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Abstract 

 

In many cities, the largest public policy interventions in infrastructure and urban development 

tend to target the periphery of cities. For instance, both the UK and China are keen to spread 

their business activities and populations from overheated cores to the periphery. Such policy 

narratives are gaining momentum, such as in the UK government’s ‘Levelling Up’ agenda and 

the Chinese government’s regional development and coordination plan. However, in such cases 

including in the UK and China, knowledge about what could happen to land value capture (LVC) 

is particularly deficient. We present here the development of a recursive spatial equilibrium 

model to understand and measure the land value uplift potential in those peripheral areas, as well 

as the traditional ‘honey-pot’ LVC locations. Great Britain and the Yangtze River Delta region 

are chosen for data sufficiency reasons to carry out in-depth modelling to pinpoint the causes and 

effects in terms of land values and their implications for value capture and future growth over the 

long term. The insights from the study contribute to policies for sustainably managing land 

resources across the respective metropolitan areas and their hinterlands, and they shed light for 

similar interventions in other countries and regions.  
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The Longer-Term Potential of Land Value Uplift: Insights from Great Britain and the 

Yangtze River Delta Region 

 

 

Introduction 

 

This study aims to address two well-known gaps in the evidence base supporting land policies 

that are relevant to value capture. First, in most metropolitan areas, the value of land is expected 

to increase over time. The prospects and rates of increase have direct implications on the 

approach and timing of value capture, but such knowledge is far from complete, and thus, value 

capture tends to benefit little from the later, higher-value phases of property development. 

Second, spatially coordinated and balanced development for all urban land uses, activities, and 

infrastructure provision is shown to increase the value of land significantly; however, only in a 

small number of metropolitan areas over a few periods of development is this well-coordinated 

and balanced, largely because analytical tools capable of understanding the longer-term 

prospects of land-value changes have not always been widely available. 

 

In this study, we developed a spatial equilibrium model to understand and measure the land value 

uplift potential under various planning interventions (jobs, housing, and transport). Great Britain 

(GB) and the Yangtze River Delta region (YRD) were chosen for this study for two reasons. Not 

only are there intense interests in land value capture (LVC) in both areas, but both city regions 

also now have access to well-developed, advanced, analytical models that can track and measure 

the degree of coordination and balance of spatial development over several decades. The models 

can pinpoint causes and effects in terms of land values and their implications for value capture 

and future growth. Both city regions also have a rich typology of development (from historic 

conservation to urban regeneration, brownfield infill, and greenfield expansion), which may be 

relevant to many other metropolitan areas. The YRD is also a considerably younger city region, 

which can learn from GB’s longer development cycles. 

 

Furthermore, both the UK and China are keen to spread their business activities and populations 

from overheated cores to the periphery, and in both countries, knowledge about what could 

happen to LVC is particularly deficient. In the UK, the long-term potential of land value uplift 

tends to be particularly uncertain for large-scale urban projects, especially when an investment is 

made in less developed areas (see e.g., UK2070 Commission, 2019). In Chinese metropolitan 

areas, the seriously overheated central business districts (CBDs) provide a stark contrast, with 

low expectations in peripheral towns, despite a persistent effort to decentralise activity. Such 

imbalanced growth could result in a ‘lose-lose’ situation, as the CBDs suffer from rising welfare 

losses; whereas, peripheral areas, in spite of massive investment, fail to exploit their economic 

potential in the long term. 
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The next section of the paper introduces the literature on measurements of land value effects 

associated with planning interventions. An extended spatial equilibrium model is subsequently 

proposed, followed by specifications of the data for applying the model to the two case-study 

areas. The model results are then summarised, leading to conclusions and implications for 

planning. 

 

 

Literature Review 

 

Components of Land Value 

 

Changes in property market value can be attributed to the economic forces of demand and 

supply. For instance, the demand influences of residential land include the number of households 

and household incomes (Brueggeman and Fisher, 2011), while supply influences are linked to 

land-use regulations, construction costs, financing availability, and more (Abraham and 

Hendershott, 1992). Although the market plays a fundamental role in price movements, it is 

often the case that planning forces (i.e., land use planning and regulation) are rather strong.  

 

Figure 1. Land value components (adapted from Hong and Brubaker (2010)) 

 

 

Source: Authors, adapted from Hong and Brubaker, 2010 

 

Based on the intrinsic land value (mainly determined by its location, soil type, and development 

potential), impacts from private and public investments can be capitalised into the land value 

increment. Hong and Brubaker (2010) have classified the causes of uplifts in land value as 

follows: 
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(1) Constructions. Constructions refer to all improvements on top of a land plot undertaken 

by owners or users. For instance, a newly erected house adds value to its land plot.  

(2) Changes in land use regulation. Planning authorities utilise zoning to regulate (and 

change) the intensity of development and type of land uses, which is directly linked to the 

economic use value of a land plot. 

(3) Improved infrastructure and amenities. Local improvements in transport accessibility 

and public facilities (e.g., schools and parks) lead to value uplift therein. 

(4) Local population and economic growth. This growth can generate increasing housing 

demand and therefore push up land value. 

 

Among the four components above, construction (or improvements) is mostly associated with 

private investments, while the other three are often induced by public planning and development 

(Figure 1). It is therefore clear that planning interventions can have both direct (i.e., land use 

regulation and infrastructure improvement) and indirect impacts (i.e., population and economic 

growth) on the property market. 

 

Specifically, planning can have direct effects via instruments such as zoning and growth 

boundaries, which can strictly limit the housing supply and thereby elevate prices in the real 

estate market (Kim, 2011; Murakami and Chang, 2018). Amenities and accessibility 

improvement through planning also impacts property prices (Mayor of London and Transport for 

London, 2017). For instance, establishing an efficient transport network provides better access to 

large labour markets, which increases labour productivity and raises rental prices (Zhong and Li, 

2016). Comparatively, negative externalities such as congestion yielded by weak land-use 

planning inhibit market growth and public welfare improvements (Glaeser, 2011). 

Indirect planning influences on prices include employment and real income growth (Saks, 2008), 

increased resident welfare (Stull, 1975) and improved regional economic performance (Glaeser 

et al., 2006). Both types of benefits are capitalised into land values near government-led 

developments. 

 

Measuring the Effects of Urban Development on Land Value 

 

Numerous attempts have been made to trace land value increments through the use of empirical 

data, statistical models and computer simulations (Cervero and Murakami, 2009; Batty, 2013). 

These measurement attempts have origins in different disciplines and fields and are far from a 

convergence paradigm (Batty, 2009). As an abstraction of city systems, a model matures with an 

evolution of theory, change in planning focus, or improvement in computing power and data 

availability. This subsection reviews the main approaches in measuring land value effects and 

their corresponding strengths and weaknesses in the current planning and development context.  
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Hedonic Price Models 

 

The hedonic pricing method is a reduced-form econometric model that explores the relationship 

between a dependent variable (i.e., a product price) and several explanatory variables (i.e., the 

product’s characteristics) based on empirical estimates. It has been adopted to estimate the 

implicit value of different attributes in prices on the property market since the seminal work done 

by Lancaster (1966), Ridker and Henning (1967), and Rosen (1974). 

 

If the general aim is to estimate the values of each characteristic of housing prices (with other 

things being equal), the hedonic price function can be derived as an equilibrium price equation 

based on the following two assumptions: (1) an equilibrated market where all individuals or 

households have made their utility-maximising choices subject to an income constraint, and (2) a 

market clearing, given the existing stock of housing and its characteristics (Freeman et al., 2014: 

314). A marginal willingness-to-pay function for specific characteristic can be further derived. 

Operational implementation of hedonic analysis consists of estimating a hedonic price function 

and constructing an inverse demand function for house characteristics. In applied studies, the 

‘second stage’ (i.e., deriving the inverse demand function) analysis is rarely carried out, because 

it requires complex econometrics and strong a priori restrictions on preferences (Palmquist, 

2005). 

 

A housing price function can take various functional forms, such as linear, quadratic, 

exponential, and Box-Cox transformation (Freeman et al., 2014: 320). In a standard ordinary 

least squares (OLS) context, for instance, model estimation can proceed as normal if spatial 

dependence (or spatial autocorrelation)1 and spatial heterogeneity2 are not found in price 

residuals (Bourassa et al., 2010). 

 

However, the inherently spatial nature of housing data sets leaves significant potential for 

problematic spatial effects (dependency and heterogeneity), despite efforts to model locational 

effects accurately. Acknowledgement of the problem leads to a specific sub-set of hedonic price 

models, referred to as ‘spatial hedonic models’ by Anselin and Lozano-Gracia (2009), to address 

the two above-mentioned spatial effects. Chen and Haynes (2015) compared three estimation 

procedures used in hedonic pricing models, namely a robust OLS regression, a Box–Cox 

transformation technique, and a spatial econometric model. They concluded that estimated 

coefficients in the first two methods may be biased and inefficient, as the issue of spatial 

dependence is not appropriately addressed. 

 
1 A basic assumption in regression models is that observations should be independent from each other. However, observations 

from housing sales per se often violate this assumption. First, houses in proximity tend to share similar attributes. Second, market 

prices are in most cases based on a comparative case with the previous transaction records of surrounding properties. Therefore, 

models that impose homogeneity will be mis-specified. 

2 Spatial heterogeneity indicates the low degree of substitutability of houses based on both observable and unobservable 

characteristics. For instance, houses across well-defined submarkets exhibit a low degree of homogeneity and are therefore hardly 

substitutable. 
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Hedonic price models are widely used to estimate the price premium induced by transportation 

infrastructure and amenities. Higgins and Kanaroglou (2016) reviewed 137 analyses of rapid-

transit-induced land value uplift in North America. Of the studies, 106 used hedonic multiple-

regression models and the remaining 31 conducted matched pairs analysis.3 A meta-analysis 

(with 57 observations) by Debrezion et al. (2007) summarised the effects of railway station 

proximity on property values based on a hedonic model, using a linear regression specification.  

 

Within a quarter-mile range of a station, commercial properties are found to be 16.4% more 

expensive than their outside counterparts. Comparatively, the price gap between residential 

properties within and outside railway station coverage is about 4.2%. Urban form also matters in 

addition to land use. In San Diego, condominiums capitalise on the benefits of new transit 

stations 11% more than single-family homes (Duncan, 2008). A pedestrian-friendly 

neighbourhood can create a 15% price premium in the station area, while a neighbourhood with 

poor pedestrian quality yields a discount exceeding 11% (Duncan, 2011).  

