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ABSTRACT
The recent history of planning policy in England leaves the treatment of housing supply in a confused position. Much depends on the analysis of evidence on the current and future need and demand for housing for groups of inter-related localities. Arguably the most appropriate spatial scale of analysis of market adjustment processes is the functional urban sub-region, and this article discusses the development and application of an economic market model at this level, applied to c.100 functional housing market areas across England. This goes beyond most previous analyses of UK housing markets, which have lacked explicit treatment of land-use planning and the supply process, while also recognising the economic and supply influences on demographic change. Based mainly on short-medium panel datasets and some micro surveys, component models for migration, household formation, prices, rents, and new construction are estimated and combined with simpler labour market and demographic accounting to build a simulation model which can explore the potential impacts of economic, demographic and planning policy scenarios. Through a range of examples applied to groupings of sub-region, and two local case studies, this paper focuses on the way housebuilding, demographics and markets adjust to local decisions and the implications of this ‘outcome-oriented’ approach for planning. The results confirm a wider literature in showing that planning restriction raises housing costs, but underlines that the effects are quite gradual, particularly given the rather partial response of new housebuilding itself to planning decisions. They also show the interdependence between nearby subregions, and the likely adverse effects of leaving decisions to the local level, as well as the somewhat mixed impact of different levels of economic growth. 
Highlights
· Localised planning in England requires evidence on future housing need and demand
· New model of housing system based on sub-regional housing market areas

· Explicit treatment of planning-supply side and endogenous demographics

· Simulations built on econometric functions estimated on panel and micro datasets

· Explore impacts of economic, demographic and planning scenarios on outcomes for different areas
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1. Introduction 

Planning for the provision of new housing has faced increasing challenges in the last two decades, particularly in England, although similar issues face systems in many countries. These challenges arise from the confrontation of, on the one hand, increasing levels of demand and need for housing associated with population growth, migration and household formation, alongside rising incomes and expectations and the effects of credit liberalisation, and on the other hand a supply side increasingly constrained by environmental regulation, a broader ‘urban sustainability’ agenda, and a growing local resistance to housing development given an institutional platform through the consciously participative and ‘localised’ planning system. 
These mounting pressures have led to a ‘rediscovery’ of housing supply as a significant policy issue (Bramley 2007), major policy reviews (notably Barker 2004, also Calcutt 2006), and frequent rewriting of planning policies (compare DOE 1995, DETR 1998 and 2000, ODPM 2006, DCLG 2010, 2012, 2013). Housing has become a significant policy issue in national debate and electoral competition in 2010s, having been widely seen in the 1990s as a very marginalised issue (Bramley 1997). The evolution of this policy discourse and the actual policy processes generating successive policy instruments, fascinating though it may be, is not the primary focus of this article, but rather the background motivator. 
Why does housing supply, or a lack of it, matter? What are the outcomes of housing supply which we, the policy community, should care about? For whom are these outcomes a problem, and where do they live (and vote)? What is the right amount of housing to plan for and build? A rational planning approach craves a number, or set of numbers projected forward over the planning horizon. How should we derive such numbers and, crucially, make any claims for their ‘adequacy’ in terms of achieving desirable outcomes as well as for their ‘validity’ in terms of an evidence base?
Traditional approaches to this problem of numbers have tended to take one of two forms. The first was to simply tot up all of the existing problems – slums to be replaced, households without a home, people on waiting lists, etc. – and set some time horizon to deal with these. The second was to construct a demographic projection of future population and household numbers, by assuming that past propensities (to give birth, die, migrate, form separate households) would either continue unchanged or would be subject to similar trend changes to those observed in the recent past. This approach to household projections remains popular, despite its considerable shortcomings (Bramley & Watkins 1995, Bramley et al 1997, Meen, 1998, Bramley et al 2010, Bramley 2013). The central critique of this approach is that it fails to recognise that housing is a predominantly market-based system (albeit with some social/administered elements within it),  wherein individuals, households and firms adjust their behaviour continuously or periodically. In order to make realistic statements about future housing outcomes it is necessary to have some sort of model, or set of models, to represent these behavioural relationships and interactions, and to show how they are likely to operate in the future planning period. A mechanistic or extrapolative demographic projection is not really adequate as such a model, because it cannot accommodate, explain or account for changes stemming from changes in external factors or behaviour responding to these. Furthermore, it tends to lead to a focus on a ‘single number’ answer to the question of ‘how much housing?’, rather than to a more appropriate focus on the tradeoffs between numbers and outcomes – if we build an extra 10,000 houses, affordability will improve by x% and backlog need will fall by y%. 
The Barker (2004) review recognised the importance of market processes and the key role of ‘affordability’ outcomes, and ushered in a phase of policy where economic models were given a role in influencing planning at the regional level (ODPM 2005, Meen 2011), although arguably this approach was not embedded at local level. However, after 2010 planning policy moved away from this ‘top down’ national-regional approach, with a new emphasis on localism accompanied by incentives and also a reliance upon judgements of the adequacy of the local evidence base for housing numbers. 
This article presents a new sub-regional economic model of housing markets in England intended to inform planning decisions on housing provision in the current decentralised planning framework. This model builds on previous work but goes beyond it in terms of using a more appropriate geographical framework of sub-regional housing market areas, explicit modelling of the supply process as a function of planning, economic modelling of demographic change, and linking component models in an integrated simulation approach which takes account of spatial interaction between markets. Its outputs provide a critical missing element in the evidence basis for localised planning decisions and an ability to assess the performance of the whole system in promoting supply and affordability. 
The model was developed out of a feasibility study commissioned by the National Housing and Planning Advice Unit (NHPAU), the government agency then charged with advising regional planning bodies on housing numbers and affordability (Andrew et al 2009, 2010). Although the NHPAU was wound up following the change of Government in 2010, the authors were able to develop the model further in work for a particular group of local authorities. This article builds further on that work (Bramley 2012) and on the recent opportunity to update the model using information from the 2011 Census and other sources. 
Although this model and analysis is focussed on one national system (England), it is clear that similar issues confront planning and housing supply systems across a range of countries.  (e.g. Glaeser et al 2006, 2008, Gyourko et al 2008, Ihlanfeldt 2006, Quigley & Raphael 2005, Gurran & Phibbs, 2013).. Countries differ in their geographical context (how much space) and in the way land use planning operates (e.g. zoning versus discretionary development control), not to mention in terms of the fiscal incentives affecting local authorities. Nevertheless, a tension between economic and social arguments to promote a generous supply of land for housing development and a range of ‘urban sustainability’ arguments alongside an often growing local resistance development legitimised by  a planning/regulatory system firmly planted in local government may be observed across a range of different countries. .

The main aims of this article are

1) To make the case for an economic-based sub-regional housing market model as a decision support tool for planning

2) To describe such a model and its empirical underpinning

3) To present future scenarios to show the sensitivity of key household and housing outcomes to policy and economic/financial assumptions
4) To demonstrate the interdependence of these outcomes for particular sub-regions on planning decisions made in other sub-regions

5) To examine the adequacy of plan provision, both overall and in selected sub-regions, based on a range of outcomes

Section 2 discusses the policy background, particularly the role of ‘housing numbers’ in the planning system and the role of different levels of planning (national-regional-local).  Section 3. reviews past research and literature on economic models of the housing market, starting with some general observations on the state of the field before moving on to review key components of the local economy and housing. Section 4 identifies key data sources available to underpin a housing market model for England, and describes the development of an integrated dataset for a base period (1997-2007) and subsequent updating to 2011-12. This section also describes the sub-regional housing market areas used for this analysis. Section 5 reports on the estimation of econometric functions used to predict key variables in the modelling system: migration, household formation, new construction, house prices and rents. Section 6 describes the  way these and other functions are embedded in an overall simulation model, implemented transparently in a spreadsheet format, and discusses some of the critical additional elements needed to complete the overall model. Calibration and properties of the overall baseline forecast are also discussed in this section. Section 7 demonstrates the power of the model to critically inform broader policy issues at national, regional and sub-regional scales through a series of scenario tests.  These scenarios reveal, among other things: the continuing implementation gap between plans, consents and actual construction of new housing; the interdependence of localities in wider sub-regional and regional market interactions; the potential impacts of ‘localisation’ and ‘incentives’ on supply;  the continuing profound differences between  north and south; and the significance of what kind of housing is built. This is complemented in section 8 by more detailed presentations of forecast scenarios of key outcomes for particular sub-regional groups of authorities, to illustrate the way in which the model is envisaged to function as a decision tool and key evidence source for assessing local plan options. Section 9 provides concluding reflections. 
2.   Policy background

2.1  Evolution of Planning for New Housing 1947-2009
Bramley (2007, 2010) argued that one can discern quite distinct phases of policy in the period from WW2. Until the early 1970s there was broad consensus around the existence of a major housing supply shortfall and the need to promote both public and private sector housebuilding. However, this was within a broad policy presumption against ‘sprawl’ or unregulated development in the open countryside; green belts were established, the clearest manifestation of this general English approach of ‘urban containment’ (Hall et al 1973). 

After 1975, housing supply went off the national policy agenda, due to a combination of perceptions that the post-war shortages had been overcome, lower demographic growth, and public spending cutbacks which particularly affected public housing and general infrastructure (Holmans 2005, Bramley 1997). This lack of policy salience persisted until the mid-2000s, when the Barker (2004) review brought the issue back to the forefront in a context of escalating affordability problems and an apparent unresponsiveness of housebuilding to record price levels. 
During the intervening period, and particularly after 1990, planning had become involved with issues of regeneration and sustainability. This tended to mean an even stronger emphasis on urban containment, re-use of brownfield land, and intensification in terms of density (DETR 1998, 1999, 2000; Adams & Watkins 2002). The other key developments in this period included the gradual evolution and acceptance of the use of ‘Section 106’ planning agreements to secure the provision of ‘affordable housing’ as part of general market developments, as discussed in Crook & Monk (2011). In this period, trend-based household projections  provided the main basis for planning targets, which determined the amount of land made available for new housing, in  a manner described in Bramley (2013a, Figure 1). Economic housing market models, and associated outcomes (house prices and affordability) played no direct role.

However, this was essentially a circular process. Plan targets determined land available, which substantially determined new build rates, which in turn would affect house prices. But supply and house prices, as we show below, affect migration and household formation. Therefore, there was nothing to prevent a self-reinforcing process of inadequate supply in certain regions suppressing household growth and the key measures used to determine future supply (Bramley & Watkins 1995, Meen 1998). 

Circumstances brought housing supply back onto the agenda in the 2000s, with a combination of economic and enhanced demographic growth and cheap credit confronting an unresponsive housing supply, so leading to ever higher house prices and affordability problems. The Barker (2004) review was a comprehensive assessment of the problem from an economic perspective and pinpointed planning as the primary cause of unresponsive supply. It set a wide agenda for action which, although generally  accepted by the then Government, was only partially implemented (Bramley 2010, Stephens 2011). It encouraged further reform of the planning system but, and arguably it also attempted to institute a new paradigm, as summed up in (Bramley 2013a, Figure 2), which placed affordability at the centre of the system. 
The affordability criterion was strongly reflected in planning policy guidance in 2006, and clearly influenced attempts by central government to get Regional Planning Bodies to increase housing targets in this period (NHPAU 2007, 2009). However, despite reform the system  was slow and reluctant in its response (Baker Associates 2008.. Ball 2010). Local authority based regional planning bodies were unwilling to raise planned numbers to the levels recommended, often blaming  infrastructure inadequacy or the behaviour of developers (Calcutt 2006, OFT 2008, IPPR 2005, 2011). Annual output in the period 2004-08  was 198,000 net additions, a mere 13,000 (7%) more than in the previous decade (1994-2003); significantly less than the 240-300,000 range recommended by the government’s advisory agency  (NHPAU 2009). The story after 2008 has been dominated by economic crisis, overlaid by a change of national government.  The Global Financial Crisis (GFC) and associated recession hit the housing development sector particularly hard over an extended period. Housebuilding rates plunged to about half of the rates just quoted above.. 

2.2  Current Planning Policy
National policy took an abrupt turn following the election of a Conservative-led Coalition government in 2010 with quite different ideas about the planning system (Conservatives 2009). There are three key themes in the Coalition approach to planning for housing

· Localisation of decision-making on new housing, with the abolition of top-down targets and regional planning machinery

· More explicit incentives to encourage local authorities to permit new housing, particularly through the ‘New Homes Bonus’

· Simplification of national planning policy guidance with a new overarching ‘presumption in favour of sustainable development’

We consider further in Section 7 the likely impact of this package of changes on housing supply.  We can say that there is evidence that localisation per se is likely to lead to a reduction in land and housing supply in the key areas of southern England where pressures are greatest, both from early decisions made by local authorities and from evidence on public attitudes to local housing development (Bramley 2011a and 2011b).. 

The second, mainly positive, element has been the introduction of a specific incentive mechanism to encourage new housing, the New Homes Bonus, which involves giving LA’s the revenue equivalent to seven years’ of Council Tax on new dwellings. However, this is financed in part by a general top slice on central government grants to local authorities, and being is introduced in a context of massive cuts on local government budgets in general. and budgets for housing and urban development/regeneration specifically.  Existing arrangements for developer contributions to infrastructure costs and affordable housing through ‘section 106’ planning agreements, and the introduction of the new ‘Community Infrastructure Levy’ , are continuing, although authorities are urged to relax these requirements if they threaten the viability of development. . Given this context, it has been argued that the size of the incentives is not sufficient to radically transform local attitudes or decisions (Bramley 2011b). 
The legislation introduces a ‘presumption in favour of sustainable development’, which is open to interpretation but may be used to pressure local authorities to put local plans (‘core strategies’) in place with sound evidential support, if they are to retain control over development in their areas (DCLG 2012). The final version of the guidance (DCLG 2012, para 12) requires authorities to 
‘use their evidence base to ensure that their Local Plan meets the full, objectively assessed needs for market and affordable housing in the housing market area, as far as is consistent with the policies set out in this Framework, including identifying key sites which are critical to the delivery of the housing strategy over the plan period’. 

2.3  Planning Practice Guidance on evidence base
The draft Practice Guidance on Assessment of Housing and Economic Development Needs (DCLG 2013) sets out the evidence base required to justify the core strategy, building on the previous Strategic Housing Market Assessments (DCLG 2007). The focus on sub-regional scale of analysis and cooperation between authorities is absolutely clear:
‘Local planning authorities should assess their development needs working with the other local authorities in the relevant housing market area or functional economic market area in line with the duty to cooperate.’ Permalink ID 2a-007-130729{DCLG 2013}
The duty to cooperate is seen as particularly likely to be invoked in 

‘Any cross-boundary migration assumptions, particularly where one area decides to assume a lower internal migration figure than the housing market area figures suggest, will need to be agreed with the other relevant local planning authority under the duty to cooperate’ Permalink ID 2a-018-130729 (DCLG 2013) 
It is implicit that the Planning Inspectorate, as part of their role in approving Local Plans, would ‘police’ this requirement to cooperate in meeting needs at housing market area (HMA) level. However, there is no single agreed set of HMAs, although sets have been proposed in research published government as well as in earlier studies (Jones et al 2010). 

The Guidance advises the use of a range of mainly secondary data sources and indicators, treating household projections as a starting point, but recognising the potential for household formation rates to have been suppressed by housing undersupply. Account should be taken of employment trends and forecasts and of a range of ‘market signals’, including land prices, house prices, rents, affordability, rate of development (takeup of permissions) and housing need indicators including overcrowding, concealed, sharing and homeless households.  It should be noted that the model described in this article attempts to track and predict all of these variables. 
The Guidance is light touch on the issue of assessing future trends and conditions and the relationship between planned supply levels and housing outcomes, which is the field in which forecasting and policy simulation models might have a role to play. This is understandable given the relative lack of such models, and the lack of confidence and familiarity with their use in the planning and housing practitioner communities (including the planning inspectorate). Rather, a more ad hoc ‘suck it and see’ approach, which might be termed ‘practical heuristics’, is recommended.

‘Market signals are affected by a number of economic factors, and plan makers should not attempt to estimate the precise impact of an increase in housing supply. Rather they should increase planned supply by an amount that, on reasonable assumptions and consistent with principles of sustainable development, could be expected to improve affordability, and monitor the response of the market over the plan period.’ Permalink ID 2a-020-130729 (DCLG 2013)
A model, such as that described in this article, may be seen as a tool to organise information in support of such a monitoring and trial-and-error process. Insofar as the model is generalised, imperfect and subject to change and development, then the same logic of monitoring outcomes against expectations given planning inputs and adjusting if required still applies when working with such a decision tool. 
3.    Economic Models of Housing Markets

3.1  Overview of market models
Bramley (2013a) reviews housing market models and the contribution of this strand of urban economics to planning in the UK. This review finds that theoretical contributions (e.g. Evans 1973, 1983, 1991; Harrison 1977; Bramley et al 1995; Monk & Whitehead 1999 and Adams & Watkins 2002) generally argue, from a conventional comparative static analysis, that postwar British planning is likely to have reduced the number and size of houses built, increased densities and raised prices/rents. The classic ‘urban containment’ approach (Hall et al 1973) will tend to lead to a degree of ‘town cramming’ as well as ‘leapfrog’ development in settlements more distant from core cities (a modified form of ‘sprawl’). However, care is needed in the interpretation of price effects of planning, because of course ‘good planning’ can increase the real utilities of urban living in terms of quality of environmental amenities and the the cost-efficiency of urban infrastructure, with similar positive effects potentially on urban agglomeration effects on economic output, and these will also be capitalised in higher property values (Roback 1982). 
A limitation of these perspectives is their static nature, whereas in practice planning is intervening in and trying to monitor and steer a dynamic process of development and market change effected through household mobility. Allocating or zoning land for development does not guarantee that it will be built, in a given time period, or ever – the same applies to the situation of lifting restrictions on the use of land (Evans 1983,  Titman 1985, Neutze 1987, Bramley et al 1995) Understanding and predicting the takeup behaviour of developers within a planning regulatory regime is important to understanding the dynamics of the system and to judging practical interventions. Alternative perspectives, e.g from institutional analysis, may have a role to play here (Leishman 2010). 

White and Allmendinger (2003) provide a comprehensive review of earlier economic models applied to issues of planning regulation and housing markets, including a burgeoning US literature. Meen (2001) provides a synthesis of theoretical and empirical issues in modelling housing markets from national down to regional and local levels. Bramley (2013a) reviews nine empirically-based UK models developed over the last couple of decades.

These reviews suggest that the predominant tendencies in housing and urban economics have hitherto followed two main tracks, macro or regional time series models and micro hedonic price models which are generally cross-sectional. There have been some intermediate or mixed studies, for example cross-sectional local authority-level models, but these are still relatively rare, with very few panel studies, mainly due to data limitations. Few quantitative studies have articulated the link between land-use planning, new construction and the market. There is a lack of whole-system simulation models, as opposed to models focussed on particular variable e.g. house prices or migration.  Spatially-oriented simulations (e.g. CA models) tend to lack an economic dimension in terms of prices/rents. Quite sophisticated models of land use activities developed as part of Land Use-Transportation Interaction (LUTI) models provide a framework for analysing housing in a spatially disaggregated way which is integrated with the economy and infrastructure, but these models have tended until recently to adopt a rather unrealistic way of characterising housing consumption (all households rent in a market, with no tenure distinctions and infinitely flexible consumption of housing ‘floorspace’) (Simmonds & Feldman 2005, Feldman et a 2007). 
The existing model which comes closest to meeting the broad requirement of informing strategic planning for new housing supply is the CLG Reading Affordability Model (ODPM 2005, Meen & Andrew 2008, Meen 2011). This drew primarily on the national/regional time series approach to modelling prices and migration, combined with a newer micro-approach to household formation and labour market activity Its main limitations were its regional basis, and lack of explicit supply function linked to planning. There are also some technical issues with its approach, for example the use of microsimulation for some elements, which is too cumbersome for subregional application, and some concerns about internal consistency in relation to vacancies. Key findings from the use of this model were that it was necessary to expand supply to reflect rising incomes if affordability was to be stabilised, and that the affordability benefits of increased supply were relatively modest and long term in nature. The model was used in the policy process by the DCLG and former NHPAU, although its findings were not full accepted by Regional Planning Bodies. It also spawned a spinoff Scottish model (Leishman et al 2008).
The UK studies which best exemplified the ‘hedonic’ price model approach were those of Cheshire and Sheppard (1989, 1997, 2002). This research employs sophisticated theoretical and methodological tools but arguably suffers from some limitations in the conceptualisation and measurement of planning intervention and its aims (Bramley 1998). Their main findings were that planning’s effect on house prices was relatively modest but that the more significant effect was on the reduced consumption of housing space and consequent loss of welfare. 

Other parallel studies, led by the present author, involved a more aggregated cross-sectional modelling approach with more emphasis on the supply side, including testing the effects of different forms and degrees of planning restriction (Bramley 1993, Bramley et al 1995, Bramley & Watkins 1996, Bramley 1999; see also Pryce 1999). These studies used district councils as the unit of analysis and experimented with various ways of simulating the feedback effects from planning policy changes to house prices. These also entailed a systematic attempt to develop a range of measures of planning and land supply restriction based on survey, administrative and GIS data (Bramley 1998), recently updated in Bramley (2014). Such approaches to measuring planning and other restrictions on land supply may be compared with a burgeoning US literature (e.g. Glaeser et al 2006, 2008, 2009 Gyourko et al 2008, Quigley & Raphael 2005). This latter literature does tend to argue that overall growth limits and certain types of regulation (e.g. minimum lot size) restrict housing supply and push up prices, although it also notes that the close substitutability of different locations may mean these effects are both reduced and less easily detected. 
The earlier studies of planning effects all relied upon aggregate cross-sectional models, yet this is unsatisfactory as such models suffer from problems such as the ‘ecological fallacy’, uncertain direction of causality, and unobserved heterogeneity, which could be due to spatial units which vary in size, diversity and functional self-containment, as well as unmeasured/unobserved environmental effects. Better tests of economic impacts can be made using data on changes over time in different areas, entailing the construction and use of panel datasets. An early US example of the panel approach is Mayer & Somerville (2000). The first UK examples are Bramley (2002) and Bramley & Leishman (2005, Bramley & Watkins 2008), the latter deriving a policy simulation model from a panel-based simultaneous equation econometric model.  This model still had some limitations,  including spatially arbitrary and uneven geographical units, unsatisfactory migration functions, a medium term flow perspective, and not being set up in a very user-friendly form. 
Another recent study employing a panel approach is Hilber & Vermeulen (2010) which attempted to measure the effects of varying degrees of planning restrictiveness, and other physical constraints, on the level and volatility of house prices. While producing plausible results, its limitations include the nature of its planning policy variables, its reduced form structure (which is not explicit about mechanisms e.g. migration), and its focus on too small a spatial unit (district). 

In the light of the requirements of the planning system, as reviewed in s.2, and the above short review of relevant previous studies, we argue that there is a need for a model which has the following features: 
(a) it should operate at a sub-regional (functional urban regions or ‘HMA’) scale; 
(b) it should embody realistic evidence-based estimates of the relationships between key demographic, economic and environmental factors and house price outcomes at sub-regional scale; 
(c) it should embody a realistic representation of the way in which housing market demand and supply forces are transmitted between sub-regions, through migration or other mechanisms; 
(d) it should recognise that household formation and migration are determined in part by economic factors (e.g. prices, incomes) as well as by traditional demographic variables and past trends; 
(e) it should include a reasonable representation of the way in which planning policies or targets interact with economic and market conditions to generate actual new housing construction rates;
(f) estimation of relationships should ideally take account of evidence relating to changes over time as well as cross-sectional variation. 

Such a model would be potentially useful to local authorities (LAs) wanting to decide numbers rationally in the light of outcomes, or to generate an evidence base to support their decisions. It would also be valuable to national policy-makers, interested parties or independent commentators wanting to understand the implications of emerging plan decisions. LAs realising the importance of interactions between their decisions and those of neighbouring areas, and having regard to the ‘duty to cooperate’,  may wish to influence or negotiate with those neighbours on the basis of a consistent model.  LAs will also be responsible for the downstream consequences in terms of housing need.  

This emphasis on local decision-making suggests that a key constraint in designing such a model is that it should run on spreadsheet platform and be capable of being used by non-specialists.

Ultimately, the main focus in this paper is on the properties of and insights developed through the overall system simulation model. However, there are naturally critical questions which may be addressed to any one of the component models and their manner of estimation, so it is necessary in the following sections to provide both some review of background literature and an account of the estimation method used for each of the main component models. It is not claimed that these are necessarily optimal treatments; rather, it is argued that these are suitable, consistent with the data available, and ‘good enough’ to be incorporated within the simulation framework. 
3.2  Economic Geography
In scoping sub-regional housing market models for NHPAU (Andrew et al 2010), and drawing on the  precedent of the CLG-Reading Affordability model, it was assumed that the purpose of the labour market module would be to explain and predict labour force participation status and the level of earnings of working individuals by HMA. Outputs from this (e.g. especially unemployment), as well as earnings/income, could be significant inputs to other modules, such as migration and house prices, as well as for the income distribution side of ‘affordability’, as is illustrated by Annex C. 
That feasibility study examined the possibility of potentially sophisticated models for sub-regional earnings, inspired by recent ‘New Economic Geography’ literature. This suggested and tested an approach centred on a logarithmic relationship between a ‘market access potential’ function and nominal wage in a location (Harris 1954, Helpman 1998, Hanson 2005). This would have made earnings, and by implication, economic output and productivity, endogenous within the model, but this approach has some drawbacks and risks in the present context.

For the current model, which is intended to provide a working tool for those involved in planning or local economic development, it was decided to develop a base version within which economic growth and earnings were essentially exogenous inputs. This could enable inputs to be obtained from separate local-regional economic/labour market models provided by consultants and used by some local authorities or Local Economic Partnerships.  This would also enable the effects of baseline assumptions, to be compared with specified alternative assumptions about future economic growth at sub-regional, regional or national level. It should be noted that, even with the ‘simple exogenous’ economic growth version of the model, labour market status (employment, unemployment rates and commuting levels) are generated endogenously allowing for some influence from the housing sector. 

The model does however contain an option to allow earnings levels to respond endogenously to the market potential function, which can be generated within the simulation. This could enable examination of the issues raised in Fingleton (2008).
3.3  Migration
Annex C suggests that migration occupies a central role in the model and we would argue that migration is the most important mechanism of spatial interaction between geographical housing markets, the medium by which potential demand is shifted between areas. Migration is more important, relative to size of market, in a sub-regional or local context than in a regional setting. Most of the economic research on migration has been at a regional level, emphasizing the importance of labour market effects (Bover et al 1989, Jackman & Savouri 1992, Cameron & Muellbauer 1998, ODPM 2005). However, different disciplines bring different perspectives and questions to bear and these should be considered in developing this part of the model. There is a general recognition in the literature (Mohlo 1986, Champion et al 1998, Gordon & Molho 1998, Simmonds & Feldman 2005) that sub-regional migration flows will reflect a combination of the economic/employment factors which predominate in explaining longer distance moves and environmental and housing factors which explain medium and shorter distance moves.

Age and lifestage are very important determinants of the propensity to migrate and the geographical direction of moves (ODPM 2002, Fielding 2007, Warnes 1992), so it is common practice to establish different models for different age groups. It is generally considered desirable to model gross migration flows, and it may be found that some net migration impacts of exogenous changes are not as intuitively expected, because of the confounding effects of out-migration generation. Migration is an intrinsically spatial phenomenon, so models with a specific spatial orientation, such as spatial interaction models with their distance decay and potential functions, tend to be favoured. 
Although many studies, particularly at the regional scale, focus on the effects of employment conditions on migration, there is no consensus on the best ‘economic’/employment variables to use to predict migration (Champion et al 1998), although some recent studies favour job growth. Particular variables, including unemployment, may have ambiguous effects and may themselves be endogenously influenced by migration and associated factors

 There have been a number of studies which highlight the role of housing tenure in affecting migration/mobility, including arguments that either or both of social housing and owner occupation inhibit mobility (Hughes & McCormick 1981, 1987, 2000; Boyle 1995; Oswald 1996). Attempts at modelling the interactions between migration and housing supply/prices at subregional level suggest that these relationships can be difficult to capture in a satisfactory way and may vary between different contexts (Bramley & Leishman 2005). At the more localised or neighbourhood scale, issues of socio-economic segregation and residential choice/sorting behaviour become important (Meen et al 2005, Champion et al 2007)
International migration has been increasingly important in England and has led to higher population and household growth. It may also have increased house prices and private renting and displaced some household formation, notwithstanding initially (and maybe continuing) low headship rates among new migrants (Meen & Nygaard 2008). Sub-regional models should recognise the differing ethnic and recent migration profiles of different localities.
3.4  Household formation

Household formation is important because it determines the overall future household numbers, which provide a basic measure of the overall requirement for housing in an area. Household formation rates by age group and the types of household formed determine the overall composition of households including the balance between families and non-family households and the proportions of single person households, who all have rather different housing requirements. The gross flow of new households forming in a period (e.g. a year) is a key determinant of the flow demand on the housing system. 

The same argument for treating this aspect of demographic change as partially endogenous and responsive to economic and housing market factors applies as for migration. At a local level, migration is probably the more important variable determining household growth, but at the regional level and above household formation is quite significant. Similar economic, social and policy factors may also impinge on the process of household formation, and in some research looking at both there is a degree of similarity in the models and variables used (Bramley 2013b). 

Most household projections follow an extrapolative demographic model, assuming that separate household formation is a function of population age, sex and marital/family status and that future rates can be projected forward from past trends. However, more recent literature has identified some economic influences at least at the margins (Bramley et al 1997 & 2006, 2010;  Ermisch 1999, Asberg, 1999; DETR 1999, DTLR 2002, Andrew & Meen 2003, Meen & Andrew 2008, Leishman et al 2008, Meen 1998, 2011),  with real income and housing costs or prices included models for household headship rates or household formation flows.  Some other research has found not just house price but also supply variables and local or regional employment variables to be significant. Ermisch (1999) highlighted the importance of parental financial position and help in the leaving home process, 

Several recent studies claim clear evidence of cyclical recession effects (from incomes and labour market) on household formation (Lee & Painter 2013, Dyrda et al (2012), Paciorek (2013). Some of these also point to effect of housing costs (Paciorek 2013) or the sub-prime mortgage crisis. Studies focused on the longer term decline of owner occupation, suggest that the real situation is compounded by declining young headship (Rosenbaum 2013), and studies comparing ownership rates by ethnic group may be misleading for same reason (Yu & Haan 2011, Nygaard 2011, Yu & Myers 2010).

Despite these insights, and the backing of considerable research evidence, the economic critique appears to have led to limited practical applications in terms of the predominant methodology of population and household forecasting. One may speculate about the reasons for this failure to incorporate the economic perspective. Planners and demographic analysts may lack knowledge, competence or confidence in handling economic and econometric models. Some may feel uncomfortable with an approach which appears to emphasise demand and market values rather than ‘need’. Some may point out, with some justice, that to use economic variables in forecasting requires forward forecasts of economic conditions over long time periods, yet the economics profession has not managed to develop credible economic forecasts that look forward more than about 2-4 years. However, this problem of ‘predicting the predictors’ is overcome in the context of a general sub-regional modelling system, as described in this article. Some may feel, again with some justice, that economic models in this context are likely to introduce additional layers of uncertainty which, while they may reflect reality, may also serve to undermine confidence in the whole forecasting and planning enterprise. This is more of a presentational point. 

One option would be to use the household formation estimations report by Meen et al (ODPM 2005), based on micro-estimation using household panel survey data, although it would be desirable to adopt a smaller number of categories of household for the purposes of prediction, as reported by Leishman et al (2008) in their Scottish model. A possible alternative approach could be to adapt the household formation function used in the CLG ‘Estimating Housing Need’ project (Bramley et al 2010), which builds on the earlier literature and particularly Bramley et al (2006); this also uses micro-estimation on the BHPS longitudinal data on household transitions, but in simulations an aggregate elasticity approach is derived.. This was argued to better capture housing cost and supply influences by linking these at a more appropriate sub-regional scale. The approach adopted below  is a blend of these alternatives, more closely tied to the overall form of the spreadsheet model. 
3.5  New construction

Planning is intimately connected to new housebuilding, in several senses. Housing is the most important urban land use and housing numbers and land allocation issues are often among the most sensitive issues in Local Plans. Conversely, planning is arguably the most important regulatory intervention affecting new housebuilding (Bramley et al 1995, Barker 2004). So in a rather obvious sense it is clearly important to consider how new construction (new housing supply) should be analysed and modelled, and what can be learned from previous literature. However, as we shall see, housing supply has not been subject to exhaustive research in the UK, and quite of few of the general market models reviewed do not explicitly model supply at all. This reflects several disparate factors, including the low policy salience of housing supply in the period 1975-2003 (Bramley 2007), the lack of systematic data (particularly time series data) on planning restriction, policy settings and land availability, and the relatively poor performance of econometric models which have been tested in this field. 
Most macro and regional models of housing construction have lacked effective measures of land supply and planning constraints, and have focussed more on financial and economic variables including interest rates, house price level and change, and construction costs. Examples of such models include Tsoukis & Westaway (1994) and Meen (1996, 1998).  Given this situation, the CLG-Reading model (ODPM 2005) and the derivative Scottish model (Leishman et al 2008) do not have an explicit supply function for new construction. 
At more local or sub-regional levels there is more possibility of using measures of planning regulation or land availability, and thus the possibility of incorporating this within new construction models is opened up. Bramley (1993), Bramley & Watkins (1996) and Pryce (1999) illustrated the potential of such supply modelling at LA level in cross-sectional mode. More recently some local/sub-regional panel models have developed within this tradition (Bramley 2002, Bramley & Leishman 2005, Leishman & Bramley 2005), and may be compared with some US models (Mayer & Somerville 2000). While these models are adequate, and confirm other evidence of the low price-responsiveness of construction in Britain, their fit is notably less good than other components of sub-regional market models. Another theme within this literature is that of uneven, asymmetric or ‘backward bending’ supply responses in different contexts (Pryce 1999, Goodman 2005, Glaeser et al 2006). 
The US literature suggest that housing supply can have a substantial impact on the housing and labour market dynamics in intra- and interurban areas (Saks 2008). In response to an urban shock, an area with a more elastic housing supply experiences relatively lower rises in house prices and larger increases in housing stock and an increase in population. The US literature reveals that housing is more elastic in the suburbs than central cities, due to the greater availability of building land in the suburbs (Goodman 2005). 

The direction of an urban shock is important as the total housing supply curve could be kinked due to the durable nature of housing. In typical US conditions, a positive demand shock leads to more modest house price rises and more houses being built in an urban area, whereas a negative shock leads to a larger fall in house prices and a relatively unchanged stock (depreciation being a very slow process). Glaeser and Gyourko (2005) argue that declining cities initially suffer price falls but not population losses. This experience may be paralleled in low demand areas in UK.
As approaches to measuring land use and environmental regulation have developed in the US  (e.g. Glaeser et al 2008, 2008, 2009 Gyourko et al 2008, Ihlanfeldt 2006, Quigley & Raphael 2005), so there has also been some interest in the idea that such local policy variation may be ‘endogenous’, i.e. subject to some of the same influences as housebuilding activity or other key market variables. Bramley et al (1995) and Bramley (2012, 2014) do explore this issue to some extent, by looking at systematic correlates (and possible determinants) of the level of ‘outputs’ from the planning system (new consents) and of the broader planning stance of different local authorities. The more recent work here draws on independent opinion survey evidence on people’s attitude to new housing development in their area, which can then be modelled across into LA level data and related to planning stance and output measures, using a range of predictors including socio-demographics, political voting data, environmental and economic conditions. Broadly, higher income,. more middle class and conservative voting people owning their own homes and living in affluent suburbs in the south of England tend to be more opposed to new housing development. This sentiment index can help to predict planning stances, although other factors like the sheer availability of land and the previous Regional Planning Guidance also play a part. We expect local sentiment to play a stronger part following the turn to localism after 2010. 
While there is a case for examining whether future planning policy stances and outputs can be predicted for different areas, there is also a case for not making this part of the model ‘endogenous’. Essentially, we need to manipulate these variables as key inputs in order to explore scenarios for different levels of supply. 

The approach adopted here is a development of the Bramley & Leishman (2005) approach, with a single equation for private completions rate as a function of the flow and stock of planning permissions for housing, change in prices, spatially and temporally lagged completions, interest rates, social completions and a range of characteristics of the local environment and the actual land supply. This is fitted to panel data for either LA districts or sub-regional HMAs. 
3.6  House prices

The first part of this section reviewed housing market models more generally, and these provide the main context for house prices, which generally play a central role in such models. This sub-section therefore does not attempt to review research on house price determination in a more general sense. There has been a large volume of economic research on house prices in the UK, mainly utilising time series techniques on national or regional data, and mainly geared to short or medium term forecasting (see for example Meen 1996, 1999, 2001,  2011; Giussani & Hadjimatheou 1991; Muellbauer & Murphy 1997). There has also been a large volume of (largely separate) research utilising hedonic price models, seeking to assess the contribution to housing values of different attributes of houses themselves or their location – this is less relevant in this context. 
Much of the economic literature on house prices is preoccupied with econometric issues. In national and regional time series work, the main focus of the last couple of decades has been on issues of trends, cointegration, and autogregressive processes. However, most of the techniques developed to address these tend to require long quarterly or annual time series to work effectively, whereas in the inter-urban and sub-regional level of interest here such time series are not available for most variables.  The NHPAU feasibility study literature review (Andrew et al 2009) looked at some of the more distinctive econometric issues raised at the sub-regional scale, particularly spatial dependence/error and aggregation. On the whole it was argued that these issues could be addressed by appropriate forms of model. 
The NHPAU feasibility report (Andrew et al 2010, Leishman 2010) focussed strongly on the CLG-Reading and Scottish affordability models, which derive from the regional time series tradition, when considering the housing market and house prices.  This aimed originally to model house price growth rates estimated separately for each sub-regional unit. The most theoretically important variables included earnings/incomes, spatially-lagged price change, the ratio of (owner occupier) households to dwellings, real house prices relative to household income level, and the ‘user cost of capital’. The user cost of capital is defined as a function of expected price appreciation, mortgage interest rates, the rate of depreciation and property taxation; however, in simpler formulations this may be reduced to just interest rates. Finally, growth in stock market returns may be included as a wealth effect.
Versions of this form of model tested were unsatisfactory in terms of instability of key parameters between different regions, leading to the view that it would be better to have a single model for the whole country or, at best, two or three variant models estimated for broad regions. In this study we adopt the approach of a single model. in price levels or changes fitted to short or medium duration annual panel data for HMAs. In common with the above approaches, this price model is best viewed as an ‘inverted demand function’, with price on the left hand side and quantity variables as well as demand-influencing factors on the right hand side.  However, some versions of this model incorporate more social and environmental variables (some of which are cross-sectional) than would be seen in traditional regional time series models; arguably this is appropriate in a more localised model where such factors are significant drivers of price differences. Other versions take a longer run of time and adopt a fixed effects approach, which necessarily omits purely cross-sectional variables (their effects being combined together in a single factor for each zone).
Key findings from models of this kind are that prices respond positively to changes in incomes and in the ratio of households to dwellings; this is the primary route through which additional supply permitted through the planning system impacts on house prices, and it is necessarily a gradual one (typically in UK new supply adds around 1% to dwelling stock each year). In some model versions, new build completions have a direct negative effect on prices as well. Prices depend partially on prices in adjacent areas; this spillover (spatial lag) effect means that price impacts both ‘ripple outwards’ but also become self-reinforcing to a degree through a kind of multiplier effect. Prices also respond to financial factors, particularly interest rates and possibly also wealth factors (e.g. share prices) and ‘credit rationing’ episodes. Although house prices can notoriously display sharp cyclical instability, the models used tend to build in formal or informal ‘error correction’ factors; for example, if prices are very high, they will tend to correct back towards a more normal equilibrium.   