 

Despite the common use of hedonic price modelling in examining the value determinants 

(Gwamna et al., 2015; Zhong and Li, 2016), such models have two common limitations. First, it 

is difficult to differentiate between direct and indirect effects on value increment. For instance, 

when measuring rapid-transit-induced LVU, researchers emphasise accessibility improvements. 

In contrast, the indirect contributions to a price premium—such as labour market shifts, 

increased housing and business floorspace, and improved amenities (associated with transport 

infrastructure developments)—are not usually mentioned (Higgins and Kanaroglou, 2016). 

Second, hedonic price regression models are designed to investigate correlations rather than 

causality. Lacking a feedback mechanism in the regression analysis, the impacts on property 

value as a response to demand change cannot be captured (Chen, 2019). Therefore, these models 

cannot be used to predict the changes in land value effects, since the assumption of equilibrium 

would be violated by unpredictable supply-demand dynamics (Wang and Waddell, 2013). 

 

Microsimulation Models 

 

The emergence of complexity theory has given rise to microsimulation models, as it 

conceptualises urban systems being too complex to be represented in classical mathematical 

models. Understanding that the individuals’ interactions and decisions compose the aggregate 

behaviour of social systems (O’Sullivan et al., 2012), researchers have turned to modelling urban 

development as a bottom-up process with collective interactions of individual agents (e.g. 

persons, businesses and organisations). Prevalent microscopic modelling, including, for example, 

cellular automata and agent-based models, has relaxed the previously rigid microeconomic 

assumptions to better reflect heterogeneity in individual behaviours (Liu, 2008: 13; Batty, 2009).  

 
3 Matched-pair analysis can be based on descriptive comparisons between similar samples within and outside the area influenced 

by the policy. 
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Cellular automata are cell-based models, in which individual geographic cells play the role of 

immovable agents influenced by their neighbours. Their compatibility with geographic 

information systems and remote sensing data make them particularly suitable for land use 

modelling applications (Torrens and O'Sullivan, 2001). Among a few cellular automata models 

that consider a price mechanism in the land market, Caruso et al. (2007) developed an automata-

based microeconomic model that allows for land-use changes from agricultural to residential, 

based on the utility maximisation of potential new immigrants. However, the model only focuses 

on the demand side, as the selling price of rural parcels is assumed to be fixed across space, and 

only renters can capture gains from the land transaction. In contrast, Diappi and Bolchi (2008) 

developed a supply-oriented framework of urban regeneration decisions made by landlords and 

developers. Potential estate property rents are exogenously determined, while the model derives 

capitalised rents of the properties across the city, based on a quality decay function. Torrens 

(2007) proposed a land market interaction with price updated on both the demand and supply 

sides. The offering price of a property proposed by a settled household is exogenously given but 

will be discounted if not sold or rented for a given period. A relocating household will buy or 

rent a property based on their individual preferences on property, wealth, and ethnic segregation.  

 

Another research strand, emphasising interacting individual components on certain rules and 

constraints, falls under the general category of agent-based models (Grimm et al., 2005). For 

instance, Parker and Filatova (2008) and Filatova et al. (2009) developed an agent-based land 

market model to account for micro interactions between heterogeneous buyers, sellers and 

developers of spatial goods (e.g. housing) and macro feedbacks of market transactions. The 

functions of willingness to pay (for buyers, bid price) and willingness to accept (for sellers, ask 

prices) are formed for different types of agents to support rule-based interactions. However, 

when applied to empirical studies, the detailed parameterization of utility and profit functions for 

multiple agents is hard to be derived without transaction data sets including buyers’ or sellers’ 

demographic characteristics (Lambin and Geist, 2008). In addition, Wang and Waddell (2013) 

developed a real-estate price module in UrbanSim using hedonic regression and agent-based 

models to simulate market price, and the models could be run iteratively for location choices to 

complete a short-term partial equilibrium (Simmonds et al., 2013).  

 

The microsimulation framework has been valuable in understanding the land market in three 

aspects. First, its ability to model microscopic interactions between agents offer new insights into 

the depiction of human behaviours. Microsimulation models enable the possibility of rules-based 

interactions within a group. For instance, the attractiveness of a land submarket can change due 

to its continuously updating socio-demographic profile incurred by relocating agents (Lambin 

and Geist, 2008). Second, microsimulation can represent diversity and variability in describing 

and highlighting the processes of changes, thereby better reflecting the market dynamics in a 

real-world urban development process. Third, by representing the behaviour of different agents, 

the model can be made transparent to show users how interactions are modelled. Therefore, 
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microsimulation can be intuitive, as storytelling, pedagogy (e.g. teaching tools), and informed 

speculation (Batty, 2008a). 

 

Nevertheless, microsimulation models are not without their weaknesses. First, strengths in 

representing diversity and variability at the individual (or household) level mean that they will 

need to represent the stochastic effects and price sentiments in the market. This can be 

burdensome insofar as the observations (or data) needed for calibration and validation 

(Heppenstall et al., 2019). Second, modelling price effects on each individual’s residential 

property may have its drawbacks in public consultation because the attention of the stakeholders 

is often diverted to checking whether the model has represented individual known properties 

instead of broad patterns. If the results of agent-based models are only represented in groups of 

population and neighbourhood areas, then their power for representing diversity and variability 

will be under-utilised. Third, predictions on the future of individual agent behaviours would be 

subject to considerable uncertainties. The richness of the model structure makes the evolving 

linkages between dependent and independent variables difficult to observe (Batty and Torrens, 

2005), since research on the evolution of heterogeneous agent behaviours at this detailed level is 

limited. 

 

Land-Use and Transport Interaction (LUTI) models 

 

LUTI models are designed to comprehensively simulate how cities operate under the interactions 

between land-use activities and transport, offering quantifications of possible outcomes of 

planned interventions. The application of LUTI models originated in the United States in the 

1960s by Hansen (1959) and led to different clusters, with the advancements in theory and 

computational ability (Batty, 2008b).  

 

The LUTI framework was first built on the spatial interaction approach, derived from physics as 

an analogy to the law of gravitation. Lowry's (1964) Model of Metropolis was the first attempt to 

simulate the nested interactions between residential location and employment (service and retail) 

location models. However, early models were theoretically weak and required large empirical 

data sets to estimate the basic relationships between model factors (Echenique, 2004). 

 

Coupled with improvements in computing power, the theoretical basis of spatial interaction 

models has been extended to integrate the input-output framework (Leontief, 1936), entropy4 

maximising approaches (Wilson, 1970), and random utility theory (McFadden and Zarembka, 

1974). Compared with early aggregate models, more fine-grained model applications through 

GIS and big data analyses have recently emerged (Batty et al., 2013). 

 

 
4 The degree of disorder in a system. In the LUTI models, entropy maximisation can be applied to estimate trip distribution 

derived from relative locations of jobs and housing. 
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The seeds of comprehensive microsimulation models have also been sown in the LUTI 

framework (Iacono et al., 2008). For example, the model developed by the Institute of Spatial 

Planning, at the University of Dortmund (IRPUD), was initially designed and implemented in 

1977 and contains a Monte Carlo microsimulation module of the housing market (Wegener, 

1982; Wegener, 2011). Further adoption of microscopic dynamic simulation has been applied to 

both the transport and land-use modules in integrated land-use modelling and transportation 

system simulation (ILUMASS), building on the experience of Wegener and his group at the 

University of Dortmund. The collections of individual’s microdata were taken into account, 

contributing to the microsimulation of demographic change, household formation, firm 

lifecycles, residential and non-residential construction, and labour and household mobility 

(Moekel et al., 2003; Strauch et al., 2005). 

 

Lee (1973) accused the LUTI models of seven sins: hyper-comprehensiveness, grossness, 

mechanicalness, expensiveness, hungriness, wrongheadedness, and complicatedness. Until now, 

many technical problems of the early models have been addressed with increasing computational 

ability, better data sources, and more solid theoretical foundations. The improved capabilities 

made it possible for planners to deal with more specific social problems or other aspects of the 

planning context through up-to-date LUTI models (Harris, 1994). A number of comprehensive 

reviews of operational LUTI models can be found in Batty (1976 [2010]), Iacono et al. (2008), 

Wegener (2014) and Acheampong and Silva (2015). 

 

Nevertheless, price mechanisms tend to be understated in conventional spatial interaction models 

(Bröcker and Mercenier, 2011). Among recent attempts, Ho and Wong (2007) introduced an 

exogenously defined housing rent function depending on demand density to simulate residential 

location choices. Jara-Diaz and Martinez (1999) and Martínez and Araya (2000) used housing 

rents as a function of zone characteristics to replace observed prices to make the residential 

location choice framework consistent with the bid-auction approach (with relaxed restrictions), 

while ad-hoc situations equilibrating markets are not convincing enough for price generation 

(Bröcker and Mercenier, 2011). In general, a dynamic supply-demand relationship among 

product and estate property markets is not the focus in LUTI models that are mainly used for 

simulating location choices and transport policies. Note that specific and comprehensive 

incorporation of rigorous microeconomics foundations into the LUTI framework is categorised 

as parts of the spatial equilibrium models and will be discussed later. 

 

The strengths of LUTI models can be summarised as: (1) their ability to provide a holistic 

perspective to reveal the impacts of key planning policies regarding land-use and transport, and 

(2) their explicit incorporation of transport networks and spatial constraints (e.g. floorspace) that 

are informative for policy making over explicit time horizons (Jin et al., 2013). 

 

However, the shortcomings of LUTI models are also evident. First, they lack the power to 

capture the interaction between price and demand in spatial terms, because an endogenous 
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market is rarely addressed in these models (Jin et al., 2013). Second, assumptions of linear 

relationships in spatial interactions result in fixed coefficients, which require additional 

calibration efforts for different times. Third, the micro-dynamics of urban systems, which are of 

critical importance in understanding development trends, are often not considered.  

 

General equilibrium models 

 

Compared to reduced-form econometric models (e.g., hedonic price models), structural general 

equilibrium models are another widely accepted tool in urban economic theory. Structural 

general equilibrium models provide a longer-term and more holistic perspective on how urban 

policies and development strategies can influence property markets. The theoretical foundation 

of urban economic models can be traced back to the age of von Thünen (1826) and Alonso 

(1964), with their seminal illustration of the bid-rent curve. Households and firms make their 

location choices based on the equilibrium in the market, that is, the asking rent matches the bid 

rent.  

 

General equilibrium research bifurcates into two interrelated strands. On the one hand, Wassily 

Leontief’s invention of input-output tables offers valuable information on resource allocation and 

interdependence in the economic system of a single country or region (Leontief, 1936). His 

proposed model of general interdependence does not require optimisation or equilibrium in the 

traditional sense and emphasises the interrelations among different parts of a national economy, 

including prices, outputs, investments, and incomes (Rose, 1995). Leontief’s work is followed by 

a spatial extension to interregional (Isard, 1951) and multiregional (Chenery, 1953; Moses, 1955) 

input-output analysis.  

 

Based on these theories, Echenique et al. (1969) developed one of the first static equilibrium 

models featuring both urban stock and activity as a precursor to their famous MEPLAN5 model 

(Echenique et al., 1990). The stock model allocates floorspace while the activity model 

distributes population constrained by the transport network and available urban floorspace. Trade 

flows, converted as demand for commercial and passenger traffic by sector between zones, are at 

the very heart of spatial equilibrium models. However, the spatial relations between producers 

and suppliers remained fixed in application until de la Barra (1989) first proposed the use of 

random-utility-maximisation-based models for updating trade coefficients (i.e. supply chains and 

trade patterns) (Bachmann et al., 2014). Note that input-output approaches are often one-side 

demand driven, making it difficult to consider effects from the supply side (e.g. cost and capacity 

variations) (Bröcker, 1998). 

 

On the other hand, Walras (1874 [2013]) proposed one of the first comprehensive mathematical 

analyses of general equilibrium where productive factors, products, and prices adjust in 

equilibrium. Walras’s law states that the value of market demands equals the value of the 

 
5 A software package developed by Marcial Echenique & Partners. 
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economy’s endowments and is satisfied when, at any set of prices, the total value of consumer 

expenditures equals consumer incomes. Arrow and Debreu (1954) developed an applied 

framework based on the Walrasian general equilibrium structure and guaranteed the existence of 

a general equilibrium using a set of conditions. Following this abstract general equilibrium 

structure, Computable General Equilibrium (CGE) models gradually evolved based on the use of 

empirical economic data. Compared with the input-output framework, CGE models better 

represent institutions and possibilities of non-linearities and substitutions in response to market 

signals (Rose, 1995).  

 

Acknowledged as an economywide model, CGE models describe the motivations and behaviour 

of all producers and consumers in an entire economy and the linkages among them (Burfisher, 

2011: 1). Numerical solutions to the equilibrium state at the level of supply, demand, and price 

greatly support the analysis of policies’ economywide impacts (Wing, 2004). The ability to 

quantify the values associated with the outcomes of various ‘what if’ scenarios allows the 

modellers to make a powerful contribution to debates about urban policy. Spatial CGE (SCGE) 

models can further consider multiple regions as independent economies within one framework. 

For instance, the ‘shock’ of rail infrastructure development causes regional economic impacts 

through direct drivers, such as land use effects, output stimulus effects, and demand effects 

(Chen, 2019). 

 

A more recent branch of CGE applications focuses on transport–land-use nexuses (De Palma et 

al., 2011). Starting with the Chicago Area Transportation and Land Use Analysis System 

(CATLAS), Anas (1982) used a discrete choice framework to examine the effect of 

transportation investment on housing and land values. The model was then further developed 

into METROSIM (Anas, 1994) and NYMTC-LUM (Anas, 1998) for simulation in the New York 

City transit system, with comprehensive organisation of elements such as employment, 

residential and commercial real estate, vacant land, households, work and non-work travel, and 

traffic assignment (Iacono et al., 2008). However, economists mainly focus on the equilibrium 

price, rather than on how markets achieve equilibrium or adapt over long periods (Varian, 2014: 

3).  

 

Static equilibrium assumptions were made in early models where market clearing was an 

idealised state, without considering the chronological time or initial conditions (Anas, 2013).  

General equilibrium models enjoy several advantages. First, their solid foundation in economic 

theory regarding production and consumption leads to endogenously determined prices based on 

market-clearing mechanisms. Second, they can model not only at an intraurban scale but also at 

an interurban scale. These models can better reflect the interconnections between market 

investment, physical flows, and socioeconomic changes in a city region, and allow for the 

incorporation of a wide range of spatial assessment tools. 
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The general equilibrium framework also has its own limitations. First, although some urban 

economic models have been made recursive or dynamic at an exploratory stage, the theoretical 

base has determined its static essence in nature. Most of the current spatial equilibrium models 

focus only on the end state of equilibrium rather than the process towards it. Second, despite the 

prevalent utility-maximising assumption in understanding urban markets, overemphasis on group 

behaviour (as a representative agent approach) in aggregate model systems is criticised for its 

inability to consider idiosyncratic motivations of individuals. Therefore, new knowledge about 

emergent phenomena or the micro dynamics of urban development is challenging to uncover 

(Batty, 2008a). Third, the transportation component in spatial equilibrium models is rarely well-

developed and tightly integrated. 

 

Constraints on the State of the Art in LVC 

 

The increasing emphasis on land use planning for fiscal health presents a reciprocal way to 

improve the quality of urban life and sustain public finance. Against this backdrop, land value 

capture (LVC) has been touted as a useful financing instrument able to capture and reinvest 

public-induced land value increments to defray infrastructure costs and simultaneously improve 

public well-being.  

 

Nevertheless, the state of the art in LVC faces both technical and political barriers. On the 

technical side, successful implementation of LVC suffers from irregular revaluations and 

assessments of properties, making land-related taxations and charges poorly related to nominal 

market prices (Crook and Whitehead, 2019). Although information on property values is 

increasingly available (Falk, 2019), current LVC still relies on expert judgement (e.g., land 

surveyors) for a specific project and a limited period. Scant LVC research, if any, is designed to 

understand the magnitude of land market changes for several decades into the future. 

Specifically, most research focuses on how much value increment has been achieved (Dunning et 

al., 2019), rather than the size of LVU that can be captured in the future. The shortage of long-

term considerations is attributed to the lack of a comprehensive evaluation framework of land 

value effects. 

 

Obstacles also exist on the political side, such as bureaucratic inertia, while a certain political 

impetus should be considered in promoting LVC practice in all planning contexts. For instance, 

capturing land values is merely one component of planning policy and taxation (Catney and 

Henneberry, 2019). Wider policy objectives should be considered when implementing LVC, 

while quantifiable evidence on how to share the public benefits across departments can facilitate 

coordination among public sectors and political parties. Furthermore, the receipts from LVC are 

disproportionally concentrated in high-demand areas, such as main metropolitan cities (Falk, 

2019), and how the resources can be reasonably allocated to support regional development 

remains to be explored. Local planning authorities should also act beyond passive recipients of 
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planning gain (from existing LVC methods) and actively engage in exploring the untapped 

potential of value uplift (Dunning and Keskin, 2019). 

 

Summary 

 

Among existing methods used to model and predict land value effects, hedonic price models are 

most commonly adopted in project-based evaluations, but their emphases on correlations (rather 

than causality) and direct effects (without incorporating indirect planning influences) limit their 

applications to forecast planning-induced value uplift. Microsimulation models are emerging 

rules-based tools that are valuable in highlighting individual interactions, processes of changes, 

and intuitiveness in storytelling. However, they have drawbacks in data-hungriness for 

calibration and validation, limitations in representing broad patterns (due to their main focus on 

diversity and variability), and limited capacity to forecast uncertainties in future agent 

behaviours. 

 

Two other prevalent methods, LUTI and spatial equilibrium models, are more applicable at the 

city-regional level to account for the impacts of large-scale urban development. Both methods 

have the merits of a holistic perspective to understand the comprehensive impacts of land-use 

and transport development and share the same drawbacks in representing micro-dynamics in 

urban systems. LUTI models are more informative to incorporate transport network and spatial 

constraints over explicit time horizons but lack enough power to reflect price mechanisms and 

non-linear relationships in urban growth. Spatial equilibrium models can address these 

weaknesses based on their solid foundation in economic theory; although they put more 

emphasis on static time point and usually lack a well-developed and tightly integrated 

transportation component. 

 

Against this backdrop, the following section proposes a new theoretical spatial equilibrium 

framework that can measure, model, and predict city-regional and long-term land value effects 

and related social benefits from spatial planning strategies. On the one hand, the proposed model 

inherits the LUTI structure for its strengths in modelling cross-sectional dynamics under 

planning scenarios of various large-scale urban developments (i.e., jobs, housing, and transport). 

This advancement enables the model to develop new insights into LVC for wider policy 

implications across government departments, as well as bolder planning interventions (e.g., 

locational choices for new sub-centres). On the other hand, the framework rests on a 

microeconomic foundation to best reflect supply-demand relationships in multiple urban 

markets, particularly the floorspace (land) market. The model outputs quantify the amount of 

LVU to capture, explain the causes and effects, and identify when and where the developments 

are most needed. It thus begins to fill the knowledge gap regarding long-term LVC prospects and 

spatial trade-offs between high- and low-demand areas. 
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Model Structure and Application 

 

A Recursive Spatial Equilibrium Framework 

 

We have developed a recursive spatial equilibrium framework for modelling long-term changes 

in multiple urban markets (labour, product, and real estate) across a city region, subject to 

periodical updates represented by land-use and transport planning policies. The model combines 

the strengths of: (1) a spatial CGE framework that builds on rigorous microeconomic 

foundations of supply-demand relationships to simulate prices, wages, and rents at a specific 

time point, and (2) specific scenario designs that represent changes between static equilibria to 

acknowledge uncertain events, supply-side interventions, and market inertia across time 

horizons. The model can describe the behaviours of households and firms in a closed economy 

and measure the influence of jobs, housing, and transport developments on the land market over 

the long term (Figure 3).  