4. Data Sources 

4.1  Housing Market Geography
This article and the model described are fundamentally premised on the view that the sub-regional scale is the optimum geographical scale for the analysis of housing market interactions. The underlying concept is that of the Housing Market Area (HMA), which is conceived as being a coherent functional unit which embraces most of the housing location choices of people working in it, or of people moving house within it. Such an area will display strong responsiveness to changes in determining factors for that area, while being relatively insulated from changes in other areas. Therefore these units look like the best ones to use for modelling such relationships. 
The literature on HMAs suggests different principles on which these might be delineated, without complete agreement about which of these is superior (Jones et al 2004, 2010). The main candidates are (a) ‘Travel to Work Areas’ (TTWAs) based on journey to work self-containment around a core employment centre, (b) migration-based self-containment areas, (c) housing search areas based on search behaviour, (d) areas with common price structures,. based on descriptive data on price changes by house type, or on hedonic modelling. In a parallel project for the former NHPAU a separate research team produced a comprehensive analysis of this issue and tested a range of sets of HMA boundaries (Jones et al 2010). The set used here were selected as the most suitable ‘interim’ output from that project, and were based on a composite of criterion (a) (official TTWAs), modified by criterion (b) (to achieve minimum 55% self-containment in migration of 25+ age group), and subsequently tested against criterion (d) (which led to little change). The version of this set of HMAs used here is that based on grouping of whole local authority districts (pre-2009), rather than the ward-based set of boundaries. The reason for this was that much of the data required for modelling, particularly over a run of years, was only available for local authority units. Within England this generated 102 HMAs, ranging from ‘London’ (population 9.6m) to Oswestry (40,000), a small district in Shropshire by the Welsh border. This illustrates rather strikingly the point that the same HMA criteria can generate very wide variations in the size of units, with generally larger HMAs in regions characterised by higher incomes, higher mobility rates, higher journey to work and migration distances, and tight markets in certain core areas. 
4.2  Main base period data
Data for the model were compiled for HMAs for the base period (1997-2007), where possible in the form of annual values for time-varying indicators. Data sources are listed in Annex B, Table B.1. A large number of distinct secondary data sources feed into the model, either in creating the HMA-level dataset or as national  micro survey datasets used for calibrating certain relationships (particularly the British Household Panel Survey, BHPS, and the Survey of English Housing, S.E.H.) or for establishing regional trends in certain factors (Labour Force Survey, LFS). Key general sources of data at LA/HMA level are the 2001 Census, annual population change and migration estimates,  annual statistical returns made by Local Authorities, large scale government surveys used to measure key economic variables (earnings, employment/unemployment, occupations), land use data derived by GIS from Ordnance Survey Mastermap, and composite indicators derived from previous research studies. 

Of particular interest for this study are the variables for house prices and land supply. The house price variables used are the median and lower quartile price of all sales, adjusted for inflation to 2006 general price level, from the Land Registry which covers all transactions from 1996. It should be noted that the price is  mix-adjusted. The final version of the price model estimated  was actually fitted to a longer period dataset (1983-2007) compiled at the level of a set of ‘big’ HMAS created by combining the 102 HMAs with 90 former Health Authority Areas used in the studies of Bramley & Leishman (2005) and Bramley & Watkins (2008) and in the earlier ‘MIGMOD’ study. In this dataset the Land Registry-based prices were chained together with a longer earlier series derived from the Nationwide Building Society. 

The land with planning permission for new housing estimates (stock outstanding and flow of new permissions) are derived from a composite of several sources, including LA ‘PS2’ returns to government on new planning permissions, a discontinued ‘PS3’ return on outstanding planning permissions, two downloads from the Emap-Glenigan database of major development sites (derived from planning application files), and dead reckoning using all of the above plus new build completions data. 
A number of variables derived originally from a study commissioned by the then DTLR (now DCLG) to develop a migration model for England (ODPM 2002), including several composite environmental variables representing climate, air quality, and scenic areas, and some of these were updated and included also in the Bramley & Leishman (2005) study. Estimates of household income at LA level based on linking the Family Resources Survey to a wide range of proxies were derived from the study by Wilcox & Bramley (2009), along with local estimates of private rent levels. 

For several variables (house prices, rents, new private completion rates), versions were created on the average values in the four most closely adjacent HMAs, in order to incorporate spatial dependence effects in the estimated equations for key variables.

It is acknowledged that there is some variation in the quality of data for some variables. The earlier house price data are based on one major lender and transaction levels were thin during the early 1990s recession. The panel income data draw on ONS regional accounts data for NUTS regions which do not perfectly fit our HMAs, and these data have been subject to significant revision. Land supply with planning permission, particularly the stock variable, are estimated by dead reckoning for some period.
4.3  Updating to 2011
The original simulation system was set up with base data and estimated relationships all based on data for the base period 1998-2007, so that all variables were forecast forward from 2008. However, in revising the model for this article, the opportunity was taken to update most of the base data to 2011, taking advantage of the availability of data from the 2011 Census together with other market data on prices and rents now available. Although the econometric forecasting equations have not generally been updated, some ad hoc adjustments have been made to values for the period 2008-11 to ensure a reasonably smooth transition to the new reality. In one particular case, however, that of private market rents, new data from the Valuation Office Agency (VOA) have been incorporated and the opportunity taken to estimate a new rent function for 2011 to be applied to the future forecasts. 
Variables updated to 2011 using Census results include population and household numbers, vacancies, private renting share, housing need indicators. Annual population survey results (3-year rolling averages) were used to update unemployment and employment rates.  International migration estimates at LA level from ONS were updated to 2010. Macro-economic indicators and Treasury compiled averages of independent forecasts were updated to the latest October 2013 release. 
Some features of 2011 Census data create some issues in this updating process. For example, housing vacancies in 2011 do not distinguish second homes, so it is necessary to assume values of this from earlier estimates based on Council Tax. 

5. 
Estimating core functions

Section 3 discussed each of the core functions in turn and summarised the research background and approach decided upon, based on the NHPAU feasibility study. In this section we report and comment briefly on the estimated models for these functions and certain issues arising, including endogeneity and spatial dependence. The estimated equations used in the simulation are presented in Appendix A. 
5.1  Migration
Internal domestic migration is modelled for a short panel of data for HMAs over 10 years (1998-2007), with separate models to forecast in-migration and out-migration rates for each of four age groups (0-14/15-24/25-59/60+). Although different estimation procedures were compared, the versions used here were fitted in Stata using Generalised Least Squares Random Effects model with robust standard errors. These models, as summarised in Table A.1 in Appendix A, have a similar general form and draw on the same database of driver variables, but with varying coefficients and with variables found to be insignificant dropped from the equations used. The gross migration rates tend to be much higher for the 15-24 age group and relatively low for the 60+ group. 27 variables in all are used, of which 14 vary over time as well as space and 13 are fixed cross-sectional variables. The overall fit of these models (r-squared) varies between 0.586 and 0.820, with rather higher figures for the age groups 15-24 and 25-59 and somewhat lower for the age groups 0-14 and 60-plus. In general the ‘between’ (cross-sectional) part of the model accounts for a greater part of the explanation than the ‘within’ (time series) part, reflecting the relatively short time run of the base data and the large number of cross-sectional variables included. 
An important structural feature is that in-migration equations include a term for the outmigration volume from contiguous districts – this attempts to roughly capture the spatial interaction character of migration flows, which tend to be much greater between nearby areas. Out-migration equations contain a term for lagged gross in-migration, because there is a tendency for recent migrants to be more mobile. International gross in-migration is also included on similar grounds, although its effect varies.

The house price factor is included in relative form (i.e. price relative to England average), to avoid problems of non-stationarity, and also in its spatially contiguous form. In general the results show higher prices reducing in-migration and increasing out-migration as expected. New house-building rates are also included in the model, with new private build in the HMA increasing in-migration while new build in the surrounding areas tending to increase out-migration and reduce in-migration. Overall the model tends to show, as expected, that new build steers migration towards the areas with more new supply. 

Other economic variables in the migration models include interest rates (negative for both flows), household income (negative, but difficult to separate from the house price effect), unemployment (negative in net terms), social renting share (negative for inflows), and low income poverty (negative for inflows and in net terms, except for 60+ group). Certain other demographic factors are included, for example white ethnicity (positive) and students (positive for turnover and net inflow). A number of environmental factors (mainly fixed cross-sectional factors) also feature, including density (negative), sparsity (alias rurality, positive), greenspace, air quality, climate and scenic areas (all positive in net terms). 

5.2  Household Formation
Another important behavioural relationship in the model is that governing household formation. The chosen approach uses micro panel data from the BHPS (1997-2004) and predicts the odds of an individual adult in each of the three adult age groups being a household representative person (HRP). The models are summarised in Table A.2, which shows the elasticities at mean values, as used in the simulation. 
These models include a range of demographic and socio –economic factors which, in the context of the HMA simulation, are either fixed values or trended forward based on observed trends in the Labour Force Survey 1992-2008. These include previous tenures, high SEG, sick/disabled, students, ethnicity and previous household type. A further set of variables are active time-varying factors within the simulation model. These include some demographic factors like the shares of adults aged 25-29 and 30-34 (key household forming groups), recent migrants, number of children and birth of a child. 
Economic variables include unemployment and individual income (earnings, with an elasticity around 0.24 for the younger group). House prices are included in the model,  with a negative effect for two age groups but insignificant for the 25-59 group. The model also includes a measure of the rationed housing supply in terms of social sector lettings rate (elasticity 0.14  for younger group, 0.044 for 25-59 group). House prices and social lettings variables were attached to the BHPS sample at the level of larger local authorities or grouped smaller authorities (‘SAR’ areas.
These relationships are generally consistent with findings from previous research, which emphasises the importance of demographic factors like age but also shows moderate economic effects from incomes, prices and supply, particularly for the younger age group.
 

5.3  New construction
New private house-building is forecast using an explicit behavioural model fitted to HMA-level annual data for the period 1998-2007, following previous research particularly Bramley & Leishman (2005). The version used for this paper (see Annex  Table A.3) models mix-adjusted new private supply, and explains nearly three-fifths of the variance (r-squared=0.593). The main planning inputs are the flow of new planning permissions and the stock of existing permissions, with the former having a much stronger effect. Other variables on the land supply side include the share of small sites and the  previously developed land share (both negative), and the share of greenspace as a more general environmental factor (positive) – these variables are cross-sectional in the estimation but could in principle be varied in the forward simulations. 
New house-building has a positive momentum effect from the lagged previous level of completions (time-varying part) and a spatial effect from average levels of house-building in the surrounding areas (positive). House prices affect house-building through the relative level of mix-adjusted price, which was found to work better than price change, although the effect is weak, consistent with much evidence for the relatively low responsiveness of housing supply in England (see Barker 2004). Mortgage interest rates have a negative effect, consistent with other research on housing construction. 
There are also interesting effects in this period from supply in other tenures. New social housing output has a positive effect, which may seem surprising because it contradicts the idea of social housing displacing private housing; part of the explanation here is the growing importance of ‘section106’ planning agreements, which tend to link the two sectors together. Buy-to-let lending levels interacted with private renting shares has a negative effect, however. One other variable included is the level of out-migration from surrounding areas – this has a modest positive effect, representing the potential extra demand from migrants. 

5.4  House prices

In the original version of the model the approach to house prices involved fitting a model for the log of real mix-adjusted price level to the short panel of data for HMAs from 1998 to 2007.  That version of the model  did fit the base period data pretty well (explaining 93.7% of the variance). The regression model shown in Table A.4 is weighted by the relative population size of the HMA, so large HMAs like London have a bigger influence on the estimated results. 

Supply feedback is represented in the model by the ratio of population to dwellings, which has an estimated elasticity of 0.86, close to expected value. This also acts to represent demographic demand pressures through population numbers.  Supplementary supply effects are represented by private vacancies and the lagged flow supply of new mix-adjusted completions (both negative). Economic drivers are represented by log of household income (elasticity of 0.59), unemployment (negative). Other housing market variables include Buy to Let lending times the private renting share (positive)
. Several cross-sectional environmental variables are included: crime (positive), and climate (warm/sunny/dry), the latter having quite a strong positive effect. Spatial interaction in prices is represented by the price level in surrounding areas (elasticity 0.44); this acts to transmit price changes across space, as in the well-known ripple effect. 

While this model appears plausible in many respects, it suffers from two disadvantages. Firstly, it does not really accord with the preferred approach recommended in the feasibility study, which sought to fit a longer period panel model which emphasized the effects of time-varying economic variables. Secondly, when included within the simulation model the results suggested a degree of sensitivity of prices and affordability to supply changes which was markedly higher than that reported in previous significant studies, including the CLG-Reading ‘Affordability’ model and the Bramley-Leishman panel model. 
We therefore sought to fit a longer panel model to data combined from the base set compiled for the sub-regional study with an earlier set developed in the Bramley & Leishman panel (2008 version). As noted in section 4.2 above, this was achieved by creating a set of 58 ‘big’ HMAs from combinations of the 102 HMAs and the 90 former Health Authority area units. The resulting ‘Big-Long’ panel gave a run of 24 years (1983-2007). Using this dataset, the model form chosen was a ‘partial adjustment’ model, which regresses price change (in log difference form) against lagged log price level and other explanatory variables in log level form (plus a couple of time dummies). This approach is a simple and robust way of achieving some of the aims of more complex cointegration approaches, including dealing with non-stationarity in price levels. As can be seen in Table A.5, the coefficient on the first term (lagged log price level) indicates the speed of adjustment, which at -0.432 is quite high. Dividing other coefficients by (-) this figure gives the elasticity of that factor in the structural model. 
The estimation was undertaken in Stata using the Fixed Effects (FE) estimator in xtreg, which overcomes unobserved heterogeneity in the panel and makes the model draw all of its explanation from the time-variation in the predictors. Overall the model explains nearly half of the variance in the (log) change in house price (r-squared=0.492). 

The sensitivity of price to the ratio of households to dwellings is very strong in this model, as expected (implying an elasticity of 3.5). It should be noted that even quite small changes in this variable would correspond to large changes in vacancies (or sharing). Prices in a given HMA are quite responsive to relative price levels in adjacent HMAs, as expected (elasticity of 0.59). Prices do respond positively to household incomes, but this effect is weaker than expected (elasticity 0.25) and weaker than in some comparable models, including Meen (2011). This may reflect some measurement problems with this indicator, but remains perhaps the main shortcoming of this forecasting equation
. Following the theory and common practice in house price models we include a user cost term, which takes account of interest rates and (the negative of) recent house price growth (weighted at one-third). This is quite significant and negative as expected, but the magnitude of the effect is quite small. The variable based on Buy to Let lending volume interacted with private renting share has quite a strong effect; this might be seen as ‘too strong’ but we interpret this, in this particular time context, as in part a proxy for relaxed lending and the flow of mortgage lending in the period up to 2007. As expected, and as found in some versions of the CLG-Reading model, we find that the real FTSE100 index has a significant positive effect on prices in London, capturing the wealth effects of financial capital focused on London. Lastly, the model includes dummy variables for 1988 and 1990, the peak years of the previous boom in house prices, when there was a speculative spike. 
Despite having some shortcomings, we regard this house price model as preferable to that in Table A.4, primarily because it is more soundly designed from an econometric and theoretical viewpoint. It turns out that when incorporated in simulations, the price and affordability effects of supply are more moderate and more in line with other key studies. 

5.5  Market Rents
A new model for market rents was estimated using new VOA data for 2011, based on a cross-section of LA districts. This replaced a cruder earlier version. The model is shown in Table A.6 in Appendix A. Some features in this model were chosen in the light of exploration of approaches to modelling private renting in New Zealand as well as UK (see Bramley et al 2012). The standardised coefficients (betas) indicate that the two strongest predictors are the mortgage cost to income ratio (i.e. taking account of house prices, mortgage interest rates, and the inverse of income) and household income level. The former captures a key factor in tenure choice models – the more unaffordable home ownership, the greater the demand for private renting – but may also partly proxy supply side ‘cost’ effects. The latter captures the basic demand side effect of income and ability to pay rent. Other elements in the model suggest that rents are lower in more sparse rural areas (the classic urban land rent gradient), higher in areas with more young adult population (including students), higher in areas of high socio-economic status (proxying income, wealth, and housing/neighbourhood quality), lower in areas with more low income poverty, and lower where vacancy rates are higher (an expected market effect).
While this model makes sense and has a very high fit to the data (r-squared=0.963), some caution is needed when using it for forecasting, given its cross-sectional basis. In fact, following tests it was found necessary to impose a reduction of half in the coefficient on the mortgage cost to income ratio, with compensating increase in the constant, in order to avoid unrealistically high rates of rental increase in London and a few other locations
. 
6. 
Construction and Calibration of Simulation Model 
6.1  Model structure 

 As explained in Section 1, the simulation model derives from a feasibility study commissioned by the former NHPAU, which reviewed background research, proposed a structure and tested estimation of some core component functions (Andrew et al 2010, Leishman 2010). This study treated the CLG-Reading Affordability model as a starting point in terms of identifying some of the key component equations and likely drivers contained within these, but deviated from this in a number of respects to reflect the limitations identified in section 3 and opportunities presented by the sub-regional scale and data available. The structure of the current model, derived from this study but developed into a practical simulation tool in the context of research for a group of local authorities
,  is depicted schematically in Appendix C.  In a subsequent study, a similar model architecture was developed to analyse the New Zealand housing market, and lessons from this study are also reflected to some extent in this revised version (v.12). 
The model as shown in Appendix C may be thought of as having four interacting streams of analysis running through it, comprising the labour market (orange), demography (blue), the housing market (red) and housing supply (green). Exogenous inputs are shown around the outside, with economic, financial and socio-economic factors on the left-hand side, demographic factors at the top and environmental land, planning and supply factors down the right hand side. The key outcome variables, affordability and housing need, are shown (in grey) at the bottom. At the core of the the model are certain key component functions, determining migration, household formation, household incomes, house prices and rents, new build levels, and social lettings. As was described in detail in section 5, these component functions are estimated econometrically, primarily on a short panel dataset of HMAs or LAs, although some (e.g. household formation) are estimated on micro panel data. Additional intervening variables are generated within the simulation model using simpler procedures, particularly simple labour market and demographic accounting processes. 

The simulation model is set up in an Excel workbook and is intended to be relatively transparent and easy to use while capable of further refinement and amendment. A series of sheets contain data and forecasts for individual variables in a standard format, with columns representing years from 1997 to 2007 (actuals for base period) and 2008 to 2031 (forecasts) and rows representing the 102 HMAs, and selected national and regional totals/averages together with values for some composite areas of interest. Additional sheets provide a control and technical area, where key parameters are changed, summary simulation results sheets for areas of interest, storage for sets of cross-sectional variables and regional trend indicators for some of these, the forecasting equations and their coefficients, and selected outputs for mapping. 
6.2  Key assumptions

To use this set of component models together to represent the operation of the housing market system in England and to make conditional forecasts of future outcomes relies on a range of assumptions, the more important of which are worth noting. It assumes that relationships hold uniformly across areas and time periods, even though conditions may move outside the range experienced in the base period. In one sense this assumption is immediately violated, because the period 2008-2012 has been characterised by an unprecedented episode of credit rationing, particularly in the mortgage market, resulting from the Global Financial Crisis (GFC), and a prolonged recession which has been particularly severe in the housing construction sector. There was no similar episode of credit rationing, of this severity, in either the base period or the longer period used for the house price model estimation, although there was a considerable recession in the housing sector around 1990-92. Somewhat ad hoc measures have been necessary to enable the model to track changes through this period. 
It is broadly assumed that price structures remain stable within HMAs. .HMA’s are taken to be the key unit for housing market analysis, that is the geographical level at which market relationships operate and at which relationships are best observed. HMA’s are not independent islands however, but interact with each other. Spatial interaction takes place, particularly through  migration flows, but also acts through other mechanisms including commuting and spatial arbitrage. However, this interaction shows quite strong distance decay and places a high weight on contiguity. 

It is assumed that most of the market adjustment functions operate with some time lags. This seems to be a well-justified assumption in some cases, e.g. new housebuilding, while in other cases it may be arguable.  It is convenient generally to use one-year time lags in most functions, because this corresponds to the annual time series data structure, and because this enables the model to be constructed as a ‘recursive system’. In other words, within any one year, relationships run in one direction, while more complex two-way relationships will always have a lag. This avoids having to solve simultaneous relationships in a given time period. This contributes to the relatively straightforward and transparent model operation within the spreadsheet platform. It may be argued that a more sophisticated treatment, with iterative solving of certain simultaneous functions within each year, might be more realistic in some instances, but this is not a feature of the current model. A side effect of this approach is that the model can in some cases generate short-period oscillations where lagged adjustment mechanisms work themselves out. 

6.3  Additional forecasting equations

In addition to the core components which are forecast using the estimated equations described above, a number of auxiliary forecasting functions are included to generate future values for key variables in the model, which may be briefly outlined here. 

 The base level of household income and its distribution are both estimated at district level for 2007 in Wilcox & Bramley (2009). The function to predict changes in average household income from this base includes variables for age group shares (under 25 and over 60, both negative), the proportion of working adults, median earnings, low income score (negative), social renting, high occupational groups, lone parents and single elderly households (both negative). This function is calibrated using a cross-sectional regression on the 2007 figures.

The function to predict low income poverty (the IMD low income score) includes unemployment rate, economic activity rate, lower quartile earnings, single person and lone parent households, non-white population, LTI and students. 
Social lettings, which mainly arise from relets (turnover) within the existing stock are modelled using a regression model fitted to annual data for LA districts over the period 1993-2007. This model explains 53% of the variance using 14 variables of which 7 are time-varying. The most important influences, based on standardised coefficients, are house prices (negative), unemployment (negative), single adult households (+ve), out-migration (-ve), crime rate (+ve) and density  (-ve). Other factors include  low income poverty (-ve), private new build (-ve), social vacancies (+ve), young adults (-ve), elderly (-ve), and white British ethnicity (-ve).  

The model makes estimates of a range of backlog housing needs including affordability problems, concealed (potential) and sharing households, overcrowding and unsuitability (e.g. due to health/disability issues). This draws on estimates made in the Estimating Housing Need study by Bramley et al (2010), drawing primarily on the S.E.H. data for the period 1997-2007, and forecasting forward using modelled elasticities from that study as well as additional information from the 2011 Census. These backlog needs can be combined with newly arising need associated with new household formation and affordability rates, and compared with forecast social lettings derived as above. In local applications needs information may be supplemented from local sources such as Housing Registers. 
6.4  The Economy

As explained in section 3 above, the sub-regional economy is treated as exogenous. The starting point for the model is effectively the expected growth in economic output (Gross Value Added, GVA, alias GDP). Base data is published on GVA per capita for NUTS3 subregions, apportioned to HMA areas. Treasury-published short/medium term forecasts (average of independent forecasts) at national level are used to determine the short run trajectory as the economy recovers from the current recession. Thereafter, growth is assumed to follow a trend based partly on the local growth rate (1997-2007) and partly on the national rate, with the balance between these being a controllable parameter (central assumption 30% local 70% national). National trend GVA growth is assumed to settle on 2.3%, considerably below the 2.9% achieved in the boom period 1997-2007 but closer to the longer term average.

Employment (job) growth is determined by GVA growth, using a fixed parameter (-1.6% below the GVA growth) which yields an overall job growth rate, rather below that in the base period. Base period job numbers are derived from the Annual Business Inquiry (ABI) with an adjustment for self-employment. 

A labour market balance is calculated for each sub-regional HMA for each period, essentially the ratio of jobs to workers allowing for commuting. Changes in this balance ratio then impact on changes in the employment rate in the resident population, the unemployment rate and the commuting share, using controllable parameters (central values 0.5, 0.3 and 0.2). Because the labour supply side depends on population, which depends on migration, which depends in part on the housing market, it can be seen that outcomes in terms of employment and unemployment rates for residents will be subject to feedback effects from housing supply in the simulations. The model does not currently attempt to control commuting (logically this should sum to zero for the country as a whole), but it does generate the numbers which can be used as a diagnostic. 

Earnings base data are derived from the Annual Survey of Earnings and Hours (ASHE). Forward forecasts of earnings are driven by a combination of GVA per worker (weight 0.8), modified by labour market balance (weight 0.25) and occupational mix (0.25). These weights are also controllable parameters. Basically the story is that earnings growth will be mainly driven by GVA growth but with some effects from labour market imbalance and from changes in the occupational mix. The latter is currently trended forward based on past rates of change at HMA level.

6.5  Population and households
Population is modelled in four age groups: 0-14/15-24/25-59/60 and over. Basic natural change effects and international migration are derived from ONS population projections, particularly the tables giving ‘components of change’ at district level in the base period and national trends in birth and death rates and net international migration. Populations in the four age groups evolve from year to year with the effects of births, deaths, ageing and migration.

Domestic migration is modelled for the four age groups as described above. The in-migration rate is subject to an England-level controlling mechanism, to prevent the total of in-migration from becoming inconsistent with the total of out-migration, as these logically have to more or less equate (the only difference being migration to/from other UK countries)
. Migration rates are converted to absolute numbers by multiplying with population numbers. International migration is treated as exogenous but overall rates can be changed in the control sheet. 
Household numbers are generated by interacting the population numbers by age with the household representative rates forecast using the household formation model. These household numbers are the outcome of economic behavioural models and may be expected to deviate from official trend-based household projections, although comparisons may be made with the latter for diagnostic purposes. Gross new household formation flows can also be derived from these forecasts.
6.6  Credit Rationing

The period 2008-2012 has been an exceptional one for the housing market, with a key new factor being the rationing of mortgage credit arising from the banking crisis. The availability of mortgage loans has been restricted and these have been rationed by imposing relatively high deposit requirements. It is difficult to measure this phenomenon and also to predict how far into the future credit will remain restricted and to what degree, although at the time of writing (end 2013) it appears that the mortgage market is freeing up thanks in part to a number of government measures (‘Funding for Lending’ and ‘Help to Buy’).We adopt a similar approach to that followed in the recent Estimating Housing Need project (Bramley et al 2010) by positing a credit rationing adjustment factor which may be interpreted as the ‘shadow price’ of rationing, i.e. the equivalent increase in price or mortgage cost in terms of its impact on effective demand. The size and time profile of this factor is a matter of judgement, but it is a controllable parameter. In the baseline we assume that this peaks at 1.8 in 2009-10, drops back to 1.7 by 2013, 1.5 in 2014 and then gradually fades back to 1.20 by 2016. This factor is applied to a number of variables including prices, price: earnings ratio and mortgage interest rates, and this affects a number of functions including price itself, new construction, household formation and relets. 

A somewhat related factor is the ‘Buy-to-Let’ indicator, which as noted earlier was constructed in the base period using volume of BTL lending interacted with local private renting tenure share. This represents both a new source of demand from investors in the market, and also acts as a proxy for the relatively relaxed lending conditions of the period up to 2007. The values of this parameter for recent and future periods are a matter of judgement, but were determined (in conjunction with credit rationing) partly to ensure that the model predictions of price levels in 2011 were on average close to those actually observed. 

6.7  Vacancies and Feedback

An important feature of the model is the inclusion of additional feedback effects from the overall balance between households and dwellings. Without such a mechanism, the model is capable of generating inconsistent numbers of households and dwellings in future years, giving rise to outcomes which would not be observed in practice, particularly negative vacancies. (There is an identity relationship between households and dwellings, whereby the number of households must be equal to the number of dwellings, less vacancies and second homes, plus the number of sharing households minus the number of shared dwellings.) If household numbers are tending to exceed dwelling numbers, in the real world the outcome would not be negative vacancies but rather a combination of effects such as reduced household formation, reduced in-migration, and higher prices and rents. Similarly, if vacancies are tending to rise well above normal levels then the opposite will tend to happen to some extent, and more houses might end up being demolished. This is also an issue for other simulation models of the housing market (Bramley et al 2010, CLG 2008). In this sub-regional model, the feedbacks are applied to a wide range of variables, spreading the burden of housing market adjustment across a number of factors. This feedback is over and above the ‘normal’ adjustments which are built into the basic equations as estimated in the base period, when the market may not have been subject to such extreme strains as may arise in the future
  
The basic logic of the feedbacks is to assume that, if the imbalance (represented by vacancies derived from the difference between households and dwellings, adjusted for sharing and second homes) exceeds certain thresholds, then these additional feedbacks kick in. In the current version of the model the thresholds are set at vacancy levels of 4.0% and 6.0%, averaged over three years.  The size of the feedback effects are given in a series of controllable parameters; the chosen values are a judgement based on testing different values and studying the pattern of results, basically looking for values which ensure that the levels of excess vacancies do not get out of hand. Some negative vacancies can be envisaged – in practice these would take the form of additional households sharing or doubling up as concealed households, as reflected in the modelling of these types of backlog needs. These feedbacks from excess or deficient/negative vacancies impact on household formation (headship), especially for the younger and middle age groups, on in-migration, on new construction and on demolitions. House prices are not currently included, because the house price equation already has quite a strong relationship with the household-dwelling balance
. 
6.8  Properties of the baseline

Table 1 shows the basic assumptions and parameter values used in generating the baseline forecast. This is intended to represent a reasonable, realistic economic and demographic scenario, mainly reflecting past experience after the emergence from the current recession and credit rationing episode. 
Table 1: Assumed Values of Key Parameters

	Description of Parameter
	Baseline
Value
	Other
Values
	
	

	
	
	2008
	2009
	2010

	GVA  National trend (2017-)
	2.30
	-0.07
	-4.87
	2.14

	GVA  Gloucs
	2.30
	2011
	2012
	2013

	GVA general weighting National:Local
	0.70
	0.80
	-0.4
	1.40

	Job Growth relative to GVA growth % pts
	-1.60
	
	
	

	Lab Mkt Balance effect on Emp Rate
	0.50
	
	
	

	Lab Mkt Balance effect on Unemp Rate
	0.40
	
	
	

	Lab Mkt Balance effect on Commuting
	0.20
	
	
	

	GVA/capita effect on Earnings
	0.80
	
	
	

	Lab Mkt Balance effect on Earnings
	0.25
	
	
	

	Occup Mix Effect on Earnings
	0.25
	Low
	High
	

	Social output relative to past
	1.30
	1.00
	1.5
	

	Social output relative to private
	0.15
	0.10
	0.25
	

	Net Additions markup on completions
	1.15
	
	
	

	BTL growth factor in longer term % pa
	1.5%
	0.0%
	2.5%
	

	Vacancy Threshold for feedback – lower
	4.0%
	
	
	

	Vacancy Threshold for feedback – upper
	6.0%
	2011-
	Low
	High

	Planning Land Release rel to base period (Glouc)
	1.00
	
	0.62
	1.40

	Planning Land Release rel to base period (Adj & GA)
	1.00
	
	0.62
	1.40

	Planning Land Release rel to base period (Other)
	1.00
	
	0.62
	1.40

	
	
	2008
	2009
	2010

	Mortgage Interest Rate
	6.00
	6.90
	4.05
	3.96

	
	
	2011
	2012
	2013

	
	
	4.06
	4.22
	4.38

	
	
	2008
	2009
	2010

	Credit Rationing (shadow price)
	1.00
	1.28
	1.80
	1.80

	
	
	2011
	2012
	2013

	
	
	1.85
	1.85
	1.7

	
	
	
	
	

	
	
	
	
	


Table 2 shows some basic numbers from this baseline forecast, with new build completions and household growth expressed as five-year averages and median house prices shown in real terms. New build levels were quite low at c.150,000 in the 2000s (which is what concerned the Barker 2004 review), and, after a short-lived rise  to about 175,000 around 2007, have fallen sharply in the current recession. The model forecasts only a gradual recovery in output, with 2001 levels not exceeded until the period after 2016. Figure 1 shows the time trends in the broad regions, highlighting the severity of the slump in housebuilding between 2008 and 2013. In the later periods (2021-31), national output would be around 210-230,000 units per year, rather above previous period but below the aspirations of the previous government and the former NHPAU. This is also rather below the 1998-based official ‘household projections’ for England 233,000 for whole period 2008-33). It is noteworthy that new build rises very strongly in the South and London after 2016, whereas in the other regions it tends to flatline into the mid-2020s; this reflects both demand and an assumption that planned supply would increase more in the south, reflecting apparent need and pressure to some extent.. 
Table 2: Summary of House-building ouput, household growth and house price outcomes in baseline forecast for broad regions and England  2001-2031
	Variable
	Broad Region
	2001
	2007
	2011
	2016
	2021
	2031

	New Build
	England 
	151,628
	151,709
	131,538
	105,297
	180,385
	227,019

	No 5YA
	Gtr London+
	27,129
	23,391
	19,494
	15,434
	28,245
	39,206

	
	South
	49,958
	54,459
	51,142
	44,080
	75,227
	96,852

	
	Midlands
	34,560
	31,801
	28,352
	22,473
	37,144
	44,703

	 
	North
	39,981
	42,057
	32,551
	23,311
	39,769
	46,258

	
	
	
	
	
	
	
	

	Household
	England 
	120,306
	118,566
	168,887
	188,396
	246,631
	228,392

	Growth
	Gtr London+
	39,426
	19,755
	22,277
	25,556
	46,051
	39,762

	No 5YA
	South
	45,762
	44,845
	81,290
	60,424
	99,112
	102,875

	
	Midlands
	20,968
	28,480
	24,136
	39,097
	49,421
	38,618

	 
	North
	14,149
	25,486
	41,185
	63,319
	52,047
	47,137

	
	
	
	
	
	
	
	

	House Prices
	England 
	114,743
	186,196
	159,562
	196,843
	198,271
	219,826

	 £, real
	Gtr London+
	187,691
	275,440
	269,426
	366,288
	378,786
	432,176

	
	South
	115,582
	190,647
	160,928
	198,535
	199,695
	219,393

	
	Midlands
	85,013
	149,132
	133,198
	160,970
	158,022
	171,456

	 
	North
	67,674
	131,846
	113,414
	142,478
	145,757
	164,950


Figure 1: New Build Completions by Broad Region in Baseline 1998-2031
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It is interesting to compare the model’s forecast of household numbers with the official projections, although the published 2012-based projections are ‘interim’ and only run up to 2021, whereas the 2008-based projections ran to 2033.. In this baseline run, the model estimate/forecast of household growth was only 119,000 pa in 2002-2007, similar to the early 1990s but below the late 1990s and the interim 2012 estimate of 158,000, although it rises in the period 2006-11 to 169,000. However, all of these figures are well below the 2008-based projected long run growth of 233,000. The model suggests that conditions in the 2000s, with low supply and poor affordability, followed by the credit crunch and the recession, acted to suppress household formation. The interim 2012-based figures reflect this reality up to 2011 but anticipate a rise to 220,000 in the following decade. Our model suggests that this will not be achieved before 2016, but there will be some catch-up by 2021. In the later decade 2021-31 the model forecasts growth similar to the 2008-based projection and indeed similar to the level of new build. Comparisons between the new build and household numbers show that there is some relationship, nationally and regionally, with new building numbers. 
Table 2 also shows real house price outcomes at the selected dates. In all areas there was a very big upward hike in prices from 2001 to 2007. A fall in real terms is shown to 2011 and a little beyond, followed by a rather gradual recovery. For England as a whole, real prices just surpass 2007 levels by 2016. However, for the more pressured market of London prices are well above 2007 levels by then.  . Whereas London is forecast to have annual real price rises of 2.13% in the 25 years from 2006, the overall national figure is only 0.85% This suggests that the model is certainly capable of generating persistent price divergence driven by differences in economic and demographic pressures relative to supply, but this is most apparent for London.
Figure 2: Affordability to Buy by Broad Region in Baseline 2001-2031
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The model can generate various measures of affordability, including ratios of house prices to earnings or income, but the most useful measure is probably of the proportion of younger (under-40)  households able to afford a given home (2 bedroom) on the basis of income, adjusted for deposit requirements, as shown in Figure 2. This takes account of local income distributions and price structures in the base period, although it effectively assumes that these distributions do not change. Affordability in all areas fell steeply in the 2000s, with the steep fall in 2007-09 exacerbated by credit rationing effects. As these wear off, and with moderating prices, affordability recovers to the level of the mid-2000s for England , but to rather lower levels than 2007 in London and much of the South. In the later part of the forecast period affordability improves gradually somewhat, but not to the levels of the early 2000s. This suggests that the agenda associated with Barker (2004), of seeking increased supply to improve affordability, will remain relevant in the medium term future, particularly in the more pressured regions and sub-regions.
Underlying these housing market outcomes are the assumed and projected economic conditions over the forecast period. Figure 3 shows the trends in GVA per capita, with the effects of the extended recession clearly apparent. It also shows that London’s GVA soars away to a much higher level than the other regions, with the North and Midlands showing a very similar low trajectory. Figure 4 shows the unemployment rates generated by the model, taking account of independent forecasts in the initial post-recession period. Unemployment peaks around 2013 and then gradually falls over the rest of the forecast period, with persistently higher rates in the North, while London appears to fall to below the level of the South (a change from the past, when London rates were higher – how realistic this is may be debated.
Figure 3: Real GVA per capita by Broad Region in Baseline 1997-2031
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Figure 4: Unemployment Rate (ILO) by Broad Region in Baseline 1997-2031
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Figure 5 shows the levels of real market rents generated by the model for the broad regions. Here the story appears to be one of London, already much higher, shooting up strongly to 2016, while the other regions bunch closely and do not rise so sharply. There is current evidence of London rents moving ahead of the rest of the country, but the extent of the modelled increase in London may be questioned. 

Figure 5: Real Market Rents (2-bedroom) by Broad Region in Baseline 2000-2031
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Figure 6: Backlog Need Rates by Broad Region in Baseline 1997-2031
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Figure 6 presents a summary of the model predictions for backlog need levels by region. Here the story is one of needs rising strongly in all areas in the period from the early 2000s to around 2013, then falling off somewhat to the late 2010s, with a more gradual fall after that. This pattern reflects both the underlying estimates from the Bramley et al 2010 study, reinforced by the extended period of credit rationing and recession and the actual data revealed by the 2011 Census. London always has the highest level of need, as in the past, but shows a sharper peak in 2014-15. It then displays a distinctive oscillating downward trend. These oscillations are an example of the model properties discussed earlier, based on the combination of lagged adjustments, in a region with a very tight housing market where feedbacks from low and potentially negative vacancies and other market variables act more sharply. 

This point is further underlined by Figure 7, which tracks the vacancy indicator by region. In the forecast period vacancy rates tend to fall in all regions, but in all cases displaying an oscillating pattern
. This is particularly marked and significant for London, because the oscillations are in the zone of very low and sometimes negative rates, where the feedback effects are stronger. Although rates are highest in the North, these only approach the levels symptomatic of ‘low demand’ in the period around 2010. Leaving aside the oscillations, the tendency for vacancies to fall to low levels compared with past experience shows that, under baseline assumptions, the housing system is expected to be under considerable pressure , with household growth tending to outstrip supply 
Figure 7: Vacancy Rates by Broad Region in Baseline 1997-2031
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7. 
Scenario Impacts
The primary use of this model is not as a forecasting tool, as in the last section, but in order to test ‘what if?’ questions, particularly about varying plans/land allocations for new housing but also about the tenure and type of housing, and also about varying economic and financial conditions, and varying demographic trends. Selected scenarios are used to illustrate this potential, starting with changes in planned housing numbers for a particular area; then looking at affordability impacts across different groups of areas; at impacts on household growth; at the potential impact of ‘localisation’ of planning; then at economic and employment growth and its interaction with international migration; and lastly at the impact of affordable housing. This does not exhaust the possibilities offered by the model – for example it is also possible to explore variations in the size and type of new housing, regional economic convergence/divergence, credit availability and Buy to Let. 
In this section we report results from runs of the model, focusing on the national picture for England and on certain geographical areas or groupings of areas of special interest. These areas are
- Greater London+, which following the HMA definition extends somewhat beyond the boundaries of the administrative GLA area to encompass parts of what were formerly known as the ‘Outer Metropolitan Area’ in Surrey, Berkshire, Buckinghamshire and Hertfordshire.
- Growth Areas, a selection of areas in the wider South East/East region, forming an arc from NNE to W around London at a distance of 50-100km, which have been identified through previous policy, planning and actual growth performance as zones of high growth potential (Milton Keynes-Luton-Watford; Greater Reading; Bedford; North Herts-Stevenage-Hatfield; Greater Oxford; West Northants; Greater Cambridge). 
-  Bristol-WoE, the largest city of the South West and is associated functional region (‘West of England’), including the smaller city-region of Bath and its hinterland
-  Gloucestershire, a county of attractive rural areas and two medium sized towns lying to the north of Bristol-Bath, which comprises two-and-half HMAs in our national system.
- Dudley-Sandwell, an urban industrial area in the West Midlands characterised by relatively low demand and growth 
These areas were selected, partly because two of them had commissioned research from the authors, and partly because they represent the areas within England where pressures on the housing market are most acute, and also to varying degrees areas which offer the most obvious opportunities to build more housing in a way which would improve affordability, reduce need and at the same time support economic growth most effectively. One lower demand area is included for comparative purposes, as reported in section 8. 
7.1  Tracing supply impacts for particular sub-regions
The model is primarily designed, not for generating a central forecast, but for assessing the impacts of different future scenarios on housing market outcomes, particularly scenarios for land-use planning and housing supply. Perhaps the best way of appreciating the nature of these impacts, including the possible complexity of second-order effects, is to trace the impact of a supply change in a particular HMA, or group of HMAs, through a range of variables over time. Table 3 presents such a case study, taking a group of adjacent sub-regions in the South West of England, Gloucestershire and Bristol-West of England
.  
The first pair of rows shows the percentage increase in new planning permissions (flow per annum) granted in these areas and in the immediately adjacent HMAs in England, esssentially a 40% increase after 2011. The second pair of rows shows the impact in terms of annual flow of new build completions (private and social together). This illustrates an important finding; not only does new build output take time to build up (lagged response) but also it never proportionately matches the land release – 40-45% takeup after a 5 year timelag is typical. This finding is consistent with earlier work using this kind of supply model (e.g. Bramley & Leishman 2005, Bramley & Watkins 2008), and may be regarded as form of ‘implementation gap’ (Bramley 1993). The impact also fades somewhat in percentage terms at the end of the forecast. 
This change in supply has direct and indirect effects on ‘demographic’ factors. In-migration increases progressively, although the scale of the increase is modest Also worthy of note is that out-migration increases as well, as greater housing supply promotes more housing turnover and moves, for example from towns to suburban areas. Therefore the net migration gains are smaller, expecially early on for Gloucestershire. Household formation is also affected, as is illustrated by the headship rates for 25-59 year olds which increase somewhat later in the period, particularly in Bristol-WoE. The overall effect is that the annual growth rate in households increases, not much at first but more markedly later in the forecast period. These household growth increases may be compared with the new build increases, lagging at first but eventually catching up to a similar order of magnitude. This demographic responsiveness represents a fundamental difference between this kind of economic model and conventional use of household projections. We report below on more systematic results in terms of demographic responses to supply. 
Table 3: Case study of impact of supply increase impacts for sub-regional grouping
	Variable
	Area
	2011
	2016
	2021
	2031