 

Figure 2. A Recursive Spatial Equilibrium Model 

 

 
Source: Authors 

 

Specifically, the model describes the efficiency-maximising behaviour of firms and the utility-

maximising behaviour of consumers. On the one hand, producers respond to consumer demand 

to provide goods and services by spending on workers, capital equipment, and business 

floorspace. On the other hand, producers’ wage costs accrue to consumers, who spend their 

income on the product and floorspace markets. Interactions between the labour,6 product,7 and 

floorspace8 markets close the loop. The model simulates this simultaneous loop, with fully 

interdependent model zones and transport connections.  

 

The following sub-sections present key components used in the model development, while full 

details on the model equations, parameters, and variables appear in Appendix A. 

 
6 Supply of labour by households and demand for labour by firms. 
7 Supply of goods and services by households and demand for goods and services by firms. 
8 Supply of floorspace by developers and local governments and demand for floorspace by households and firms. 
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Figure 3. Model Inputs and Outputs 

 

 
Source: Authors 

 

Model Development Overview 

 

The model is designed against the backdrop of severe and worsening regional economic 

imbalances in the UK and China, and the policy aspiration to reduce such regional disparities. On 

the one hand, the model accounts for the agglomerative benefits which drive new and innovative 

businesses towards growth hot spots. On the other hand, it incorporates the supply constraints for 

land, housing, business premises, transport infrastructure/services, and the capacity of the natural 

environment, which drive up rents, prices, and financial and social costs that may, in turn, 

discourage new investments in existing growth hot spots, if the balance is lost among jobs, 

housing, and transport. The specific interactions among the above forces give rise to a wide variety 

of circumstances, under which individuals, businesses, and institutions make their own choices 

over particular time scales and as far as possible make the best of their current situations and move 

towards locations that would better suit them. 

 

Examining regional disparities through this lens makes it clear that rebalancing economic growth 

is not necessarily a zero-sum game. For instance, if growth is channelled from current hot spots to 

lower growth regions to ease supply constraints, both types of regions may benefit; if, however, 

businesses and institutions are relocated from growth hot spots to lower growth regions with little 

regard to the logic of how they grow, both types of regions may lose out. One of the objectives of 

scenario analysis is to investigate the scope and mix of policies that support win-win interventions, 

as well as inter-regional fiscal transfers. In this way it is possible to enable continued success of 

high-growth regions whilst unlocking the potential of current low-growth regions. 

 

In this context, it is clear that modelling at the national scale has clear added value to local 

economic analyses and policy making. Regional inequalities cannot all be tackled by local actions 

alone. In order to provide policy-cogent findings in the face of enormous uncertainties regarding 
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economic, social, demographic, and technological developments over the long run, scenarios are 

designed through:  

• clearly separating factors subject to great uncertainty or highly political, local decision-

making processes, from those factors proven to be highly predictable over time, using 

empirically well-validated prediction models. For instance, the sectoral and geographical 

distribution of jobs over this period will be subject to highly uncertain changes in 

international trade relations as well as technological shifts; the quantum of housing supply 

and transport improvements in any geographical area is highly dependent upon local 

political processes. By contrast, subject to the overall demographic trends and local 

attitudes towards the natural environment, house building, and road construction, the 

choices people make regarding where house building and transport improvements take 

place, where they live and work, and how they travel have proven to be reasonably 

predictable by good quality models, owing to the fact that (i) demographic, cultural, and 

social trends tend to evolve slowly, with reasonably predictable trajectories of change, 

and (ii) the law of large numbers makes it feasible to estimate good statistical models 

when dealing with choices across tens of millions of people; and 

• comprehensively covering all the main planning and development alternatives, drawing 

upon historical and international experience, by incorporating scenarios considered 

important to the policy discussions in the respective countries and regions.  

 

The focus of the scenario tests is placed on how balanced they are regarding the distribution of 

jobs, housing, and transport. Scenario tests aim to quantify the extent of coordination likely to be 

achieved for a given distribution of jobs, housing, and transport supply, and the consequences of 

a significant failure to halt trends towards growing polarisation, in terms where future development 

takes place. In other words, the model treats developments in jobs, housing, and transport as 

components of one integral system, drawing upon research from multiple policy areas. 

 

The focus of scenario-based modelling is therefore to introduce fresh thinking to: 

• ensure coherence and consistency of economic policies at the city region scale. 

• identify the best use of skills and other resources of all city regions. 

• identify a framework to design national and local interventions through informed policy 

debate. 

 

In order to introduce fresh thinking, the scenario inputs themselves should cover the full range of 

future possibilities in terms of background trends and policy options. Our past experience shows 

that novel scenario options often work well in stimulating policy discussions across stakeholder 

groups and attracting public debate. For this explorative purpose, scenarios are best designed as 

highly original and contrasting ones, rather than minor tweaks of the status quo. It is often 

preferable not to single out a preferred scenario at the outset of policy discussions, so that at the 

consultation stage all stakeholders can be easily invited to comment on all scenarios without the 

tether of a ‘preferred’ label. 
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Scenario inputs should cover all policy levers (e.g., house supply, transport investment options, 

various aspects of industrial policy) and those economic variables that are highly uncertain (e.g., 

GDP growth at the national level, GVA, and employment growth at the local level).  

 

For concepts of model calibration, verification, validation, and corroboration, the classical 

definition of these terms is followed as defined by Batty (1976) to maintain the level of rigour 

required for land use, built form, and transport modelling work. Whilst model calibration is the 

process of defining and estimating model parameters and coefficients, model verification checks 

whether the model is capable of reproducing the results implied by the model calibration process.  

Model validation, in a strict sense, requires the model to predict observations that have not been 

previously used for model calibration. For the development of this model, we follow the more 

rigorous procedure of calibrating models for an initial year and then require the model to predict a 

new year’s observations. Models are corroborated by comparing predictions from models that 

follow separate and distinct methods to see if the predictions are comparable, even if the 

predictions are worked out in different ways. Model tests use historic data to calibrate, verify, and 

validate model structures and parameters. In particular, the model development process includes 

first calibrating the model for an initial year, and then validating the model for one or more base 

years (for this procedure, see Wan and Jin, 2017). 

 

Consumers 

 

Given the discrete choices of workplace and home locations, consumers decide on three 

continuous variables: (1) the annual consumption in quantity of each type ( r ) of goods and 

services at each potential production zone ( z ), (2) the quantity of the chosen type m  of dwelling 

unit to rent, and (3) the time allocation between work and leisure, if employed. The mixed discrete-

continuous direct utility (quantity-based) in the model is to be maximised, given by a Cobb–

Douglas constant elasticity of substitution function: 
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where the coefficients f , f , f  >0 ( 1f f f  + + = ) are the shares of expenditures on goods 

and services |rz fijZ , housing floorspace/unit |m fijb  and leisure time fijl . 1/ (1 )f−  and 1/ (1 )f−  

are the elasticities of substitution for goods and services, and housing floorspace, respectively, 

assuming 0 1f   and 0 1f   following Dixit and Stiglitz (1977). |rz fij  and | 0m fij   are 

constants that measure the inherent attractiveness of certain goods and services, and housing types 

to consumers of type f . A consumer purchases more from a location with a higher inherent 

attractiveness, given constant prices. 
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Producers 

 

Producers are represented by a Cobb–Douglas constant elasticity of substitution function that 

incorporates capital, labour, floorspace, and intermediate inputs, such as raw materials and 

services. The production function is given by:  

 
2

0 0 1

( ) ( ( ) ) ( ( ) ) ( )
r r

rsr r r r r

F
v

rj rj rj r rfj fj rkj kj rsj

f k s

X E A K L B Y

 

    
 

= = =

=     (2) 

where rjX  is the production output of industry r  in zone j . rK , fjL , kjB  and rsjY  are the 

quantity of capital, labour, business floorspace, and intermediate inputs, respectively, where rv , 

r , r  and rs  are their cost-share parameters subject to 1r r r rs

s

v   + + + = .  

For f  varieties of labour and k  varieties of business floorspace, a constant elasticity of 

substitution function was used to represent the substitution effect within each input, as 1/ (1 )r−  

and 1/ (1 )r− , respectively. rfj and rkj  represent the inherent attractiveness of type- f labour 

input and type- k  business floorspace, respectively. rjE  is a constant scalar for unit conversion. 

rjA  is an economic mass function introduced to increase external return to scale in production. 

The economic mass function is defined as ( / )rj rj j jA A M M = , where rjA  is a constant 

representing the baseline agglomeration effects, jM  is a function of the economic mass of zone 

j, jM  is a constant representing the baseline economic mass in j, and   is a scale parameter. 

 

Location choices 

 

A multinomial logit model was developed for employed residents’ choice of employment-

residence location.  
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where ijS  is size term that compensates for the bias introduced by the uneven sizes of zones in the 

model (Ben-Akiva and Lerman, 1985). fijv  is the observable utility, and f  is the dispersion 

parameter that reflects the degree of independence amongst alternatives of residence-employment 

location. 

 

The observable residence-employment location utility fijv  can be written as: 

 fij fij fij fij fijv U d E= − − +   (4) 

where fijU  is the indirect (price-based) utility of consumer f  living in home i  and working in 

zone j . fijd  is a log-linear transformation of travel disutility, fij  is the observable non-monetary 

barriers, and fijE  is the zonal residual attractiveness of the pair of locations ( , )i j .  

 



18 

Equilibrium Conditions 

 

The general equilibrium structure of the SE model requires three sets of equilibrium conditions to 

be satisfied simultaneously, conditional on the transport conditions, that is, the expected monetary 

cost of transport and travel time. 

 

(1) All consumers maximise utility subject to budget and time constraints (Marshallian) or 

minimise expenditure subject to a given utility target (Hicksian).  

(2) All producers minimise costs subject to a constraint in the supply of input factors and 

technology. Producers are competitive and operate under constant returns to scale. The 

minimised production price equals the average and marginal costs, implying zero economic 

profit. See the above ‘Producers’ section for details. 

(3) All markets are clear with zero excess demands, including (a) the residential and business 

floorspace markets for each type in each zone, (b) the labour market for each 

socioeconomic group in each production zone, and (c) the product market of each product 

type in each production zone.  