	Planning Perm's
	Bristol-WoE
	40.0%
	40.0%
	40.0%
	40.0%

	Flow
	Glo'shire
	40.0%
	40.0%
	40.0%
	40.0%

	
	
	
	
	
	

	New Build
	Bristol-WoE
	0.0%
	15.7%
	15.4%
	11.9%

	Completions
	Glo'shire
	0.0%
	18.1%
	18.2%
	15.5%

	
	
	
	
	
	

	In-migration
	Bristol-WoE
	0.0%
	0.7%
	1.2%
	3.5%

	
	Glo'shire
	0.0%
	0.7%
	1.2%
	3.9%

	
	
	
	
	
	

	Out-migration
	Bristol-WoE
	0.0%
	0.8%
	1.2%
	2.0%

	
	Glo'shire
	0.0%
	1.0%
	1.6%
	2.7%

	
	
	
	
	
	

	Headship
	Bristol-WoE
	0.0%
	0.1%
	0.5%
	0.4%

	 aged 25-59
	Glo'shire
	0.0%
	0.1%
	0.4%
	0.3%

	
	
	
	
	
	

	Household 
	Bristol-WoE
	0.0%
	3.2%
	10.6%
	11.0%

	Growth
	Glo'shire
	0.0%
	2.9%
	12.7%
	14.3%

	
	
	
	
	
	

	Unemployment
	Bristol-WoE
	0.0%
	0.1%
	1.2%
	12.1%

	
	Glo'shire
	0.0%
	0.1%
	1.3%
	10.9%

	
	
	
	
	
	

	Commuting
	Bristol-WoE
	0.0%
	0.1%
	1.8%
	10.7%

	 (outward)
	Glo'shire
	0.0%
	0.1%
	1.3%
	7.2%

	
	
	
	
	
	

	Households/
	Bristol-WoE
	0.0%
	-0.2%
	-0.4%
	-0.6%

	 dwellings
	Glo'shire
	0.0%
	-0.3%
	-0.4%
	-0.7%

	
	
	
	
	
	

	Relative House
	Bristol-WoE
	0.0%
	-0.4%
	-1.4%
	-3.4%

	 Price
	Glo'shire
	0.0%
	-0.5%
	-1.6%
	-3.8%

	
	
	
	
	
	

	Social Lettings
	Bristol-WoE
	0.0%
	0.5%
	6.7%
	17.1%

	
	Glo'shire
	0.0%
	-0.2%
	6.8%
	16.1%

	
	
	
	
	
	

	Affordability
	Bristol-WoE
	0.0%
	0.6%
	1.7%
	0.5%

	 
	Glo'shire
	0.0%
	0.6%
	1.8%
	2.5%


Although economic output is exogenous in this version of the model, there are still some passive consequential changes in unemployment via labour supply effects. Higher supply  would increase unemployment slightly,  more so in Bristol-WoE but also in Gloucestershire. Similarly, there would be some changes in the number or proportion of out-commuters, which would tend to rise, more noticeably for Bristol-WoE. These effects are what would be expected from a housing supply led change. However, if economic growth responded in any way to housing supply changes, then these effects would be attenuated.
The ratio of households to dwellings provides a measure of housing system (im)balance which the model is responsive to, both through a (related) term in the price equation and through the thresholded feedback effects from vacancies. As expected, greater supply reduces the ratio of households to dwellings by moderate amounts relative to the baseline, with more noticeable effects after 2021. The higher supply scenario also has a noticeable impact on the availability of social lettings, particularly later on, partly directly through additions to social stock and partly indirectly through affordability effects. 
The overall impact of this scenario on house prices (relative to national) is shown as a reduction of rather over 0.5% in 2016, 1.5% in 2021 and around 3.6% by 2031. This price effect reflects not just the balance of households/population to dwellings but also spatial price interaction effects from adjacent areas also increasing supply, flow supply and vacancy effects, and second order effects including via unemployment and tenure. Nevertheless, the overall impression is of relatively low impacts of supply on price and quite a slow buildup, as in the comparable  CLG-Reading model. The affordability impacts are generally similar to the price impacts, but with some deviations in particular years. By 2021 affordability would be 1.7-1.8%% better in these two areas, but by 2031 there is a divergence with Gloucestershire benefiting more (2.5%) than Bristol-WoE (0.5%). 

These results are  fairly consistent with the CLG-Reading Affordability model and with some versions of the Bramley-Leishman (2005) model and its derivatives (Bramley & Watkins 2008), at least in the direction of effects. The former shows affordability responses with respect to new build output changes of -0.06 in 2016 and -0.20 in 2021 for a national increase in supply, weighted towards the south. The latter shows equivalent elasticities for increases in the south east growth areas of -0.10 in 2016 and 2021 and -0.13 in 2026.  This new subregional model shows (positive) elasticities of affordability (ability to buy) with respect to supply change in this South West scenario of 0.03-0.04 in 2016, -0.10-0.11 in 2021 and 0.04-0.16 in 2031. Generally these indicate similar responsiveness in this new model to those in the earlier models. The new model shares with the CLG-Reading model the characteristic of affordability impacts building up progressively over time, thanks to the important role of stock terms in the model, although this does not seem to apply in all areas. These findings are also consistent with some of the international literature, which argues that more restrictive planning regulation or land supply pushes up prices. 
These model results, which are fairly typical, do however underline a fundamental problem with trying to use the planning system to tackle general market affordability issues. Quite large increases in the release of land for development lead to quite small impacts on general market affordability, even in the medium to longer term. This makes it difficult to motivate local decision-makers, even where they can agree to cooperate in adjacent sub-regions, to increase general levels of land release. These decision-makers may well take the view that it would be more productive to use their planning powers to increase the proportion of specifically affordable housing products, instead of or alongside increasing the general land release. We report below on such scenarios. Another response to these findings may be to seek our more proactive mechanisms for delivering new housing output in line with planned levels and to a tighter timescale, for example using development corporation or joint venture delivery vehicles. 
Table 3 shows the buildup of impact from supply on affordability over time for a given area. It is also interesting to study the marginal impact of different levels of extra supply for a given area at a given time horizon. Figure 8 illustrates this for Gloucestershire by comparing four scenarios ranging from ‘low’ through baseline to ‘high’ and ‘very high’ levels of land release and output. Percentage differences in output on the horizontal axis are related to percentage increases in affordability on the vertical. There is a relatively shallow upward slope on this relationship – even ‘very high’ local output (44% higher in 2021) will only improve affordability by 3.0% at that date. Figure 8: Affordability and New Build – Gloucestershire and Context, 2021
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However, this figure also illustrates an additional dimension to the problem. If it is only Gloucestershire which increases output, the affordability response function is very shallow as shown. If other adjacent areas (including  Bristol-WoE) make a similar increase, the affordability benefit for Gloucestershire increases  to about 4.4%, versus the 3.0% for the ‘go it alone’ strategy. If all England increases output, the benefit does not appear to rise further. These possibilities are illustrated in the Figure by the lines which slope upward a bit more more steeply. 
This pattern of benefits from additional planned housing could give rise to ‘prisoners’ dilemma’ type games; cooperation yields a greater payoff, but can one local authority (or group of authorities) rely on other authorities to cooperate? 

7.2  Supply impacts at different spatial scales
A more generalised presentation of the interdependence of one area’s strategy outcomes and the strategies of other (expecially nearby) areas is given in Figure 9. The first group of bars show moderately low output scenarios, but varying according to whether it is just Gloucestershire which is lowering output or whether successive groups of other areas also lower output, ranging from the immediately adjacent subregions through growth and southern areas more generally to the whole country. The second group show moderately higher output effects on the same basis, while the third group show ‘very high’ output effects. The three differently shaded bars for each case represent the different target years. Generally, affordability impacts are greater after 2021, greater for more output increase, and greater where other nearby areas share in the increment to output. For Gloucestershire, it is clearly good to encourage neighbouring HMAs to increase output. Gloucestershire gets less extra benefit from increases in the South East growth areas, but little further benefits from a wider increase across the south or the whole of England.
Figure 9: Affordability Impacts of Supply Changes – Gloucestershire and Contextual Scenarios
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Note: Gloucs= ‘Gloucestershire’;  WoE=’West of England’ i.e. Greater Bristol and Bath;  ‘Adj’=’Adjacent HMAs’ ; SEGAS=’South East Growth Areas’
The exemplification and quantification of these housing market spillover effects and interdependencies is of particular interest in the context of the new localized planning regime and the duty to cooperate. Another very important example is the relationship between London, and its surrounding region, particularly the ‘growth areas’ of the south east but also the wider southern regions as a whole. Table 4 shows the affordability outcomes for Greater London (as defined for HMA purposes), the most pressurised HMA in the system and the area with generally the highest levels of housing need, as shown earlier in this article. Unsurprisingly, increases in supply in Gloucestershire and the South West cluster do not have much impact on London, although there is still generally a measurable impact after 20 years. Most significantly, what happens in the growth areas and the rest of the south has a big impact on London’s affordability outcomes, even when London’s output is unchanged (third and fourth rows). Moderate reductions in supply in these areas would worsen London’s affordability by between 0.5% and 0.9% in 2021 and up to 2.6% in 2031; moderate increases in supply could raise London’s affordability by 0.5% to 0.9% in 2021 and up to 2.6% in 2031; ‘very high’ increases in supply (about 35%) in these areas would raise London’s affordability by 1.3% to 1.9% in 2021 and by up to 4.7% in 2031. These effects are either similar in scale or larger than the effects of London alone changing its supply by a similar amount, as shown in the last row of each block. Clearly the largest impact is achieved when London and all the other areas change supply together, as shown in the penultimate row in each block. 

Commentators with an awareness of regional planning issues have long known of the role of the wider South East in relieving housing pressure in London, but it is interesting to see a demonstration of this through this model, when using the affordability outcome criterion. 
Table 4: Affordability Impacts of Supply Scenarios on London
(percent difference from baseline)
	Scenario
	2016
	2021
	2031

	Gloucs only low
	0.0%
	0.0%
	-0.1%

	Glouc, WoE & Adj Low
	0.0%
	0.0%
	-0.1%

	G, WoE, Adj & SEGAS low
	-0.1%
	-0.5%
	-0.5%

	All South Low
	-0.1%
	-0.9%
	-2.7%

	All England Low
	-0.5%
	-1.5%
	-3.1%

	London only Low
	-0.4%
	-0.8%
	-0.6%

	
	
	
	

	Gloucs only High
	0.0%
	0.0%
	0.1%

	Gl, WoE, Adj High
	0.0%
	0.0%
	0.2%

	Gl, WoE, Adj & SEGAS High
	0.1%
	0.5%
	0.5%

	All South High
	0.1%
	0.9%
	2.6%

	All England High
	0.5%
	1.5%
	2.8%

	London only High
	0.4%
	0.8%
	0.6%

	
	
	
	

	Gloucs only v high
	0.0%
	0.0%
	0.1%

	Gl, WoE, Adj V High
	0.0%
	0.0%
	0.4%

	Gl, WoE, Adj, SEGAS V High
	0.2%
	1.3%
	1.3%

	All South V High
	0.3%
	1.9%
	4.7%

	All England V High 
	1.0%
	3.0%
	4.7%

	London only V High
	1.0%
	1.9%
	1.5%


Note: Gloucs= ‘Gloucestershire’;  WoE=’West of England’ i.e. Greater Bristol and Bath;  ‘Adj’=’Adjacent HMAs’ ; SEGAS=’South East Growth Areas’; ‘All South’ excludes London.
7.3  Endogenous demographic impacts
Planners generally have a familiarity with population and household projections, which have traditionally played a major role in forward planning for housing. Almost invariably these numbers are derived from extrapolative demographic projections, whether the official versions or local variants incorporating different assumptions. While they may sometimes speculate about the interaction of these numbers with economic and market conditions, and with housing supply, they have rarely had available any tools to make any such adjustments other than by pure judgement. The model described here enables direct quantification of such effects, and thereby would enable such judgements to become more ‘evidence-based’. One of the concerns about local planners deviating from official projections is that their figures may become inconsistent with wider national numbers that represent hard constraints – the people have to live somewhere. A strong benefit of this model is that it is modelling a national system so that local numbers, contingent on differing local economic or supply assumptions, are still consistent with national numbers that are themselves reasonable and, in the baseline, consistent with official projections. 
It is particularly interesting to use the model to demonstrate the extent and nature of the phenomenon of ‘circularity’ discussed in previous debates and literature, particularly the feedback from supply to household growth. Figure 10 shows the modelled impacts on household growth per unit of supply change, for a number of areas under different reduction or increase scenarios. For example, the first set of bars shows a moderate increase in supply in Gloucestershire-only on Gloucestershire. In the first period (to 2016) household numbers reduce by 28 for every 100 less new build units. However, in the second period this jumps to 91. By the fourth period (2027-31) this has fallen back to 67. This picture is fairly consistent across the areas selected and for both reductions and increases. For example, West of England would see figures of 28, 97 and 77 for reductions and 28, 99 and 73 for increases. South East growth areas would see 27, 88 and 84 for reductions and 28, 90 and 75 for increases. These figures would be slightly less were the supply changes to apply across the whole of the South, because of competition with other areas. The figures for all England would be rather lower, but still pretty substantial (19, 74, 71 and 19, 73 and 80); in this case all the work would be being done by household formation rather than by migration. The London ‘very high’ scenario shows particularly high figures of 38, 97 and 76, because of London’s strong migration relationship with the rest of the country. 
Figure 10: Household growth response to new build at different spatial scales 
(household growth change as proportion of supply change, five year averages)
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The last block in Figure 10 shows the effect of increasing social/affordable housing supply. This shows interestingly a particularly strong early impact (137), falling to lower levels later (53 and 33). Social/affordable housing has a stronger immediate effect on household formation. 

We can actually partition the effect on household growth between that due to net household formation changes and that due to migration. The share of household growth impact due to net household formation is shown, for the same scenarios, in Table 5. There is more variation between the areas here. Gloucestershire (a relatively small area) shows a small household formation component in the first period (21%), a larger component in the second period (78%), falling away to a very small share in the final period (2%). The remainder is attributable to migration, generally a more important factor for smaller areas (but also for very open areas, like London). For West of England (Bristol-Bath), the household formation effect is much greater in the first period, dominant in the second period, but it too falls away to a negligible level by the end. The South East growth areas occupy an intermediate position, with household formation accounting for 41%, 77% and 10%. For these areas, if supply also changes in the surrounding areas, the household formation effect becomes relatively larger, as these wider areas compete for the migrants. 
For all of England, almost all of the effects are through household formation, because of course migration is self-balancing at this level. This also applies with the scenario of more affordable housing. London is rather peculiar and extreme. In the first and last periods, the net household formation effect is negative. This implies that migration responds in such a strong fashion that it crowds out household formation in some periods – while this is a conceivable scenario, this may also indicate a degree of oversensitivity of the migration models.. 

Table 5: Share of change in household growth attributable to net household formation
	Scenario
	2016
	2021
	2031

	Gloucs only low
	0.21
	0.78
	0.02

	Glouc, WoE & Adj Low
	0.88
	0.95
	0.03

	G, WoE, Adj & SEGAS low
	0.41
	0.77
	0.10

	All South Low
	0.59
	0.81
	0.14

	All England Low
	0.98
	0.99
	0.98

	
	
	
	

	Gloucs only High
	0.24
	0.78
	0.06

	Gl, WoE, Adj High
	0.93
	0.92
	0.03

	Gl, WoE, Adj & SEGAS High
	0.45
	0.77
	-0.03

	All South High
	0.63
	0.81
	0.02

	All England High
	0.98
	0.99
	0.98

	
	
	
	

	London V High
	-0.34
	0.50
	-0.37

	
	
	
	

	More SR (AH)
	0.99
	0.98
	0.97


Note: Gloucs= ‘Gloucestershire’;  WoE=’West of England’ i.e. Greater Bristol and Bath;  ‘Adj’=’Adjacent HMAs’ ; SEGAS=’South East Growth Areas’; ‘All South’ excludes London.
These results confirm that household growth is indeed very responsive to housing supply, and that these outcomes reflect both migration and household formation, with the former more important in smaller and/or more open sub-regions and more important in the initial period and again in the long run. 
7.4  Potential impacts of ‘localisation’ and ‘incentives’
The most important single change in the planning regime in England after 2010 was to remove top-down regional guidance and to leave housing numbers to be determined by local authorities through their Local Plan Core Strategy. Clearly, the impact of such a change is very uncertain and may depend on very localised factors which cannot be systematically modelled, as well as the uncertain impact of other changes including the ‘Presumption in favour of sustainable development’, the ways in which planning inspectors interpret ‘evidence’ of need,  and the effect of financial incentives. Nevertheless, it is possible to make some predictions of the general direction of effects for different types of authority in different regions, and to at least have a stab at the magnitude. 
The basis for these predictions is a separate piece of work undertaken using evidence from the British Social Attitudes Survey carried out in 2010, which asked respondents for their attitude to new housing development in their area (degrees of support or opposition) and also for how this attitude might be modified if a range of additional local amenities or benefits could be delivered as an accompaniment to the additional housing. Making moderate assumptions about the likely additional benefits, we derive contingent support indicators, which can then be modelled in a two stage process. The first stage uses logistic regression on the micro BSAS data to derived a set of predictors of support; these predictors are then matched with equivalent variables available at LA level to generate predictions of proportions of adult residents likely to support development. The variables used here include the usual range of socio-demographics, but also party affiliation (matched to local voting data from the 2010 General Election) and other area-based measures of area characteristics (which were also attached to BSAS). This analysis is described in more detail in Bramley (2012) and Matthews et al (forthcoming). 
The predicted majority for or against development (‘sentiment’) at LA district level is compared with existing planning stance (based on analysis reported in Bramley & Watkins forthcoming), and if there is a significant discrepancy it is assumed that there is a policy switch, upwards or downwards. These changes are then aggregated up to HMA level for use in a particular run of the sub-regional simulation model, and applied to the flow of new planning permissions. In general, the pattern of changes induced by predicted local sentiment is for reductions to be much more common in the south, including outer London and other more suburban areas, and for increases to be less common overall but more common  in the north, in more urban centres and in deeper rural areas. It should be noted that the changes in planning numbers predicted by this exercise are quite similar to those reported by Tetlow King (2012) in their survey of actual changes in local plan numbers, 2010-12, for all regions outside London. 
Figure 11 presents the results of applying these changes within the simulation model, in terms of two outcomes (new build and affordability) for the ten English regions as at 2021. New build output rises in the North East, North West, East and West Midlands, while falling in Yorkshire & Humber, South West, East and South East, and to a modest degree in London. The largest fall is in the South East (-13.2% in 2021). The 2031 changes are relatively similar to those for 2021. Household growth changes in a somewhat similar way, although with some deviations; for example it still falls in the northern regions, particularly in 2021, while taking time to build up in the midlands. The South East still sees substantial falls in household growth of 8.5% in 2021 and 6.8% in 2031. 