 

Model Closure 

 

The key inputs of the model can be categorised into two groups: (1) metropolitan totals that 

assume the overall changes in economy, labour force, population, and floorspace; and (2) zonal 

distributions of jobs, housing floorspace, and transport improvements. The metropolitan totals 

can be sourced from local comprehensive plans and economic projections. In order to determine 

the zonal amount, which is subject to the overall metropolitan totals, we assume that local 

planning authorities have decentralised power. 

 

The key model outputs are: (1) where employed residents live and work, (2) floorspace rents 

(and land prices), (3) wages and quality of life, and (4) prices of goods and services. As Figure 3 

shows, all components are closely interconnected, and any supply changes (in key inputs) will 

lead to a new equilibrated point on the demand side, thereby yielding updated outputs. 

 

Post-Model Analyses 

 

Estimating Land Value 

 

Housing and residential land value is estimated on the basis of the model’s housing rent output, as 

a part of the post-model analyses.9 Note that land value is defined as the unit value per floorspace 

 
9 To simplify the development of the model, only residential land prices were considered, assuming that non-residential 

floorspace had a stable supply-demand relationship (in other words, provision of business floorspace was in line with job 

growth). Only construction land was considered in this study, signifying that the values of natural resources (e.g., lakes, rivers, 

and grassland) and road infrastructure were not within the scope of this research. 
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(i.e., floor area), rather than land area, to better reflect the high-density development in the study 

areas. 

 

First, a gross rent multiplier approach is used to derive property value, and then a residual method 

is adopted to estimate land value. A set of exogeneous intermediate variables are introduced for 

the estimation, namely: (1) the average size of a housing unit, (2) price-to-rent ratio (i.e., the ratio 

of housing values to annualized rents), and (3) construction costs (including the associated 

infrastructure costs). The conversion process is summarised in Table 1. 

 

Table 1. A Sample Estimation of Land Value 

 

 2020 2070 Notes 

Housing rents (£/unit/month) 700  1,400  Model outputs 

    × Price-to-rent ratio 300 300 

Observed data 

(assuming constant across 

years) 

    ÷ Average unit size (m²/unit) 90 90 

Observed data 

(assuming constant across 

years) 

Housing price (£/m²) 2,333 4,667  

    - Construction costs (£/m²) 1,272 1,445 

Observed data 

(with growth rates at half the 

GDP increment) 

Land price (£/m², floor area) 1,061 3,222  

Land price / housing price 45.5% 69.0%  

 

Estimating Public Receipts from Land Value Uplift 

 

Two major government receipts associated with land value uplift, namely, property tax and 

developer contributions, were taken into consideration. They are estimated on the basis of the 

property value derived from the model outputs. For property tax, the proportion of taxable areas 

and the tax rate were used to estimate the local receipts from the property market across years. 

 

 %Scenario Scenario ScenarioAnnualised Property Tax Price Area Taxable Area Tax Rate=      (5) 

 

The values of developer contributions associated with new developments were also estimated by 

applying the developer contributions ratio. The property price between the base year and 
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scenario year was assumed to have linear growth, and the values of new developments were 

conjectured to be assessed at market prices.10  

 

 

1
( ) ( )

2
Scenario Base Scenario Scenario BaseDeveloper Contributions Price Price Area Area

Developer Contributions Ratio

= +  −



  (6) 

 

 

Study Area and Data 

 

Study Area and Zonal Division 

 

This research focuses on the prospects of land value uplift in Great Britain (the GB model) and 

the Yangtze River Delta region (the YRD model). The zonal divisions follow district-level 

administrative areas, namely, local authority districts in the UK and counties in China. The 

models are developed at the zonal level, with results aggregated to the defined city regions for 

analysis (Figure 4 and Table 2). 

 

Figure 4. Zonal divisions 

 

 
Source: Authors 

 

 
10 Note that alternative assumptions are possible but would not affect the broad conclusions reached in the following sections. 
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Table 2. Zonal Divisions in the Two Models 

 

Zonal categories Great Britain The Yangtze River Delta region 

City-regions 

1. London and Wider South 

East 

2. Midlands 

3. South West 

4. Northern England 

5. Wales 

6. Scotland 

1. Greater Shanghai 

2. Greater Nanjing 

3. Greater Suzhou 

4. Greater Hangzhou 

5. Greater Ningbo 

6. Greater Hefei 

7. Rest of Jiangsu 

8. Rest of Zhejiang 

9. Rest of Hefei 

Zones 
380 local authority districts 

in total 
307 counties in total 

 

Data and Modelled Years 

 

The data used for model calibration and forecasts are summarised in Table 3. The base year for the 

model calibration is 2011 (the census year) for the GB model, and 2015 (the by-census year) for 

the YRD model, due to data availability. As for the model forecast, the GB model simulates urban 

changes towards the years 2020, 2031, 2051, and 2071. The YRD model runs towards 2020, 2035 

(to be consistent with local planning timelines), 2050, and 2070.  

 

Table 3. List of Data Items and Sources 

Sections Items 

Data source Use for model development 

GB YRD Base year 
Forecast 

year(s) 

Economy 

Price level 

Office for 

National Statistics 

(UK) 

National Bureau 

of Statistics of 

China 

Control over the study area 

Gross Value Added 

(GVA) and Gross 

domestic product (GDP) 

Control over the study area 

Wages Input for calibration Output 

Residents and 

employment 

# Employed residents 

Census Census 

Input for calibration Output 

# Employed workers Input Input 

Household composition Input Input 

Real estate 

Residential floorspace Census Census Input Input 

Housing rents 

Office for 

National Statistics 

(UK)* 

China's Society of 

Real Estate 
Input for calibration Output 

Price-to-rent ratio 

Office for 

National Statistics 

(UK)** 

China's Society of 

Real Estate 

For post-model 

analyses 

For post-

model 

analyses 

Construction prices 
Turner & 

Townsend*** 

National Bureau 

of Statistics of 

China 

For post-model 

analyses 

For post-

model 

analyses 

Transport 

Travel matrix (distance, 

time and cost) 
Google Maps API Baidu Map API Input Input 

Journey-to-work matrix Census 

Estimation from 

anonymised 

mobile phone data 

Input Output 
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Notes: *The data are sourced from different statistical bulletins. England: ‘Index of private housing rental prices’; 

Scotland: ‘Private sector rent statistics: 2010 – 2020’; and Wales: ‘Private sector rents’. 

**Housing prices data are introduced to calculate the price-to-rent ratio. England and Wales: House Prices for Small 

Statistical Areas dataset 37 from the Office of National Statistics; and Scotland: ‘10 Year Property Market Report 

(2007-2017)’ from the Registers of Scotland. 

***The data are available at the city-regional level from the ‘international construction market survey’. We used 

constructions costs of medium standard apartments (i.e., the average of ‘low-rise apartments medium standard’ and 

‘aged care/affordable units’) for London and medium standard individual houses (i.e., ‘residential individual 

detached or terrace style house medium standard’) for all the other regions. In addition, the growth rates of 

construction costs are assumed to be half the GVA or GDP increment. There is an exception is in Scenario A (see 

the following sections for scenario description), where the construction costs in London are specifically assumed to 

be the average of low-rise and high-rise apartments due to the density increase. 

 

 

Model Results and Discussion 

 

Scenario Design 

 

The post-COVID scenario modelling work reported here aims to shed light on a wide spectrum 

of longer-term spatial development prospects now faced by both the UK and China, and to 

inform cogent strategic policy interventions amidst an unprecedented period of uncertainties. In 

spite of all these uncertainties, if one stands back and looks beyond the immediate event 

horizons, there are still many longer-term, steady trends continuing to fundamentally shape 

growth and development in the UK’s and China’s city regions. The scenarios in this study are 

designed in such a way as to help clarify what national, regional, and local scale interventions 

may be required and how to package coherent programmes of action. In essence, this is a 

proactive approach to exploring the future by designing it (Batty, 2018). 

 

Levels of Growth 

 

Two levels of growth are assumed: low growth and gradual recovery. Low growth should cover 

the lowest possible rates of population and productivity growth. Gradual recovery has the same 

list of variables but assumes that rates of growth will gradually build up in the post-COVID era ( 
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Table 4). Note that the overall labour participation rate (i.e., employed/total population) is taken 

to remain constant, and transport improvements are assumed to maintain the current door-to-door 

travel time through a combination of investment and demand management. In addition, Gross 

Value Added (GVA) is employed for the GB model, and Gross Domestic Product (GDP) for the 

YRD model to follow the local contexts. 
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Table 4. Annualized Growth Rate Assumptions for GVA/GDP per worker, wages, population, 

and number of workers (2020–2070) 

 

Model Assumptions 2010-20 2020-30 2030-50 2050-70 

GB GVA per worker (low) 0.47% 0.50% 0.50% 0.50% 

 GVA per worker (gradual)  0.55% 1.80% 2.95% 

 Wages (low) 0.42% 0.25% 0.25% 0.25% 

 Wages (gradual)  0.28% 0.90% 1.48% 

 Population and workers (low) 0.93% 0.10% 0.10% 0.10% 

 Population and workers (gradual)  0.55% 0.55% 0.55% 

YRD GDP per worker (low) 6.69% 5.00% 2.75% 1.00% 

 GDP per worker (gradual)  5.00% 4.25% 2.75% 

 Wages (low) 7.53% 5.00% 2.75% 1.00% 

 Wages (gradual)  5.00% 4.25% 2.75% 

 Population and workers (low) 0.87% 0.20% 0.20% 0.20% 

 Population and workers (gradual)  0.70% 0.70% 0.70% 

Note: All the absolute values are converted to 2011 constant prices (for the GB model) and 2015 constant prices (for 

the YRD model) using the Consumer Price Index.  

 

Representation of Spatial Policies 

Under the overall growth assumptions, two sets of alternative spatial-planning policy scenarios 

are proposed, with zonal growth differences in jobs and dwellings. These are: 

• Business-as-Usual, where the growth trends in each zone persist as observed in the past 

decade(s). The GB model and the YRD model extrapolate the growth over the periods 1991-

2019 and 2000-2015, respectively, according to data availability. 

• Convergent Economy, which sees the rates of growth across the city regions gradually 

converging towards an overall average. Meanwhile, the fastest-growing areas (i.e., London 

and the Wider South East in the GB model and Greater Shanghai in the YRD model) will 

spread their prosperity to currently low-growth areas, reflecting aspirations for a rebalanced 

economy. 

The combination of the above assumptions leads to four scenarios, as summarised in   
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Table 5. 
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Table 5. Summary of Four Scenarios 

  Rates of overall economic growth 
  Low Growth Gradual Recovery 

Geographic 

spread 

Business as Usual 
Scenario B  

Continued Regional Recession 

Scenario A  

Persistent Regional Imbalance 

Convergent Economy 
Scenario C  

Slow Levelling-up 

Scenario D  

Dynamic Recovery 

 

 

Table 6 and   
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Table 7 summarise the key inputs for the GB model and the YRD model, respectively. The 

details of the scenario settings appear in Appendix B (GB model) and Appendix C (YRD 

model). Note that the exploratory scenarios have rather extreme inputs to cover the entire range 

of potential outcomes regarding future urban developments. 

 

 

Table 6. Key Inputs for the GB Model by City Region 

 

 Jobs 

 (million) 

Dwellings  

(million) 
 2020 2071 (A) 2071 (B) 2071 (C) 2071 (D) 2020 2071 (A) 2071 (B) 2071 (C) 2071 (D) 

London & WSE 12.8 19.6 15.6 11.9 15.0 10.3 16.7  13.3  10.3  12.9  

Midlands 4.9 6.1 4.8 5.6 7.0 4.7 6.0  4.7  5.3  6.7  

South West 2.7 3.5 2.8 3.0 3.8 2.6 3.3  2.6  2.8  3.5  

N England 7.1 7.9 6.3 8.1 10.1 7.0 7.8  6.2  7.9  9.9  

Wales 1.4 1.6 1.3 1.6 2.0 1.4 1.7  1.3  1.5  2.0  

Scotland 2.5 2.8 2.3 2.9 3.6 2.5 2.8  2.3  2.9  3.6  

Total 31.4 41.6 33.1 33.1 41.6 28.5 38.3  30.5  30.7  38.6  

%annual growth  2071 (A) 2071 (B) 2071 (C) 2071 (D)  2071 (A) 2071 (B) 2071 (C) 2071 (D) 

London & WSE  0.87% 0.41% -0.13% 0.33%  0.83% 0.38% -0.12% 0.32% 

Midlands  0.42% -0.04% 0.25% 0.71%  0.44% -0.01% 0.23% 0.67% 

South West  0.53% 0.07% 0.25% 0.71%  0.54% 0.10% 0.22% 0.68% 

N England  0.20% -0.25% 0.25% 0.71%  0.22% -0.22% 0.24% 0.69% 

Wales  0.33% -0.13% 0.25% 0.71%  0.35% -0.10% 0.21% 0.71% 

Scotland  0.22% -0.24% 0.24% 0.70%  0.21% -0.23% 0.23% 0.69% 

Total  0.56% 0.10% 0.10% 0.56%  0.54% 0.09% 0.11% 0.55% 
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Table 7. Key Inputs for the YRD Model by City Region 

 

Jobs  

(million) 

Dwellings  

(million) 

 2020 2070 (A) 2070 (B) 2070 (C) 2070 (D) 2020 2070 (A) 2070 (B) 2070 (C) 2070 (D) 

Greater Shanghai 16.2  34.5  20.8  16.6  18.6  11.1  20.6  13.3  11.4  13.1  

Greater Nanjing 9.7  13.1  10.6  10.9  14.1  5.8  7.5  6.3  6.5  8.5  

Greater Suzhou 15.3  25.9  18.0  17.1  22.2  8.6  14.4  10.1  9.6  12.6  

Greater Hangzhou 14.9  23.7  17.0  16.6  21.6  8.7  13.0  9.8  9.7  12.6  

Greater Ningbo 10.9  16.5  12.4  12.1  15.8  6.4  8.8  7.0  7.1  9.3  

Greater Hefei 8.1  12.1  9.1  9.0  11.8  5.4  9.1  6.3  6.0  7.9  

Rest of Jiangsu 24.6  24.7  24.5  27.4  35.7  14.2  15.6  14.5  15.8  20.6  

Rest of Zhejiang 12.3  18.1  13.9  13.8  17.9  7.7  11.2  8.6  8.6  11.2  

Rest of Anhui 27.0  28.3  27.3  30.1  39.2  16.2  18.9  16.9  18.0  23.5  

Total 139.0  197.0  153.6  153.6  197.0  84.1  119.2  92.9  92.9  119.2  

%annual growth  2070 (A) 2070 (B) 2070 (C) 2070 (D)  2070 (A) 2070 (B) 2070 (C) 2070 (D) 

Greater Shanghai  1.52% 0.50% 0.04% 0.28%  1.25% 0.38% 0.06% 0.34% 

Greater Nanjing  0.61% 0.18% 0.22% 0.75%  0.49% 0.14% 0.22% 0.75% 

Greater Suzhou  1.06% 0.33% 0.22% 0.75%  1.03% 0.31% 0.22% 0.75% 

Greater Hangzhou  0.94% 0.27% 0.22% 0.75%  0.82% 0.24% 0.22% 0.75% 

Greater Ningbo  0.84% 0.27% 0.22% 0.75%  0.65% 0.20% 0.22% 0.75% 

Greater Hefei  0.81% 0.23% 0.22% 0.75%  1.04% 0.30% 0.22% 0.75% 

Rest of Jiangsu  0.01% -0.01% 0.22% 0.75%  0.20% 0.05% 0.22% 0.75% 

Rest of Zhejiang  0.76% 0.23% 0.22% 0.75%  0.74% 0.22% 0.22% 0.75% 

Rest of Anhui  0.10% 0.02% 0.22% 0.75%  0.32% 0.09% 0.22% 0.75% 

Total  0.70% 0.20% 0.20% 0.70%  0.70% 0.20% 0.20% 0.70% 

 

Assumptions about Government Receipts from Land Value Capture 

 

As noted in Equations (5) and (6), estimates of government receipts from land value capture are 

based on the property tax rate and developer contributions ratio. In terms of the property tax, GB 

has a long tradition of levying council taxes at the local level. Domestic residences are banded 

according to an assessment of their market value,11 while the council tax rates for each band are 

set by local authorities. In view of the complexity of the various exemptions and type of relief 

from council tax across city regions, this research assumes the same discounted rate of council 

tax at the sub-national level. The rates are estimated on the basis of the 2020 council tax 

collection statistics in England, Wales, and Scotland, as well as the estimated total private 

housing values12 from the model outputs. The annual discounted council tax rates for private 

housing stock are: 0.57% for England, 1.00% for Wales, and 0.83% for Scotland, giving 0.59% 

as the regional average. 

 
11  The assessed market values were set at 1 April 1991 and have not changed for England and Scotland. A revaluation took effect 

in 1 April 2003 in Wales. 
12 A proportion between private and social housing is introduced at the sub-national level based on the statistics 

(https://www.ons.gov.uk/peoplepopulationandcommunity/housing/articles/comparingaffordablehousingintheuk/april2008tomarch

2018). 
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The English planning system has legislated two types of developer contributions, namely (1) 

section 106 agreements (S106), whereby local planning authorities can negotiate obligatory 

contributions with developers on a case-by-case basis, and (2) the Community Infrastructure 

Levy (CIL), which charges a proportion of the sale value of a real estate development.13 The 

value of developer contributions published by the Ministry of Housing, Communities, and Local 

Government14 has been used to calculate the developer contributions ratios across the GB region. 

The regional average is 8.3%, with 7.7% in London and the Wider South East. 

 

Table 8. LVC Assumptions in the GB Model 

 
 % of ratable area Average property tax rate Developer contributions ratio 

London and WSE 83.6% 0.6% 7.7% 

Midlands 83.6% 0.6% 9.9% 

South West 83.6% 0.6% 9.8% 

Northern England 83.6% 0.6% 9.1% 

Wales 82.7% 1.0% 8.3% 

Scotland 76.4% 0.8% 8.3% 

Total 82.9% 0.6% 8.3% 

 

In contrast, China is one of the few countries across the world that does not implement property 

tax on the ownership of private residential properties (Liu, 2019), but such a tax is currently on 

the legislative agenda. In Greater Shanghai, for instance, policymakers are experimenting with 

an ad valorem property tax system based on a discounted (70%) market value for owned 

properties. Based on the property value estimated for the YRD region, the zonal proportion of 

owned properties (from the population census), discount rate (70%), and property tax rate (0.6% 

in line with the Shanghai’s trial policy) were used to derive the potential local receipts from 

property taxes. 

 

Land plots in urban areas are publicly owned in the Chinese context, where the Land 

Administration Law allows local governments to lease land to individuals or developers for a 

certain period (e.g. 70 years for residential use). In this case, developer obligations are assumed 

to be the difference between land development costs and land concession fees from the 

government perspective. Despite the limited statistics, Yang (2020) estimates that the ratio 

between land development costs and land concession fees is approximately 86% in Shanghai. 

This percentage has been used to assume that the ratio of developer contributions is, and will 

remain, 14% across the YRD region. 

 

 

 
13 The two developer contributions will be scrapped and replaced by a new Infrastructure Levy proposed by the UK government. 
14 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/907203/The_Value_and_Incide

nce_of_Developer_Contributions_in_England_201819.pdf 
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Simulation Results 

 

This section reports the key model outputs in terms of (1) housing rents and land value per areas, 

(2) total land value as a percentage of GVA/GDP, and (3) potential public receipts from land 

value uplift. 

 

Housing Rents and Land Value per Area 

 

The housing and land market evolves in response to diverse supply-demand shifts between 2020 

and 2070, triggered by the above-mentioned designed scenarios. Table 9 and  

Table 10 summarise the simulation results of price changes in housing and land markets for the 

GB and the YRD region, respectively. 

 

In Great Britain, housing rents and land value per area would remain the highest in London and 

the Wider South East towards 2070; although the annualised increment would vary across 

scenarios. In the business-as-usual case (Scenarios A and B), London and the Wider South East 

could enjoy an annual growth rate in land value of up to 1.9%, while the other areas would 

increase at a much lower rate than the regional average. By comparison, the convergent economy 

(Scenarios C and D) would lead to higher rates of increase in property value in currently low-

growth areas. 