The affordability outcomes are smaller, as expected from our earlier reported sensitivities, but still showing a clear north-south pattern. Affordability improves slightly in the north and midlands, except in Yorkshire & Humber, while worsening in the south, especially in the South East but also in London. In other words, localisation is likely to lead to an exacerbation in the regional imbalance in terms of housing supply and affordability. The direction of these effects is something we can be fairly confident about; the magnitude perhaps rather less so. 
Figure 11: Predicted Impact of ‘Localisation’ of Planning Decisions on New Build, and Affordability by Region in 2021, based on modelled sentiment assuming modest incentives.
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7.5  Economy and labour market interactions
The model is designed to enable users to test the sensitivity of housing outcomes to different assumptions about future economic growth. We illustrate this first by considering two scenarios for higher economic growth, the first applied to just one area (Gloucestershire) and the second applied to the whole of England, in both instances applying an increase of 0.3% points to GVA growth after the current recession. Table 6 shows the impact on four outcomes, new build, household growth, unemployment and affordability to buy. 
The Gloucestershire-only scenario as expected has generally larger impact on Gloucestershire with relatively small impacts on other areas, although slightly greater in some cases for adjacent West of England. Higher growth would raise housebuilding output, but mainly later on in the period. It would have a larger earlier impact on household growth, due to higher household formation (but not net migration). Unemployment would fall substantially in Gloucestershire (e.g. by 17-20% from 2021-31). However, affordability would only improve temporarily, and by the end of the period it would be worse by 2.8%. This reflects a rise in relative prices of about 6% in Gloucestershire. 
The all England higher growth scenario has positive effects across the whole country. New build would rise at the end of the period, but by varying amounts. Household growth would rise by around 2% in 2016, less in 2021, but by 7% in 2031, with a particularly large rise in London (15%), but relatively little in SE growth areas and West of England. Unemployment would fall by 6% by 2021 and 21% by 2031, but West of England would not share in the latter benefit. Affordability would improve slightly by 2021 (0.8%) rising to 2.5% improvement in 2031, but again Gloucestershire would not share in this benefit. 

Table 6: Higher Economic Growth Scenarios for Gloucestershire and All England: impact on selected outcomes 2016-31
	
	
	Scenario 1
	
	Scenario 2
	

	Outcome
	Area
	Gloucs only high GVA
	All England high GVA

	 
	 
	2016
	2021
	2031
	2016
	2021
	2031

	New Build
	England
	0.0%
	0.1%
	0.2%
	-0.1%
	0.6%
	2.5%

	No 5YA
	Gtr London+
	0.0%
	0.0%
	0.0%
	-0.2%
	0.6%
	4.5%

	
	Growth Areas
	0.0%
	-0.1%
	-0.3%
	-0.2%
	0.6%
	3.1%

	
	Bristol-Woe
	0.0%
	-0.2%
	-1.2%
	-0.2%
	0.6%
	4.3%

	
	Glo'shire
	0.5%
	4.0%
	15.8%
	0.0%
	1.8%
	9.9%

	
	
	
	
	
	
	
	

	Household
	England
	0.1%
	0.0%
	0.1%
	1.8%
	0.3%
	7.1%

	Growth
	Gtr London+
	-0.1%
	-0.1%
	-0.1%
	2.8%
	0.3%
	15.4%

	No 5YA
	Growth Areas
	-0.1%
	-0.1%
	-0.4%
	1.9%
	0.9%
	-0.8%

	
	Bristol-Woe
	-0.2%
	-0.7%
	-1.9%
	1.9%
	0.6%
	-1.8%

	
	Glo'shire
	8.0%
	9.2%
	13.4%
	4.1%
	4.3%
	5.6%

	
	
	
	
	
	
	
	

	Unemploy-
	England
	-0.2%
	-0.4%
	-0.8%
	-0.6%
	-6.2%
	-20.6%

	 ment %
	Gtr London+
	0.0%
	-0.1%
	-0.4%
	-0.6%
	-7.2%
	-12.8%

	
	Growth Areas
	0.0%
	-0.1%
	-0.3%
	-0.7%
	-8.6%
	-12.3%

	
	Bristol-Woe
	0.0%
	-0.3%
	-3.5%
	-0.7%
	-8.6%
	-2.0%

	
	Glo'shire
	-6.9%
	-16.7%
	-20.2%
	-2.8%
	-13.2%
	-21.2%

	
	
	
	
	
	
	
	

	Able to 
	England
	0.0%
	0.1%
	0.1%
	0.0%
	0.8%
	2.5%

	 Buy %
	Gtr London+
	0.0%
	0.1%
	0.1%
	0.0%
	0.7%
	2.2%

	 <40 2B
	Growth Areas
	0.0%
	0.0%
	0.1%
	0.0%
	0.6%
	2.3%

	(wlth adj)
	Bristol-Woe
	0.0%
	-0.4%
	0.0%
	0.0%
	0.7%
	1.8%

	 
	Glo'shire
	0.3%
	0.0%
	-2.8%
	0.1%
	0.5%
	-0.4%


There is considerable interest in and controversy surrounding levels of net international in-migration in England at the moment, but some of the arguments revolve around the connections between migration, economic growth and employment. Greater international migration may enable a higher rate of growth to be achieved, suggesting that there are tradeoffs involved with migration policy, although there are also doubts about how far policy can affect migration given EU commitments. The model can enable some exploration of these issues, particularly their interactions with housing. Table 7 looks a the same outcomes and areas as Table 6, but this time comparing a scenario of higher international migration (20% higher gross inflows) with one where this is combined with 0.5% points higher GVA growth. 
Higher migration alone would see somewhat higher housebuilding, particularly later on, but again the impacts on household growth would be larger and would impact earlier (5.7% higher in 2021, 10.5% higher in 2031). All areas would be affected, but with the biggest impact on London. Unemployment would rise, as feared by the critics of migration, with 3.7% higher levels in 2021 and 9% higher in 2031, but noticeably larger impacts in London and West of England. Affordability would deteriorate across the period, with a 2% worsening in 2021 (4.2% in London) – we would also expect to see greater housing need in this scenario. 
If the higher migration were accompanied by higher growth (0.5% points higher), then the outcomes would differ quite a lot. New build would be much higher by the end of the period (nearly 10%, and higher in the selected southern areas). Household growth would also be higher still in the later period, by 23% in England and a staggering 43% in London. Instead of rising unemployment would fall by 7% in 2021 and 26% in 2031. Affordability would not deteriorate so much, although it would still be slightly worse in all areas up to 2021, with slight improvement (1.3%) in England by 2031. 

Table 7: Higher International Migration Scenarios without and with Higher Economic Growth: impact on selected outcomes 2016-31
	
	
	Scenario 1
	
	Scenario 2
	

	Outcome
	Area
	High Int Migrn 
	
	High Int Migrn & High Growth

	 
	 
	2016
	2021
	2031
	2016
	2021
	2031

	New Build
	England
	0.6%
	2.2%
	5.1%
	0.5%
	3.2%
	9.5%

	No 5YA
	Gtr London+
	1.9%
	4.1%
	6.5%
	1.6%
	5.1%
	13.9%

	
	Growth Areas
	1.1%
	3.1%
	5.5%
	0.8%
	4.1%
	11.2%

	
	Bristol-Woe
	1.0%
	2.6%
	4.0%
	0.8%
	3.6%
	11.1%

	
	Glo'shire
	0.6%
	2.2%
	4.5%
	0.6%
	5.2%
	21.6%

	
	
	
	
	
	
	
	

	Household
	England
	3.4%
	5.7%
	10.5%
	6.5%
	6.0%
	22.7%

	Growth
	Gtr London+
	4.6%
	8.0%
	18.3%
	9.3%
	8.2%
	43.3%

	No 5YA
	Growth Areas
	3.5%
	4.3%
	13.2%
	6.8%
	5.7%
	15.3%

	
	Bristol-Woe
	3.0%
	4.5%
	5.5%
	6.2%
	5.5%
	8.3%

	
	Glo'shire
	3.0%
	4.0%
	6.1%
	9.8%
	11.3%
	8.1%

	
	
	
	
	
	
	
	

	Unemploy-
	England
	1.4%
	3.7%
	9.0%
	0.5%
	-6.7%
	-25.9%

	 ment %
	Gtr London+
	3.8%
	8.5%
	27.2%
	2.9%
	-3.6%
	-12.8%

	
	Growth Areas
	3.5%
	8.4%
	13.4%
	2.3%
	-5.9%
	-14.7%

	
	Bristol-Woe
	3.1%
	7.4%
	25.7%
	1.9%
	-6.9%
	-2.0%

	
	Glo'shire
	2.0%
	5.1%
	15.8%
	-2.7%
	-17.0%
	-20.6%

	
	
	
	
	
	
	
	

	Able to 
	England
	-1.0%
	-2.0%
	-2.8%
	-1.0%
	-0.6%
	1.3%

	 Buy %
	Gtr London+
	-2.5%
	-4.2%
	-3.2%
	-2.4%
	-3.0%
	0.0%

	 <40 2B
	Growth Areas
	-1.7%
	-3.1%
	-2.6%
	-1.7%
	-2.1%
	1.2%

	(wlth adj)
	Bristol-Woe
	-1.7%
	-3.0%
	-3.9%
	-1.7%
	-1.8%
	-1.2%

	 
	Glo'shire
	-1.0%
	-1.9%
	-2.0%
	-0.8%
	-1.0%
	-1.6%


The model has an experimental facility to enable some feedback from household and income growth in surrounding regions to economic growth in a particular sub-region – based on the market potential concept. Switching this parameter on has modest effects on outcomes overall, but more marked impacts on London and the South East growth areas (compare with Fingleton 2008). These areas would then see more new build activity later on, higher relative prices and price-earnings ratios, with London and West of England having worse affordability at the end of the period. Household growth would rise in London and the growth areas up to 2021 but fall at the end of the period. 
Overall, the results from this set of scenarios show that economic growth has an ambiguous relationship with housing affordability and need. The direct positive effects of higher employment and incomes, and indirect effects through new housebuilding, may be offset by the induced household formation and higher prices. They also remind us that, while higher international migration would place extra pressure on the housing system, it would also be likely to be accompanied by higher economic growth. 
7.6  Affordable housing targets

Much of the focus of local work on SHMAs tends to be concerned with the planning policy targets for affordable housing, generally expressed as a proportion of all new build. The model produces estimates of different components of need – newly arising need for affordable housing among new households and migrants, and backlogs of households with existing needs – as well as of the supply of affordable housing lettings (relets and new supply), which can be used for this purpose. These numbers can be estimated for future years under different scenarios for general supply and for specifically affordable supply. 
If new affordable housing supply is increased, this will enable more households in need to get housing directly, but there will also be a progressive indirect benefit from increased affordable stock and relets. While this may be expected to impact in a favourable fashion on backlogs of unmet need, progressively over time, there are other indirect impacts which complicate the picture. The model for new private housing supply implies that extra affordable completions will actually have an effect in terms of increasing private completions as well, for reasons discussed earlier in section 5. Both types of additional housing supply will have an effect on new household formation and household growth. Paradoxically, this may have the effect of increasing newly arising need and weakening the effect on backlog need. These effects are illustrated by the scenario summarised in Table 10, for the same set of areas. 

A general increase across the country in affordable housing, effectively amounting to a 20% increase in the affordable ‘quota’, is shown to have only a modest impact in terms of reducing backlog need, which falls by 2.4% in 2021 and 3.1% in 2031. It is possible that the models for backlog need understate this impact. Gross new affordable need does not change much initially, but tends to rise up to 2021, especially in London and growth areas. It only falls back into slightly negative territory by the end of the forecasting period in 2031. The reason for this is primarily that extra household formation is induced, and this effect is most  noticeable in the middle period, around 2016-21. The main positive impact of these higher affordable quotas is through the supply of lettings, which grow progressively to be 17.8% higher by 2021 (but much more in London and the growth areas), and nearly 33% higher by 2031. So the typical situation in terms of net need would be an initial improvement, as supply moves ahead of gross need, then some falling back as gross need rises with household formation, then later on a substantial improvement as affordable supply grows strongly while gross need falls back. 
Table 10: Impact of higher affordable housing quotas on needs, social lettings and household growth 
	Variable
	Broad Region
	2011
	2016
	2021
	2031

	Afford Hsg 
	England
	12.8%
	20.7%
	19.7%
	21.1%

	 Quota %
	Gtr London+
	13.5%
	16.1%
	21.4%
	17.1%

	
	Growth Areas
	14.8%
	20.4%
	19.0%
	20.4%

	
	Bristol-Woe
	13.1%
	20.5%
	18.8%
	20.2%

	
	Glo'shire
	0.0%
	12.3%
	19.3%
	20.4%

	
	
	
	
	
	

	Backlog 
	England
	-1.4%
	-1.0%
	-2.4%
	-3.1%

	Need  No.
	Gtr London+
	0.4%
	-0.6%
	-2.5%
	0.0%

	
	Growth Areas
	0.6%
	-0.3%
	-2.7%
	-1.3%

	
	Bristol-Woe
	0.1%
	-0.2%
	-1.9%
	-0.9%

	
	Glo'shire
	0.0%
	-0.8%
	-1.7%
	-1.8%

	
	
	
	
	
	

	Gross Annual
	England
	0.8%
	5.3%
	11.0%
	-0.3%

	 Need 
	Gtr London+
	1.1%
	3.9%
	31.4%
	-2.2%

	
	Growth Areas
	0.3%
	3.3%
	26.3%
	-4.0%

	
	Bristol-Woe
	1.3%
	3.7%
	12.5%
	-1.9%

	
	Glo'shire
	-0.3%
	2.1%
	2.9%
	0.0%

	
	
	
	
	
	

	Social Lettings
	England
	6.6%
	11.0%
	17.8%
	32.8%

	
	Gtr London+
	10.6%
	24.9%
	37.4%
	54.3%

	
	Growth Areas
	13.4%
	29.5%
	48.7%
	46.8%

	
	Bristol-Woe
	9.4%
	15.7%
	23.9%
	41.6%

	
	Glo'shire
	0.0%
	8.6%
	18.2%
	33.4%

	
	
	
	
	
	

	Household
	England
	2.1%
	8.6%
	4.9%
	2.7%

	 Growth
	Gtr London+
	4.5%
	16.6%
	9.1%
	-0.3%

	
	Growth Areas
	2.1%
	13.2%
	5.6%
	-2.3%

	
	Bristol-Woe
	2.3%
	9.5%
	4.7%
	-1.2%

	 
	Glo'shire
	-0.1%
	1.2%
	6.4%
	1.7%


8. 
Using Model in Planning
In the last substantive section of this article we illustrate the way in which the model can be used to assess the adequacy of local plan core strategies against the evidential criteria suggested in current draft Planning Practice Guidance, as discussed in section 2. Two contrasting cases are compared: Greater Bristol, an area characterised by relatively high market pressure and growth potential, but subject to recent (and controversial) reductions in land allocations; and Dudley-Sandwell, an area subject to relatively low demand and growth indicators. In each case we take a representative sub-set of the types of indicator suggested as relevant evidence for the adequacy or otherwise of housing provision: 
· plan provision and forecast household growth compared with DCLG household projections (hybrid of 2012-based to 2021 and 2008-based for 2021-31); 

· increase in working age population compared with forecast job growth; 
· rental affordability difference from England and change 2011-21; 
· affordability to buy difference from England and change 2011-21; 
· backlog need change 2007-31 (households sharing, concealed, overcrowded, or with affordability problems); 
· annual net affordable need less supply at 2021. 
8.1  A pressured area – Bristol

The Greater Bristol sub-region comprises Bristol City, North Somerset and South Gloucestershire unitary authorities. The baseline plan provision is adjusted to be consistent with the actual position reported in Tetlow-King (2012), 65,775 units over 20 years. This was actually a  substantial reduction on provision being planned in 2008-09, before the change in Government and policy in 2010, which was based on the then Regional Spatial Strategy (97,450). In this base scenario, Bristol fails on all of the outcome indicators of adequacy, as indicated by pink shading. DCLG household projection is 116,505 for 2011-31, and although forecast household growth would be higher than provision it would still be well short of the projection at 88,530. Working age population would grow by only 57,050, well short of the 85,315 forecast job growth (even conservatively assuming Bristol growth regresses towards the national average). Rental affordability is 8.1% points worse than England and deteriorates by 9.6% points over the plan period. Affordability to buy has a similar relativity (9.6% points worse) and deteriorates by even more (15.8% points) between 2007 and 2031. Backlog need increases by 2,810 and in 2021 net annual affordable need would exceed supply by 3,895. 
The first three alternative scenarios compare different levels of general housing provision – lower, moderately (25%) higher, fairly high (+46%, =2008 RSS). None of these scenarios fundamentally overcome the shortfall, and there is a continuing failure on nearly all criteria. The only slight exception is, slightly surprisingly, that the low supply option is associated with somewhat better need indicators (shaded in yellow). The reason for this is that induced migration and population growth are  markedly lower. 
The next scenario combines moderately high general provision in Bristol and adjacent subregions with higher affordable housing quotas. Although household growth is rather closer to the projection, and affordability indicators are slightly less bad, this scenario still fails all the tests. 

The next scenario involves future economic growth being more strongly related to past performance. The main difference is that the gap between working age population growth and job growth widens substantially. This scenario also fails all tests. 

The next scenario considered involves lower international migration (20% lower gross in-migration). This also widens the gap between working age population and job growth. However, it slightly improves rental affordability and sees a marked improvement in backlog need, which now only increases slightly (shaded yellow). 
The first scenario which makes a more noticeable and positive improvement on several criteria is to assume that credit rationing ends completely after about 2015. In this case actual household growth comes quite close to the projection, working age population growth comes within striking distance of job growth, affordability to buy falls quite a lot less (-8.1% vs -15.8%), and backlog need increase is about half the level of the baseline (although annual affordable need in 2021 exceeds supply by even more).

The next scenario is for ‘very high’ supply (doubling in Bristol and adjacent sub-regions) combined with higher affordable housing quotas.  This is the first scenario which scores several ‘greens’ as well as several yellows on traffic light system. Provision exceeds the household projection, while forecast household growth just equals the projection. Working age household growth just exceeds job growth. Affordability indicators are somewhat less bad than in the baseline, although still quite adverse. The two need indicators are marginally worse. 

The next scenario combines the previous three – very high supply, more affordable housing, low international migration and end of credit rationing. This scores five greens, three yellows and only one red. Provision, new build and household growth all exceed the projection. Working age population falls marginally short of job growth. Affordability relativities improve while both types of affordability are nearly stabilised. Backlog need actually reduces. While this scenario looks relatively favourable, it should be noted that this requires not just a major step up in local planning provision (doubling), which must be considered politically challenging, but also relatively favourable assumptions about national factors outside the control of the local planning authorities (international migration and credit rationing). This is as good as it gets, in the set of scenarios shown in the Table.
The next scenario combines the favourable elements of the previous one, but scales provision back to ‘moderately high’ (94,240). This does not perform so well, scoring three greens, two or three yellows and three remaining reds. New build nearly reaches household projection level while actual household growth exceeds the projection. Working age population falls short of job growth by about 18,000. Rental affordability deteriorates by a more moderate amount, while affordability to buy deteriorates much less than in the baseline. Again, backlog need falls. 

The next scenario looks at low economic growth (2.0% vs 2.3%). This is not really a ‘get out of jail’ card for Bristol, the only ‘positive’ feature being working age population not falling so far short of the reduced job growth. Affordability and backlog need would be even worse than in the baseline. Although we do not show high economic growth, the results represent no real improvement given baseline supply inputs. 
The final scenario in the table combines low growth with the features of moderately high supply, high affordable quotas, low international migration and end of credit rationing. The results are similar to those described above, with a score of two greens, five yellows and two reds. Working age population growth is only slightly lower than job growth, three of the affordability indicators are improved (one markedly), but backlog need increases slightly. .

The inescapable conclusion from this analysis is that Bristol’s current level of provision cannot be justified as adequate, and that provision needs to be increased, both in Bristol and in adjacent sub-regions, by a large amount (possibly as much as double the baseline). 

8.2  A Lower Demand, Lower Growth Area – Dudley-Sandwell

Dudley-Sandwell are two Metropolitan Districts in the ‘Black Country’ area north of Birmingham. These areas suffer from the legacy of deindustrialisation, in terms of employment and incomes and in terms of environmental unattractiveness, without the compensating benefits of city centre revival. On a range of indicators this HMA shows some of the lowest growth pressures in the sub-regional dataset. Baseline provision of 31,600 is in fact the same as former RSS numbers. 

In spite of this background, the baseline scenario shows a mixed picture in terms of performance indicators, with four greens, two yellows, and three reds. Although provision is close to the level of the DCLG household projections, forecast household growth falls short. This of course may be difficult to rectify for an area which is clearly unattractive to migrants. Although total population is increasing moderately, working age population is forecast to fall quite a lot, whereas job numbers are close to static. This is probably indicative of an ageing population, and may not be such a problem given the relatively high unemployment rates forecast for this area. The third problem indicator is backlog need change, which seems to increase by about 3,000 over the whole forecast period. Generally, the affordability indicators are favourable or neutral, while net annual affordable need in 2021 would fall slightly below supply. 