 

Table 9. Housing Rents and Land Value in GB 

 

 

Housing rents  

(£1,000/unit/month in 2011 prices) 

Land value per floor area  

(£1,000/m² of floorspace in 2011 prices) 

 2020 2070 (A) 2070 (B) 2070 (C) 2070 (D) 2020 2070 (A) 2070 (B) 2070 (C) 2070 (D) 

London and WSE 1.0  2.3  1.4  1.1  1.8  1.8  4.5  2.7  1.7  3.2  

Midlands 0.6  0.9  0.5  0.7  1.1  0.6  1.1  0.5  0.7  1.6  

South West 0.7  1.1  0.7  0.8  1.3  1.0  1.9  0.9  1.3  2.6  

Northern England 0.5  0.8  0.5  0.7  1.1  0.3  0.4  0.2  0.5  1.2  

Wales 0.4  0.7  0.4  0.5  0.9  0.4  0.6  0.2  0.6  1.3  

Scotland 0.5  0.8  0.4  0.6  1.1  0.3  0.4  0.2  0.6  1.3  

Total 0.7  1.4  0.8  0.8  1.4  1.0  2.4  1.4  1.0  2.1  

% annual growth  2070 (A) 2070 (B) 2070 (C) 2070 (D)  2070 (A) 2070 (B) 2070 (C) 2070 (D) 

London and WSE  1.6% 0.5% 0.1% 1.1%  1.9% 0.9% -0.1% 1.2% 

Midlands  1.0% -0.1% 0.3% 1.4%  1.3% -0.2% 0.5% 2.1% 

South West  1.1% 0.0% 0.4% 1.4%  1.2% -0.2% 0.5% 1.9% 

Northern England  0.8% -0.3% 0.4% 1.5%  0.4% -1.4% 0.9% 2.6% 

Wales  1.0% -0.1% 0.5% 1.6%  1.0% -1.2% 1.0% 2.7% 

Scotland  0.9% -0.2% 0.5% 1.6%  0.8% -1.3% 1.4% 3.0% 

Total  1.3% 0.2% 0.2% 1.3%  1.9% 0.7% 0.1% 1.6% 

 

A similar trend can be witnessed in the YRD region. The average annual growth rates in housing 

rents would peak in Greater Shanghai, while the rest of the region would tend to have a slower 
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rental increase in the business-as-usual scenarios. In the convergent economy, the Rest of Anhui 

would enjoy the highest land value growth rate, 5.9%, compared to 4.3% in Greater Shanghai.  

 

Table 10. Housing Rents and Land Value in the YRD region 

 

 

Housing rents 

(¥1,000/unit/month in 2015 prices) 

Land value per floor area  

(¥1,000/m² of floorspace in 2015 prices) 

 2020 2070 (A) 2070 (B) 2070 (C) 2070 (D) 2020 2070 (A) 2070 (B) 2070 (C) 2070 (D) 

Greater Shanghai 2.0  16.6  7.2  6.9  15.3  14.2  126.2  53.1  50.9  115.3  

Greater Nanjing 1.2  9.8  4.2  4.2  9.8  4.7  48.7  18.8  18.8  48.9  

Greater Suzhou 1.3  9.3  4.3  4.3  9.7  3.8  36.5  15.1  15.3  37.6  

Greater Hangzhou 1.3  10.3  4.4  4.5  10.2  5.0  49.6  19.4  19.4  48.5  

Greater Ningbo 1.3  10.4  4.5  4.4  10.0  4.5  43.7  17.7  17.4  42.1  

Greater Hefei 0.8  6.1  2.8  2.9  7.0  3.4  31.5  13.2  13.8  36.2  

Rest of Jiangsu 0.7  5.0  2.4  2.5  6.2  1.1  13.9  5.6  6.3  18.5  

Rest of Zhejiang 1.1  7.8  3.5  3.6  8.1  2.8  29.7  11.9  12.0  31.0  

Rest of Anhui 0.5  3.7  1.7  1.9  5.1  1.0  11.5  4.6  5.4  16.7  

Total 1.1  8.9  3.8  3.7  8.6  3.8  42.5  16.0  15.3  37.6  

% annual growth  2070 (A) 2070 (B) 2070 (C) 2070 (D)  2070 (A) 2070 (B) 2070 (C) 2070 (D) 

Greater Shanghai  4.3% 2.6% 2.5% 4.1%  4.5% 2.7% 2.6% 4.3% 

Greater Nanjing  4.3% 2.5% 2.5% 4.3%  4.8% 2.8% 2.8% 4.8% 

Greater Suzhou  4.1% 2.5% 2.5% 4.2%  4.6% 2.8% 2.8% 4.7% 

Greater Hangzhou  4.2% 2.5% 2.5% 4.2%  4.7% 2.8% 2.8% 4.7% 

Greater Ningbo  4.2% 2.5% 2.5% 4.1%  4.7% 2.8% 2.8% 4.6% 

Greater Hefei  4.1% 2.5% 2.5% 4.4%  4.5% 2.8% 2.8% 4.8% 

Rest of Jiangsu  3.9% 2.4% 2.6% 4.4%  5.2% 3.3% 3.5% 5.8% 

Rest of Zhejiang  4.1% 2.5% 2.5% 4.2%  4.8% 2.9% 2.9% 4.9% 

Rest of Anhui  4.0% 2.4% 2.6% 4.6%  5.1% 3.2% 3.5% 5.9% 

Total  4.3% 2.5% 2.5% 4.2%  4.9% 2.9% 2.8% 4.7% 

 

Total Land Value 

 

The total land value in the GB model is estimated to be £1.8 trillion in 2020, which is 

approximately 1.6 times the regional GVA (  
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Table 11). In a continued regional recession (Scenario B), London and the Wider South East 

would become the only city region with a positive growth rate in total land value towards 2070. 

Compared to the business-as-usual scenarios led by the land value surge in London and the 

Wider South East, a convergent economy (Scenarios C and D) would lead to above-average 

growth rates outside London. 
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Table 11. Total Land Value in GB 

 

 

Total land value  

(£trillion in 2011 prices) Total land value / GVA  

 2020 2070 (A) 2070 (B) 2070 (C) 2070 (D) 2020 2070 (A) 2070 (B) 2070 (C) 2070 (D) 

London and WSE 1.8  6.9  3.3  1.6  3.8  2.2  1.9  2.4  1.6  1.5  

Midlands 0.2  0.6  0.2  0.4  1.0  1.1  0.8  0.8  1.1  1.1  

South West 0.2  0.6  0.2  0.3  0.9  1.9  1.3  1.4  1.9  1.8  

Northern England 0.2  0.3  0.1  0.4  1.1  0.7  0.3  0.3  0.8  0.9  

Wales 0.0  0.1  0.0  0.1  0.2  0.8  0.5  0.3  1.0  1.1  

Scotland 0.1  0.1  0.0  0.2  0.4  0.6  0.3  0.2  0.9  0.9  

Total 2.6  8.6  3.9  2.9  7.5  1.6  1.4  1.6  1.3  1.3  

% annual growth  2070 (A) 2070 (B) 2070 (C) 2070 (D)  2070 (A) 2070 (B) 2070 (C) 2070 (D) 

London and WSE  2.8% 1.2% -0.2% 1.6%  -0.2% 0.2% -0.6% -0.8% 

Midlands  1.8% -0.2% 0.8% 2.8%  -0.7% -0.7% 0.0% 0.1% 

South West  1.8% -0.1% 0.7% 2.6%  -0.8% -0.7% 0.0% -0.2% 

Northern England  0.6% -1.6% 1.2% 3.3%  -1.6% -1.9% 0.4% 0.6% 

Wales  1.4% -1.3% 1.2% 3.4%  -0.9% -1.7% 0.4% 0.6% 

Scotland  1.1% -1.5% 1.6% 3.8%  -1.1% -1.8% 0.8% 1.0% 

Total  2.4% 0.8% 0.2% 2.1%  -0.3% 0.1% -0.3% -0.4% 

 

The total residential land in the YRD region is worth ¥31.9 trillion in 2020, which is 

approximately 1.4 times the regional GDP (Table 12). The total land value in the YRD region 

would increase on average at 3.0%–3.1% per year in the low growth scenarios, and at 5.4%–

5.6% per year in the gradual recovery ones. Meanwhile, the ratio between total land value and 

GDP would rise from 1.4 in 2020 to 1.6 (in the low-growth cases) and 2.3 (in the gradual 

recovery cases) in 2070. Notably, the convergent economy tends to yield higher land-value-to-

GDP ratios across the YRD region. 

 

Table 12. Total Land Value in the YRD Region 

 

 

 

Total land value  

(¥trillion in 2015 prices) Total land value / GDP  

 2020 2070 (A) 2070 (B) 2070 (C) 2070 (D) 2020 2070 (A) 2070 (B) 2070 (C) 2070 (D) 

Greater Shanghai 11.3  187.7  51.2  41.9  108.9  2.9  4.0  3.0  3.1  4.2  

Greater Nanjing 2.9  37.9  12.5  13.0  43.1  1.2  2.0  1.4  1.4  2.1  

Greater Suzhou 3.6  56.0  16.6  16.1  50.7  0.9  1.4  1.0  1.0  1.5  

Greater Hangzhou 4.3  62.4  18.8  18.6  59.3  1.5  2.2  1.7  1.7  2.3  

Greater Ningbo 2.6  34.9  11.4  11.4  35.2  1.5  2.2  1.6  1.7  2.3  

Greater Hefei 1.6  23.8  7.1  7.2  24.0  1.2  1.8  1.3  1.4  1.9  

Rest of Jiangsu 1.8  25.2  9.5  11.6  43.6  0.5  1.2  0.8  0.9  1.4  

Rest of Zhejiang 2.1  30.7  9.8  10.0  32.2  1.5  2.5  1.8  1.8  2.6  

Rest of Anhui 1.5  21.0  7.6  9.4  37.5  0.8  1.8  1.2  1.3  2.2  

Total 31.9  479.7  144.5  139.0  434.4  1.4  2.3  1.6  1.6  2.2  
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% annual growth  2070 (A) 2070 (B) 2070 (C) 2070 (D)  2070 (A) 2070 (B) 2070 (C) 2070 (D) 

Greater Shanghai  5.8% 3.1% 2.7% 4.6%  0.6% 0.1% 0.1% 0.7% 

Greater Nanjing  5.3% 3.0% 3.0% 5.5%  0.9% 0.3% 0.3% 1.0% 

Greater Suzhou  5.6% 3.1% 3.0% 5.4%  0.9% 0.3% 0.3% 1.0% 

Greater Hangzhou  5.5% 3.0% 3.0% 5.4%  0.8% 0.2% 0.2% 0.9% 

Greater Ningbo  5.3% 3.0% 3.0% 5.3%  0.8% 0.2% 0.2% 0.9% 

Greater Hefei  5.6% 3.0% 3.1% 5.6%  0.8% 0.2% 0.3% 1.0% 

Rest of Jiangsu  5.4% 3.3% 3.7% 6.5%  1.7% 0.8% 1.0% 1.9% 

Rest of Zhejiang  5.5% 3.1% 3.1% 5.6%  1.0% 0.4% 0.4% 1.1% 

Rest of Anhui  5.4% 3.3% 3.7% 6.6%  1.6% 0.8% 0.9% 2.0% 

Total  5.6% 3.1% 3.0% 5.4%  1.0% 0.3% 0.3% 1.0% 

 

Public Receipts from Land Value Uplift 

 

Public receipts from land value uplift are composed of two parts, namely, property tax and 

developer contributions (from new developments). In the GB model ( 

Table 13), the local receipts from property tax and developer contributions in 2020 are £31.0 

billion (1.86% of the regional GVA) and £7.3 billion (0.76% of the regional GVA), respectively. 