The first alternate scenario is of lower local supply. This would increase the shortfalls relative to household projection and working age vs job numbers. Otherwise the picture is similar. 

The next two scenarios look at moderately and fairly high local supply. These push provision numbers above household projection levels, but household growth outturn would still fall rather short. The working age- jobs gap would remain but at a somewhat reduced level. Affordability and need indicators do not change much. 

The next scenario combines moderately higher provision in both Dudley-Sandwell and in all surrounding areas, together with higher affordable housing quotas. This does not change the position much. The only additional possibly adverse feature is that the negative shortfall between net affordable need and supply increases to -180 per year. This is shaded in light brown to indicate a potential emergence of ‘low demand’ (oversupply) problems in the social sector. 

The next scenario combines baseline provision with economic growth being more strongly aligned with past local performance. This would see very low outturn household growth and substantial decline in job numbers, although working age population would fall by much more. Rental affordability indicators would deteriorate somewhat due to lower incomes, and backlog need would increase more. 

The next scenario looks at international migration, this time the possibility of this increasing (+20% gross). This would somewhat increase household and population growth and slightly narrow the gap in terms of labour force change. Affordability to buy (and rent) would deteriorate to some extent, and backlog need increase would be rather higher. 

The next case is of an end to credit rationing. This would give slightly more favourable outcomes, with household growth closer to the projection, a smaller workforce-jobs gap, improved affordability (especially to buy), and slightly better backlog needs. 

The next scenario looks at very high supply (+70%) and more affordable housing in Dudley-Sandwell and all surrounding areas,  Although provision is far above the household projection, much of it would not be built out and outturn household growth is still slightly short of the projection. Three affordability indicators are favourable, but ability to buy still falls. Potential oversupply of affordable housing is indicated. 

The next scenario combines this with high international migration and ending of credit rationing. This is probably the most favourable scenario overall, with five greens, two yellows, only one red, and one brown. This is the only case where household growth outturn exceeds the projection, and the only case where working age population falls less than job growth. Affordability to buy improves but rental affordability marginally deteriorates. Backlog need still increases, while affordable oversupply becomes more marked (over 300 per year surplus). 

The penultimate scenario is of generally low economic growth. Household growth falls well short, but the workforce-jobs gap is less. Affordability, particularly to buy, deteriorates, while backlog need increases more than in any other scenario.  Overall this is not a very favourable picture.

The final scenario combines this low growth with low international migration, end of credit rationing and moderately high provision including higher affordable housing. This brings household growth close to the projection, and workforce decline close to the job decline. Affordability to buy improves, backlog need increases by a middling amount, but oversupply of affordable housing is quite marked (-265). This is the second most ‘favourable’ scenario (four greens, three yellows, one red, one brown). 

From a planning viewpoint, these results suggest that there is not a strong case for increasing provision in general or affordable housing provision specifically. Two of the problem indicators in the baseline are ambiguous in their interpretation, while the other (backlog need change) seems to be difficult to overcome. This may reflect inadequacies in the model used to predict backlog need, which appears to be relatively insensitive to social lettings supply. Building more affordable housing is questionable because of potential oversupply/low demand problems, but this might enable some demolition of worst quality housing stock. 
Table 11: Key Performance Indicators for Local Plan Housing Strategy Under Different Scenarios: Greater Bristol
	Model V.12 
	
	
	
	
	
	
	
	
	
	
	
	
	Lo Gro

	 Greater Bristol (WoE)
	
	WoE 
	WoE 
	WoE 
	All 
	30/70 
	
	
	All Adjac
	Low Mig
	Low Mig
	Low Mig

	
	
	only
	only
	RSS 
	Adjacent
	nat/local
	
	End
	V high
	End CR
	End CR
	
	End CR

	Numbers over 20 years
	Baseline
	
	Mod
	Fairly
	Mod Hi
	 econ
	Low Int
	Credit
	Supply
	V high
	Mod Hi
	Low 
	 Mod Hi

	 
	 
	Low 
	High 
	High
	High AH
	growth
	 Migrn
	Rationing
	+AH
	supp+AH
	High AH
	Growth
	High AH

	'Provision' 
	65,777
	40,263
	82,889
	97,457
	93,457
	66,520
	65,494
	66,644
	135,148
	135,429
	94,238
	65,716
	93,982

	Completions
	72,430
	61,317
	79,634
	85,766
	88,827
	81,050
	70,453
	97,663
	103,192
	129,174
	110,952
	70,987
	109,796

	Household Growth
	88,532
	79,110
	94,707
	99,755
	102,375
	99,881
	85,151
	106,058
	116,127
	130,697
	120,797
	85,300
	115,162

	DCLG Household Projection
	116,506
	116,506
	116,506
	116,506
	116,506
	116,506
	116,506
	116,506
	116,506
	116,506
	116,506
	116,506
	116,506

	Net Migration inc international
	64,137
	40,354
	79,748
	92,564
	89,800
	64,443
	41,198
	91,312
	118,219
	114,760
	95,358
	62,567
	90,602

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Total Population growth
	140,978
	117,017
	156,718
	169,589
	166,014
	148,888
	113,987
	168,787
	192,981
	184,001
	165,160
	139,702
	161,032

	Working Age Population
	57,052
	44,270
	65,470
	72,354
	71,480
	73,162
	37,116
	74,636
	86,470
	78,273
	67,617
	53,509
	62,406

	Job Growth*
	85,313
	85,313
	85,313
	85,313
	85,313
	136,398
	85,313
	85,313
	85,313
	85,313
	85,313
	67,881
	67,881

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Rental affordability
	38.9
	38.8
	39.0
	39.1
	39.6
	39.5
	40.1
	39.4
	40.2
	43.0
	41.5
	38.6
	41.3

	 difference from England
	-8.1
	-8.3
	-8.1
	-8.0
	-7.8
	-7.7
	-7.7
	-8.1
	-7.2
	-5.6
	-7.0
	-8.1
	-6.9

	Affordability change % pt 11-31
	-9.6
	-9.6
	-9.6
	-9.7
	-8.6
	-8.4
	-8.2
	-9.0
	-7.8
	-2.2
	-5.0
	-10.2
	-5.0

	Affordability ave level % buy
	21.3
	21.2
	21.4
	21.5
	22.0
	21.5
	22.0
	26.8
	22.5
	30.4
	28.6
	21.2
	28.5

	 difference from England
	-9.6
	-9.7
	-9.5
	-9.4
	-9.3
	-9.7
	-9.5
	-10.1
	-8.8
	-7.7
	-9.4
	-9.4
	-9.1

	Affordability change % pt 07-31
	-15.8
	-15.9
	-15.7
	-15.6
	-14.8
	-15.2
	-15.0
	-8.4
	-13.8
	-1.9
	-5.2
	-16.1
	-4.9

	Backlog need change 2007-31
	2,812
	1,874
	3,464
	4,003
	2,975
	2,567
	933
	1,697
	3,545
	-1,514
	-1,523
	5,197
	775

	Net Need-supply  2021
	3,896
	3,398
	4,218
	4,485
	4,280
	3,978
	4,025
	6,557
	4,381
	4,669
	6,614
	3,800
	6,024


Table 12: Key Performance Indicators for Local Plan Housing Strategy Under Different Scenarios: Dudley-Sandwell
	Model V.12
	
	
	
	
	
	
	
	
	
	
	
	Lo Gro

	Dudley-Sandwell (WM)
	
	
	
	
	All
	30/70 
	
	
	
	Hi IntMig
	Low 

	
	RSS 
	DS only
	DS only
	DS only
	Adjacent
	nat/local
	
	End
	All Adjac
	End CR
	Int Mig
	End CR

	Numbers over 20 years
	Baseline
	
	Mod
	Fairly
	Mod Hi
	 Econ
	Hi Int
	Credit
	V High
	V High
	Low 
	Mod Hi

	
	 
	Low 
	High 
	High 
	Hi AH
	Growth
	 Migrn
	Rationing
	supp+AH
	supp+AH
	Growth
	Hi AH

	Provision' 
	31,600
	19,398
	39,750
	46,671
	44,663
	30,997
	31,709
	31,884
	54,239
	55,042
	31,618
	44,977

	Completions
	14,926
	9,046
	18,562
	21,512
	21,673
	12,221
	15,596
	24,623
	25,247
	39,020
	15,171
	32,256

	Household Growth
	16,166
	10,941
	19,376
	21,977
	22,608
	4,049
	18,595
	24,621
	26,122
	39,842
	17,717
	30,128

	DCLG Household Projection
	33,655
	33,655
	33,655
	33,655
	33,655
	33,655
	33,655
	33,655
	33,655
	33,655
	33,655
	33,655

	Net Migration inc international
	-40,209
	-53,729
	-31,780
	-24,893
	-27,476
	-40,575
	-30,311
	-23,867
	-20,511
	10,181
	-30,043
	-11,808

	
	
	
	
	
	
	
	
	
	
	
	
	

	Total Population growth
	15,158
	1,715
	23,585
	30,491
	27,429
	4,252
	26,614
	31,680
	34,043
	65,564
	24,975
	41,303

	Working Age Population
	-35,047
	-41,439
	-31,049
	-27,779
	-27,179
	-63,778
	-25,981
	-22,975
	-23,309
	-150
	-26,821
	-17,105

	Job Growth*
	-2,733
	-2,733
	-2,733
	-2,733
	-2,733
	-35,926
	-2,733
	-2,733
	-2,733
	-2,733
	-10,253
	-10,253

	
	
	
	
	
	
	
	
	
	
	
	
	

	Rental affordability
	47.1
	47.2
	47.0
	46.9
	47.3
	45.0
	46.3
	46.8
	47.4
	46.6
	46.2
	47.1

	 difference from England
	0.0
	0.1
	-0.1
	-0.1
	-0.3
	-2.1
	-0.1
	-0.6
	-0.3
	-1.0
	-0.5
	-1.3

	Affordability change % pt 11-31
	0.1
	0.6
	-0.2
	-0.5
	0.0
	-2.3
	-1.2
	-0.8
	0.0
	-1.5
	-2.2
	-0.8

	Affordability ave level % buy
	34.4
	34.4
	34.5
	34.5
	34.8
	34.3
	33.7
	40.3
	35.0
	40.5
	33.6
	40.9

	 difference from England
	3.5
	3.5
	3.6
	3.6
	3.3
	3.1
	3.3
	3.4
	3.3
	3.1
	3.0
	2.9

	Affordability change % pt 07-31
	-3.2
	-3.1
	-3.3
	-3.4
	-3.0
	-2.1
	-4.7
	3.9
	-2.9
	3.5
	-5.8
	4.3

	Backlog need change 2007-31
	3,015
	2,515
	3,340
	3,612
	3,385
	4,269
	3,846
	2,534
	3,563
	3,784
	4,424
	3,183

	Net Need-supply  2021
	-96
	-72
	-110
	-122
	-180
	-91
	-97
	-140
	-207
	-309
	-95
	-263


9.
Conclusions

This paper has discussed the development and use of a sub-regional model of housing supply, markets and affordability which draws on previous UK work but goes beyond it in various respects, particularly in using a more appropriate geography of HMAs, the explicit modelling of new supply as a function of planning, economic modelling of demographic change, and addressing spatial interaction in the framework of an integrated simulation. This is intended to be a practical, usable tool, to support the evidence base for local plan core strategies as well as for the assessment of wider housing policy issues. 
The policy context is one where housing supply and affordability have become issues of growing salience, with rapidly succeeding overlays of change imposed on the planning system, including a major switch from top-down regional targets to a bottom-up localist system more reliant on incentives. The evidential base on local and sub-regional housing need and demand also plays a crucial role, and the model is proposed as a vehicle for organising information about current and future need and demand indicators, and their sensitivity/robustness to different planning strategies and external conditions. This evidential base has also moved on from a traditional reliance on household projections and waiting lists to a recognition of the importance of market conditions and interactions and the ways in which household numbers and households in need may have a more complex relationship with supply and the market. There is no single right answer to the housing numbers question, and planning should rather address a basket of outcomes and seek strategies which achieve improving trajectories on as many of these as possible. 
Our first objective, to make the case for an economic-based sub-regional housing market model as a decision support tool for planning, is largely met by this interpretation of the changing policy context. It is reinforced by the emerging consensus that the right geographical unit for analysis, as well for local cooperation, is the sub-regional HMA. The case is further reinforced by findings from the feasibility study on the basis for key component models and the fact that we have been able to estimate reasonable versions of these. 
We reviewed the state of the art in terms of economic housing market models, which derive from two main traditions, macro time-series models and micro ‘hedonic’ house price analyses. The most relevant studies still suffer from limitations, particularly a focus on too high a level of geographical aggregation (regions) and a lack of meaningful planning/land inputs to drive active supply functions. Building on a feasibility study for sub-regional level modelling, we proceeded to develop such a model, including new estimated functions for migration, household formation, new construction, house prices and rents, and housing needs, mainly fitted to short or medium term annual panels but with some use of micro-estimation. 
The main component models appear reasonable in themselves although some limitations should be noted. In particular, the time period over which panel datasets were used for estimation were quite short and this places some limitations on estimation techniques and diagnostics, as well as limiting the range of conditions experienced in the housing market. The balance between time series and cross-sectional effects within the model is a related issue. It is also the case that the initial period of the forecasts, from 2008 to 2013, has been one of unprecedented disruption to the credit regime for housing, requiring some ad hoc adjustments to model functions fitted over the preceding time period. 
The simulation framework appears to work reasonably well, although it is important to note that it was necessary to introduce additional feedback mechanisms, particularly from vacancy levels above and below thresholds, in order to ensure that the balance between households and dwellings remained in reasonable ranges. Inspection of baseline time series forecasts indicated some tendency to oscillatory patterns, partly generated by the recursive model structure and the use of lags. The representation of spatial interaction terms within the model is somewhat simplified, focusing on a fixed number of contiguous zones rather than a fully weighted matrix of all zones, and this could be an area for further development at some cost in model complexity. 

Within the context of this article, it has been possible to provide a relatively full description of the model components and their empirical underpinning, as well as noting some limitations, so meeting our second main objective. 

Our third main objective was to present future scenarios to show the sensitivity of key household and housing outcomes to policy and economic/financial assumptions. Quite an extensive range of scenarios have been exemplified, in addition to a baseline forecast.
Scenarios for different levels of land release through planning indicate that there is far from 1-for-1 takeup of new planning permissions in terms of completions, and that the impacts of substantial changes in apparent land release may lead to more modest impacts on affordability, although these do build up over time. These findings suggest that policymakers should turn their attention to the land release and development process, and seek more pro-active mechanisms to strengthen the link between plans and actual supply.  
The model directly demonstrates the strong effects of supply on household growth at sub-regional scale, particularly in the medium term (c. 10 years), through induced migration and household formation. This underlines the dangers of ‘circularity’ in the planning process if relying on traditional household projections. Affordable/social housing has a larger initial impact on household numbers than private housing, but less in the longer term. London is particularly sensitive in terms of induced migration flows. 
We make estimates of  the potential impacts of the post-2010 ‘localisation’ of plan targets for housing, drawing on evidence of patterns of sentiment towards housing development interacted with existing planning stances. This shows that supply is likely to increase in most of the northern and midland regions, while falling in the south, particularly in the South East. Thus, localisation is likely to lead to an exacerbation in the existing regional imbalance in terms of housing supply and affordability.
We show how higher economic growth in a particular sub-region would tend to raise housebuilding and household growth, and reduce unemployment, but might actually worsen affordability in the longer term. Higher economic growth across the whole country would increase household growth, particularly in London, and would improve affordability slightly in the longer term, although not in all areas. Higher international in-migration would also push up household growth, but this time with worsening unemployment and a deterioration in affordability. A combination of this with higher economic growth would see more new building, less unemployment, and a slight improvement in affordability in the long term. 
Raising the share of affordable housing, through stronger use of section106 powers as well as subsidy, could have only a modest impact in reducing backlog needs. Gross annual needs for affordable housing would rise in the medium term, due to induced household formation, but later on this effect would reduce while the supply of affordable lettings would grow more strongly.

Planning may try to influence the size and type mix of new housing. We find that, contrary to the implications of some other models and theorising, raising the average size of new build units could actually worsen affordability slightly, because of the behavioural response of housebuilding supply. A wholly laissez-faire approach to size, allowing developers to choose their size mix, seems likely to lead to further reduction in average size, particularly in London, although affordability would improve slightly. 
Our fourth objective was to demonstrate the interdependence of housing outcomes such as affordability for particular sub-regions on planning decisions made in other sub-regions.  The model reveals a range of adjustment mechanisms involving demographic numbers and different housing tenures. The impacts on affordability are progressively greater, the more other HMAs join in the process of augmenting supply and the closer these are to the HMA in focus. While this is a general phenomenon, it has particular significance for London, where affordability can be substantially affected by changes in supply in the surrounding region regardless of housing supply decisions within the capital. We also showed how the tendency for extra supply in one HMA to pull in people and households was particularly marked when only one, or a limited number of areas increased supply, whereas the effect is somewhat attenuated when a larger number of areas change supply. This all underlines the importance of the duty of local authorities to cooperate, but also questions the wisdom of abandoning regional planning.

Our final objective was to examine the adequacy of plan provision, both overall and in selected sub-regions, based on a range of outcomes. The baseline scenario provides a general picture of how outcomes may evolve if we ‘carry on as before’. This baseline forecast indicates a gradual tightening of the housing market and worsening of affordability in the medium term, particularly in London and the south of England, even with housing output recovering to moderately above levels of the last decade. We would argue that this indicates generally inadequate levels of new housing provision, particularly in the south.

In the last section of the article we exemplify the potential use of the model to inform local/sub-regional level planning strategies in particular cases, by presenting forecast outcomes relevant to a range of criteria of adequacy including comparisons with household projections, workforce versus job growth, affordability to rent and buy, and housing needs backlogs and annual shortfalls in the affordable sector. Two contrasting HMAs are used for illustration, a pressured area and a low demand area. The analysis shows that in the former case the baseline supply strategy would fail on all criteria, and that it would be necessary to increase supply by a very large factor (e.g. doubling) to change this situation significantly for a majority of the outcomes. In the low demand case, however, it is suggested that the evidence does not support significant increases in supply beyond the existing planned level. These analyses can also be used to show how robust a strategy would be to differences in some of the external conditions assumed, for example international migration, credit rationing and economic growth. 
Overall, we would claim that this article has demonstrated that a sub-regional economic model of housing markets is feasible, credible, and useful as a decision support tool for planning. Such a model allows planning to move beyond the crude simplicities of traditional approaches, particularly the reliance on extrapolative household projections, while offering insights into the ways in which markets respond over time. It provides a framework to support an evidence-based, outcome-oriented, multi-criteria assessment of the adequacy of planning targets for housing in England, at a time when housing supply and affordability are high on the policy agenda. 
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Appendix A
Estimated Equations for Core Components of Model

Table A.1: Estimated Coefficients in Migration Equations by Age Group
(dependent variable gross domestic migration rates %
	
	
	Children
	
	Young Adults
	Middle Adult
	Older
	
	All Ages
	

	Variable Description
	Varname
	In
	Out
	In
	Out
	In
	Out
	In 
	Out
	In 
	Out

	 
	 
	pgin014
	pgot014
	pgin1524
	pgot1524
	pgin2559
	pgot2559
	pgin60ov
	pgot60ov
	pginmal
	pgotmal

	Adjacent out-migration
	pgomal_s
	0.621
	
	0.326
	
	0.489
	
	0.767
	
	0.535
	

	Lagged in-migration
	pgin_1
	
	0.360
	
	0.728
	
	0.262
	
	0.114
	
	0.363

	International in-migration
	pintmin
	-0.107
	-0.183
	0.226
	0.133
	
	-0.085
	-0.057
	
	-0.035
	-0.052

	Population 000s
	npopk
	
	
	-0.0004
	-0.0004
	
	-0.0002
	
	-0.0001
	0.0000
	0.000

	Relative price index (1.0)
	prrlprc3
	-0.929
	
	
	-0.365
	-0.568
	
	
	
	-0.465
	-0.145

	Adjacent relative price
	rlpric_s
	
	0.724
	-1.961
	
	-0.951
	0.435
	-1.338
	0.366
	-0.913
	0.632

	Mortgage interest rate
	mint
	-0.086
	-0.036
	-0.166
	
	-0.088
	-0.022
	-0.040
	0.015
	-0.080
	-0.013

	Household income £k pa
	hhinck
	-0.110
	-0.049
	-0.063
	
	-0.099
	0.027
	-0.019
	0.033
	-0.077
	0.015

	Unemployment age 25-44
	asunem
	0.058
	0.088
	0.049
	0.157
	
	0.051
	0.070
	0.031
	0.029
	0.071

	Younger adults/25-55
	pyngla
	
	0.063
	
	-0.262
	
	0.103
	
	-0.039
	
	0.048

	Social rented tenure
	psrla
	-0.062
	
	-0.052
	
	-0.066
	
	-0.038
	
	-0.057
	

	Private build output rate
	prppcmp3
	0.332
	
	0.369
	
	0.352
	
	0.070
	
	0.293
	-0.044

	Adjacent private build rate
	ppcmp_s
	-0.569
	0.240
	-0.861
	0.314
	-0.347
	0.359
	-0.159
	0.290
	-0.377
	0.393

	High occupational class
	hiclas
	 
	 
	 
	 
	 
	 
	 
	 
	-0.001
	0.003

	Single adult non-eld hhd
	hh1
	
	
	0.358
	
	0.145
	
	
	
	0.131
	

	White British persons
	pwhiteb
	
	-0.039
	0.213
	0.053
	
	-0.048
	0.037
	-0.020
	0.050
	-0.025

	Net resid density pph
	netdens2
	
	
	
	
	
	
	
	
	-0.004
	0.004

	Sparsity ha/persons
	spars01
	0.674
	
	1.159
	0.471
	0.584
	
	0.521
	0.150
	0.664
	0.137

	Students 
	pstud01
	
	-0.058
	1.450
	0.972
	
	0.072
	
	
	0.276
	0.142

	IMD low income score 
	imdlwinc
	-0.126
	-0.077
	-0.176
	-0.116
	-0.154
	-0.033
	
	0.020
	-0.114
	-0.044

	Adjacent IMD low income
	imd_s
	-0.298
	
	-0.862
	-0.477
	-0.301
	-0.142
	-0.355
	-0.092
	-0.371
	-0.124

	Distance city centre km
	dist150k
	0.008
	
	
	
	0.007
	
	0.010
	
	0.009
	

	Greenspace /land area
	pgreenh
	
	
	
	-0.037
	
	
	
	-0.009
	-0.004
	-0.009

	Air quality index
	air
	
	
	
	-0.293
	
	-0.107
	
	-0.055
	
	-0.058

	Climate index (warm/dry/)
	climate
	0.630
	
	0.564
	-0.327
	0.753
	
	0.351
	
	0.594
	-0.049

	Scenic areas access 
	scenic
	0.015
	
	
	
	0.019
	
	
	
	0.014
	

	Cars per m of road
	carspm
	
	
	
	-0.446
	
	
	
	-0.116
	-0.019
	-0.077

	Constant 
	_cons
	10.418
	5.568
	-13.057
	7.193
	9.616
	5.232
	2.918
	3.314
	3.035
	3.629

	Adj r-squared
	
	0.642
	0.586
	0.787
	0.820
	0.678
	0.735
	0.656
	0.606
	0.720
	0.827


All vars % unless stated; coefficients in bold significant at 95% level; variables below line (from hh1) are cross-sectional, not time varying.
Table A.2: Elasticities in Household Formation Equations
	
	
	HRR age 15-24
	HRR age 25-59
	HRR age 60+
	Simulation

	Variable Description
	Varname
	hr1524
	 
	hr2559
	 
	hr60ov
	Treatment

	Male gender
	omale
	0.220
	omale
	0.512
	omale
	0.354
	Constant

	Get un-married
	
	
	
	
	getunmar
	0.020
	Constant

	High occupational class
	hiseg
	0.017
	 
	 
	 
	 
	Endog

	Sick or disabled
	dsickdis
	0.006
	dsickdis
	0.003
	
	
	Trend

	Student
	dstud
	0.271
	
	
	
	
	Trend

	Previously private renting
	prevpr
	0.169
	prevpr
	0.019
	prevpr
	0.016
	Trend

	Previously in lone parent hhd
	olpar
	-0.151
	olpar
	0.059
	olpar
	-0.019
	Trend

	Previously in couple family
	ocfam
	-0.433
	ocfam
	-0.165
	ocfam
	-0.008
	Trend

	Previously in multi-adult hhd
	omult
	-0.356
	omult
	-0.105
	omult
	-0.019
	Trend

	Married
	omar
	-0.015
	omar
	-0.120
	omar
	-0.789
	Trend

	Previously social renting
	prevsoc
	0.065
	prevsoc
	0.026
	prevsoc
	0.048
	Endog

	Ethnic minority 
	oethnic
	-0.014
	oethnic
	0.000
	 
	 
	Trend

	Social lettings rate 
	pslets
	0.144
	pslets
	0.044
	pslets
	-0.055
	Endog

	Aged 25-29/aged 25-55
	
	
	oage2529
	-0.046
	
	
	Endog/demog

	Aged 30-34/aged 25-55
	
	
	oage3034
	-0.030
	
	
	Endog/demog

	Migrant (between localities)
	migrant
	0.101
	
	
	
	
	Endog/demog

	Has own children
	onchild
	0.134
	onchild
	0.085
	onchild
	0.009
	Endog/demog

	Acquired child 
	getchild
	0.014
	
	
	
	
	Endog/demog

	Unemployed (indiv)
	
	
	dunem
	-0.005
	dunem
	-0.002
	Endog 

	Lwr quartile house price (£k)
	lplqk
	-0.174
	
	
	lplqk
	-0.046
	Endog

	Indiv Income £k
	dincindrk
	0.239
	dincindrk
	0.221
	dincindrk
	0.170
	Endog


Dependent variable predicted is proportion of each age group of adults who is an HRP. These models are fitted using logistic regression on data from BHPS over period 1996-2003 with attached local market variables. Effects transformed into elasticities for doubling each variable at mean values. 

All variables included are significant at 90% level. Bold indicates variables significant at 95% level. 

Table A.3: Regression model for private new build completions rate at HMA level.

	Variable
	
	Coeff
	
	Std Coeff
	
	

	Descripton
	Short name
	B
	Std. Error
	Beta
	t stat
	Sig.

	1
	(Constant)
	-0.017
	0.266
	
	-0.065
	0.948

	Lag Mix Adj Output*
	mappcmp_1t
	0.355
	0.036
	0.233
	9.917
	0.000

	Spatial Output +
	ppcmp_sf
	1.230
	0.351
	0.089
	3.504
	0.000

	Relative mix adj price 
	rlmaprice
	0.041
	0.025
	0.088
	1.608
	0.108

	Lag Mix Adj Plg perms flow 
	mapppflw_1
	0.301
	0.026
	0.443
	11.672
	0.000

	Log Plg Perms stock
	lpdopp_1
	0.019
	0.025
	0.026
	0.746
	0.456

	Mortgage Interest Rate
	mint
	-0.063
	0.010
	-0.196
	-6.525
	0.000

	Small Sites share
	smstshr
	-0.519
	0.107
	-0.153
	-4.858
	0.000

	Brownfield land %
	pdl
	-0.004
	0.001
	-0.214
	-5.004
	0.000

	Social Completions
	pscmp
	0.720
	0.162
	0.127
	4.431
	0.000

	Greenspace %
	pgreenw
	0.004
	0.001
	0.157
	3.145
	0.002

	Adjacent out-migration
	pgomal_s
	0.018
	0.006
	0.079
	2.720
	0.007

	Buy to Let lending x PRS %
	btlprs
	0.000
	0.000
	-0.280
	-6.252
	0.000

	Mix adj priv completions % hhd
	mappcmp
	Dep Var:
	
	
	
	

	Relative population size
	popwgt
	weight
	
	
	
	

	
	
	
	Model Summary
	
	

	
	
	R
	R Square
	Adj R Sq
	S E Est
	

	
	
	0.774
	0.599
	0.593
	0.19526
	

	
	
	
	
	
	
	

	
	
	
	Sum of Sq
	deg frdm
	Mn Sq
	F ratio

	
	
	Regression
	43.806
	12
	3.65
	95.75

	
	
	Residual
	29.318
	769
	0.038
	Sig.

	 
	 
	Total
	73.12
	781
	 
	0.00


Notes
* time varying component of variable
+ fixed spatial component of variable
Table A.4: Regression Model for House Prices (HMA level)

	Descripton
	Short name
	B
	Std. Error
	Beta
	t stat
	Sig.

	Constant
	(Constant)
	8.598
	0.160
	
	53.866
	0.000

	Log Population/Mix Adj dwg stock
	lpopmadwg
	0.859
	0.103
	0.168
	8.357
	0.000

	Log Real Hshld Income £k pa
	lhhinck
	0.593
	0.051
	0.222
	11.714
	0.000

	Log Contig Price  time varying*
	rllpmd_s
	0.440
	0.075
	0.123
	5.845
	0.000

	Vacancy rate % private
	pvacp
	-0.031
	0.005
	-0.068
	-6.406
	0.000

	Mix-Adj Private completions
	mappcmp_1
	-0.106
	0.015
	-0.069
	-7.154
	0.000

	Ave dwg plot size m2
	plotszk
	0.179
	0.067
	0.038
	2.656
	0.008

	Crime index
	crime
	0.026
	0.008
	0.043
	3.150
	0.002

	Climate (warm, dry sunny)
	climate
	0.061
	0.009
	0.107
	6.561
	0.000

	Buy-to-Let Lending x PRS%
	btlprs
	0.007
	0.000
	0.459
	47.731
	0.000

	London dummy x real FTSE ind
	londftse
	0.283
	0.022
	0.236
	12.590
	0.000

	Unemployment rate %
	asunem
	-0.065
	0.005
	-0.153
	-12.098
	0.000

	Log Mix-Adj Real Med Price
	lmaprice
	Dep Var
	
	
	
	

	Relative population size
	popwgt
	Weight
	
	
	
	

	Pooled OLS: 
	
	
	Model Summary
	
	

	102 HMAs 1998-2007 
	
	R
	R Square
	Adj R Sq
	S E Est
	

	
	
	0.969
	0.938
	0.937
	0.119
	

	
	
	
	Sum of Sq
	deg frdm
	Mn Sq
	F ratio

	
	
	Regression
	193.474
	11
	17.589
	1244.049

	
	
	Residual
	12.753
	902
	0.014
	Sig.

	 
	 
	Total
	206.226
	913
	 
	0.000


* time varying component of variable
Table A.5: Partial Adjustment Regression Model for House Price Change fitted to Longer Panel for ‘Big’ HMA areas
	Shortname
	Variable description 
	Coef.
	Std. Err.
	t
	P>t

	ldmaprc
	Log Diff Mix-Adj price (dep var)
	
	
	
	

	lmaprc_1
	Log Mix Adj Price lag 1
	-0.432
	0.014
	-31.820
	0.000

	lhhddwg
	Log (households/dwellings)
	1.513
	0.268
	5.640
	0.000

	lrlpric
	Log Spatial relative price
	0.257
	0.022
	11.860
	0.000

	lhhinck
	Log Household Income £k
	0.109
	0.017
	6.250
	0.000

	lucc1
	Log User Cost % (-0.33xprcgrwth)
	-0.028
	0.003
	-9.120
	0.000

	lbtlprs
	Log BTLxPRSshare
	0.170
	0.006
	27.760
	0.000

	londftse
	London dummyx FTSE Index
	0.232
	0.055
	4.190
	0.000

	y88
	year dummy 1988
	0.184
	0.009
	19.690
	0.000

	y89
	year dummy 1989
	0.185
	0.010
	18.980
	0.000

	_cons
	Constant
	4.166
	0.125
	33.390
	0.000

	
	
	
	
	
	

	
	Fixed-effects (within) regression
	
	No. of Obs
	1414
	

	
	Group variable: hmabig
	
	No of Grps
	58
	

	
	
	
	Obs per group
	

	
	R-sq:  within  
	0.577
	min
	22
	

	
	between
	0.069
	avg
	24.4
	

	
	overall 
	0.492
	max
	25
	

	
	
	
	
	
	

	
	
	
	F(9,1347)
	204.73
	

	
	corr(u_i, Xb)  = -0.3600
	-0.36
	Prob > F
	0
	

	
	
	sigma_u
	0.032114
	
	

	
	
	sigma_e
	0.066787
	
	

	
	
	rho
	0.187786
	
	

	
	
	
	
	
	

	 
	F test that all u_i=0
	 
	 
	F(57, 1347)
	3.81


Table A.6: Regression Model for Log Private Market Rent 2011 (median, 2 bedroom, at 2006 prices)
(cross-section of LA districts)
	Model
	 
	Coeff
	 
	Std Coeff
	t
	Sig.
	 

	Variable description
	shortname
	B
	Std. Error
	Beta
	t stat
	signif
	VIF

	Constant
	(Constant)
	3.345
	.037
	 
	90.413
	.000
	 

	Mortgage cost/income
	mcostinc11
	2.708
	.061
	.691
	44.334
	.000
	2.316

	Household income pa £k
	hhinck11
	0.0225
	.001
	.513
	21.317
	.000
	5.521

	Sparsity (ha/popn)
	sparspop
	-0.0576
	.011
	-.070
	-5.246
	.000
	1.694

	Aged 16-24 %
	p162411
	0.0096
	.002
	.064
	4.670
	.000
	1.805

	High Occupations %
	pocc1311
	0.0017
	.001
	.042
	1.763
	.079
	5.492

	Low income %
	pincscr10
	-0.0017
	.001
	-.030
	-1.659
	.098
	3.142

	Vacancy rate %
	pvac11
	-0.0093
	.002
	-.055
	-4.675
	.000
	1.305

	a. Dependent Variable: lrlmdrent2b11
	 
	 
	 
	 
	 
	 

	b. Weighted Least Squares Regression - Weighted by lahhdwgt
	 
	 
	 
	 

	
	Model
	R
	R Square
	Adj R-Sq
	S E Est
	
	 

	
	1
	0.982
	.964
	.963
	.06404
	
	 

	
	 
	Sum Sq
	deg frdm
	Mn Sq
	F
	Sig.
	

	 
	Regression
	37.630
	7
	5.376
	1310.687
	0
	

	 
	Residual
	1.411
	344
	.004
	 
	 
	

	 
	Total
	39.041
	351
	 
	 
	 
	


Appendix B: Data Sources
Table B.1: Data Inputs and Sources for Subregional (HMA) Model

	Item
	Definition
	Source

	Completions
	Number per 100 households x Year x LAD
	DCLG  Housing Statistics Live Tables

	Migration (domestic)
	Persons per 100 residents ‘in’ & ‘out’ x 4 age groups  x year x LAD, adj to HMA basis using 2007 matrix
	ONS Local migration estimates based on NHSCR data

	Household Headship
	Ratio of HRP/Population x 3 age groups
	BHPS analysis 1997-2003; 2001 Census base rates x LAD; 
LFS trends x age x region-met/nonmet 2002-2008.

	House Price
	Median and Lower quartile price all sales
	Land Registry data compiled by CLG at LAD level

	Social housing stock
	LA + RSL rental dwellings x Year x LAD
	CLG HSSA returns

	Total & Private Stock
	Private sector dwellings x Year x LAD
	CLG HSSA returns

	Earnings
	Median full time earnings x LAD (residence)
	ASHE (Annual Survey of Hours & Earnings)

	Population
	Number x Age x LAD
	ONS Mid Year Estimates

	Net Lettings
	No. of lets to new tenants by LA’s & RSLs x LAD
	CLG HSSA returns

	Vacancies
	No. & % of dwellings by social/private x LAD
	CLG HSSA returns

	Household Income
	Gross Income of Household from all sources £k pa x LAD 
	As estimated in ‘Bramley’ Affordability model or ‘Wilcox & Bramley’ (NHPAU) model; earlier years based on change in Regional Accounts Real Household Disposable Income series for NUTS3 regions

	Births & Deaths
	Numbers x LAD
	ONS ‘Components of Change’ tables 

	International Migration
	Number ‘in’ and ‘out’ x year x LAD
	ONS ‘Components of Change’ tables

	Mortgage Interest Rate
	Ave percentage x year
	HM Treasury ‘Pocket Databank’

	Unemployment
(asunem)
	Core age (30-44) claimant unemployment % of working age, adj for definitional changes
	NOMIS data compiled for MigMod study and extended for Bramley-Leishman panel model

	Unemployment (ILO)
	Unemployed and seeking work, % of economically active
	Annual Population Survey (APS) 3-year rolling average, and 2001 Census.

	Planning permissions flow
	New planning permissions granted for housing, units x LAD, as % of households
	Estimated from CLG PS2 returns and Emap-Glenigan database of major sites. For Gloucestershire, recent figures added based on Annual Monitoring Report & SHLAA

	Planning permissions stock
	Outstanding uncompleted permissions units x LAD, as % of households
	Estimated from former DOE PS3 returns, Emap-Glenigan database, PS2 returns and CLG completions data; corrected to AMR/SHLAA figures for Gloucs and (ideally) surrounding areas

	High Social Class
	% in higher occupational groups
	Census 2001 + Annual Population Survey Occupational Groups (pooled 3 yr ave data)

	Single person households
	% households single non-elderly 
	Census 2001; LFS trends x broad age & region 1992-2008; DCLG Household projection share trends 2008-2033.

	White British 
	% population with White-British ethnicity
	Census 2001; LFS trends x broad age & region1992-2008 

	Net Density
	Dwellings per hectare of land in residential use, ward level
	Census 2001, GLUD (Generalised Land Use Database) from CLG via Neighbourhood Statistics

	Sparsity
	Hectares per person, LAD level
	Census 2001

	Students
	% population f t students
	Census 2001; LFS trends x broad age & region1992-2008

	IMD Low Income
	IMD 2004 Low Income Score, ward level
	IMD (Indices of Multiple Deprivation), based on 2002 Benefits data, from Neighbourhood Statistics

	Distance major centre
	Ave distance in km of dwellings from major retail service centre (>150k m2 floorspace)
	CLG database of major retail/service centres

	Greenspace
	% of land area ‘greenspace’
	GLUD

	Air
	Index of Air quality/pollution
	Derived for DTLR MigMod study 

	Climate
	Index of warmer, drier, sunnier climate
	Derived for DTLR MigMod study 

	Scenic
	Index of proximity to scenic areas e.g. Nat Parks, AONB
	Derived for DTLR MigMod study

	Cars density
	Cars per m of road length
	2001 Census, GIS analysis 

	Selected household types
	Lone parent, single adult, single elderly
	2001 Census; LFS trends x broad age & region 1992-2008; DCLG Household Projections 2008-2033

	Sick/disabled
	Limiting long term illness/disability, %
	2001 Census; LFS trends x broad age & region1992-2008
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Figure 1: Schematic Representation of Sub-Regional Housing Market Simulation

Model





� In a later version of the model (v.15) , household formation functions have been re-estimated using BHPS data for the whole period 1991-2008, with slightly greater age breakdown. These confirm the broad pattern of effects from incomes, house prices, unemployment and social lettings. 


� Buy to Let mortgage loans for individual private landlords were introduced as a distinct product on favourable terms after 1997, and the volume of such lending nationally is published by the Council of Mortgage Lenders.


� In subsequent versions of the model we have explored variant forms for the price model and different ways of representing income. A formulation using two income variables, a national change and a local relative change, works slightly better, as does a model using a general first differences form; these findings suggest that the income elasticity should be higher than as estimated here. 


�� In later versions of the model (v.14/15), we have also included an alternative rent function fitted to a short regional panel of data for England. This model version also includes a tenure choice function to generate future shares of private renting vs home ownership, by age group. 


� Gloucestershire County Council and its constituent district councils commissioned the author to develop this ‘Gloucestershire Affordability Model’ in January 2011


� In later versions of the simulation (v15), in-migration is determined by sharing total out-migration pro-rata shares in the product of predicted in-migration rates and population. This makes the controlling of in- with out-migration automatic. 


� It might be possible to capture such non-linear effects in estimation of key relationships, using suitable functional forms, particularly given a longer run of data covering different cyclical conditions.as in New Zealand migration functions


� Further testing in a later version of the model (v.15) led to the conclusion that (a) the excess vacancies should be measured over one year,not three, and (b) that an additional feedback to prices would be justified, in terms of reducing the model’s tendency to oscillation and achieving closer to an equilibrium outcome for each year. These refinements are not included in the version reported in this article (v.12).  


� Applying the changes to feedback mechanisms described in the previous note appears to largely remove these oscillations. 


� Gloucestershire in fact comprises two-and-a-half HMAs in this system, namely Gloucester-Cheltenham, Forest of Dean, and part of Swindon-Cotswold-Downland. ‘West of England’ combines Greater Bristol HMA (which includes Mendip, North Somerset, South Gloucestershire) , Bath & North East Somerset and West Wiltshire.
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