These public receipts (as a percentage of GVA) tend to decrease over time. In a Dynamic 

Recovery (Scenario D), for example, the annual property tax and developer contributions (as a 

percentage of GVA) would drop to 1.43% and 0.12%, respectively, between 2020 and 2070. 

However, a convergent economy would yield higher annual growth rates for city regions outside 

London and the Wider South East. Even in a low economic growth assumption (Scenario C), the 

planning interventions for levelling up could lead to an increase in government receipts from 

land value uplift for currently low-growth city regions. 

 

Table 13. Public Receipts from Land Value Uplift per Year in the GB Model 

 

 Public receipts from property tax per year 

(£billion in 2011 prices) 

Value capture from new developments per year 

(£billion in 2011 prices) 

 2020 
2020–70 

(A) 

2020–70 

 (B) 

2020–70 

 (C) 

2020–70 

 (D) 
2020 

2020–70 

 (A) 

2020–70 

 (B) 

2020–70 

(C) 

2020–70 

(D) 

London and WSE 16.2  36.1  21.4  16.1  24.8  4.4  4.5  1.5  0.0  1.2  

Midlands 3.7  5.8  3.7  4.3  7.1  1.0  0.6  0.2  0.2  0.9  

South West 2.6  4.2  2.7  3.0  5.0  0.6  0.5  0.1  0.1  0.6  

Northern England 4.8  6.4  4.3  5.7  9.5  0.9  0.3  0.0  0.3  1.1  

Wales 1.5  2.2  1.4  1.8  3.0  0.1  0.1  0.0  0.0  0.2  

Scotland 2.2  3.1  2.0  2.7  4.6  0.2  0.1  0.0  0.1  0.4  

Total 31.0  57.9  35.5  33.7  54.1  7.3  6.1  1.8  0.8  4.4  

% annual growth 
 

2020–70 

(A) 

2020–70 

 (B) 

2020–70 

 (C) 

2020–70 

 (D) 
 

2020–70 

 (A) 

2020–70 

 (B) 

2020–70 

(C) 

2020–70 

(D) 

London and WSE  1.6% 0.6% 0.0% 0.9%  0.0% -2.2% -10.6% -2.7% 

Midlands  0.9% 0.0% 0.3% 1.3%  -1.0% -3.7% -3.1% -0.3% 

South West  1.0% 0.1% 0.3% 1.3%  -0.4% -3.6% -2.8% 0.2% 
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Northern England  0.6% -0.2% 0.4% 1.4%  -2.1% -6.7% -2.5% 0.4% 

Wales  0.8% -0.1% 0.4% 1.5%  -0.6% -5.0% -2.0% 1.2% 

Scotland  0.7% -0.2% 0.4% 1.5%  -1.3% -5.0% -1.9% 1.2% 

Total  1.3% 0.3% 0.2% 1.1%  -0.4% -2.8% -4.4% -1.0% 

% of GVA 2020 
2020–70 

(A) 

2020–70 

 (B) 

2020–70 

 (C) 

2020–70 

 (D) 
2020 

2020–70 

 (A) 

2020–70 

 (B) 

2020–70 

(C) 

2020–70 

(D) 

London and WSE 1.98% 1.64% 1.97% 1.78% 1.44% 0.45% 0.20% 0.14% 0.00% 0.07% 

Midlands 1.67% 1.20% 1.47% 1.58% 1.32% 0.10% 0.13% 0.06% 0.08% 0.17% 

South West 2.06% 1.49% 1.83% 1.96% 1.64% 0.05% 0.16% 0.06% 0.09% 0.21% 

Northern England 1.49% 1.00% 1.25% 1.45% 1.22% 0.11% 0.05% 0.01% 0.07% 0.15% 

Wales 2.60% 1.84% 2.26% 2.55% 2.22% 0.01% 0.07% 0.01% 0.06% 0.14% 

Scotland 1.78% 1.23% 1.52% 1.80% 1.54% 0.03% 0.04% 0.01% 0.05% 0.12% 

Total 1.86% 1.45% 1.75% 1.73% 1.43% 0.76% 0.15% 0.09% 0.04% 0.12% 

 

The potential receipts from the property tax in the YRD region are ¥72.7 billion (0.44% of 

regional GDP), compared to ¥89.9 billion (0.54% of regional GDP) of the public gains from new 

developments in 2020 ( 

Table 14).  

 

However, the capturable value from new developments (compared to regional GDP) would 

decline significantly towards 2070, as the overall housing growth slows down. The average 

property tax in Scenario B of the YRD region is estimated to be ¥204.5 billion per year (0.36% 

of GDP) between 2020 and 2070, while the potential gains from new developments would be 

¥42.6 billion annually (merely 0.08% of GDP). This is a caveat for local policymakers, as the 

public receipts from land concession (on which they heavily rely at present) would witness a 

sharp decline in the long term. 
 

The business-as-usual cases would witness high-growth city regions, like Greater Hangzhou and 

Greater Hefei, leading the increment in local receipts from land value uplift, while such 

prosperity could be spread to outside areas, like the Rest of Anhui and the Rest of Jiangsu, in a 

convergent economy. 

 

Table 14. Public Receipts from Land Value Uplift per Year in the YRD Region 

 

 Public receipts from property tax per year 

(¥billion in 2015 prices) 

Value capture from new developments per year 

(¥billion in 2015 prices) 

 2020 
2020–70 

(A) 

2020–70 

 (B) 

2020–70 

 (C) 

2020–70 

 (D) 
2020 

2020–70 

 (A) 

2020–70 

 (B) 

2020–70 

(C) 

2020–70 

(D) 

Greater Shanghai 31.0  312.4  87.9  70.3  162.8  33.3  106.1  16.5  4.9  19.7  

Greater Nanjing 6.5  52.4  17.2  18.3  63.0  6.3  15.1  2.7  3.9  23.3  

Greater Suzhou 10.3  96.5  28.6  27.0  82.3  13.0  38.1  6.2  4.4  26.3  

Greater Hangzhou 7.6  87.9  22.5  21.9  79.9  11.9  39.6  5.8  5.3  34.0  

Greater Ningbo 4.4  41.2  12.3  12.4  43.2  6.4  15.1  2.7  3.0  17.7  

Greater Hefei 3.7  40.2  10.9  10.6  36.8  5.8  19.0  3.0  2.2  13.7  
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Rest of Jiangsu 3.5  23.0  8.7  12.5  59.0  3.1  6.7  1.3  4.8  31.1  

Rest of Zhejiang 3.4  36.0  10.1  10.1  37.2  6.7  16.0  2.9  2.9  16.6  

Rest of Anhui 2.3  19.4  6.3  9.1  49.0  3.4  7.2  1.4  3.7  26.3  

Total 72.7  709.0  204.5  192.2  613.1  89.9  262.9  42.6  32.6  208.9  

% annual growth 2020 
2020–70 

(A) 

2020–70 

 (B) 

2020–70 

 (C) 

2020–70 

 (D) 
2020 

2020–70 

 (A) 

2020–70 

 (B) 

2020–70 

(C) 

2020–70 

(D) 

Greater Shanghai  4.7% 2.1% 1.7% 3.4%  2.3% -1.4% -3.8% -1.0% 

Greater Nanjing  4.3% 2.0% 2.1% 4.6%  1.8% -1.7% -0.9% 2.7% 

Greater Suzhou  4.6% 2.1% 1.9% 4.2%  2.2% -1.5% -2.2% 1.4% 

Greater Hangzhou  5.0% 2.2% 2.1% 4.8%  2.4% -1.4% -1.6% 2.1% 

Greater Ningbo  4.6% 2.1% 2.1% 4.7%  1.7% -1.7% -1.5% 2.1% 

Greater Hefei  4.9% 2.2% 2.1% 4.7%  2.4% -1.3% -1.9% 1.7% 

Rest of Jiangsu  3.8% 1.8% 2.6% 5.8%  1.5% -1.8% 0.9% 4.7% 

Rest of Zhejiang  4.8% 2.2% 2.2% 4.9%  1.8% -1.6% -1.7% 1.8% 

Rest of Anhui  4.4% 2.1% 2.8% 6.3%  1.5% -1.8% 0.2% 4.1% 

Total  4.7% 2.1% 2.0% 4.4%  2.2% -1.5% -2.0% 1.7% 

% of GDP 2020 
2020–70 

(A) 

2020–70 

 (B) 

2020–70 

 (C) 

2020–70 

 (D) 
2020 

2020–70 

 (A) 

2020–70 

 (B) 

2020–70 

(C) 

2020–70 

(D) 

Greater Shanghai 1.21% 1.22% 0.85% 0.81% 1.09% 1.30% 0.41% 0.16% 0.06% 0.13% 

Greater Nanjing 0.38% 0.48% 0.30% 0.32% 0.55% 0.36% 0.14% 0.05% 0.07% 0.20% 

Greater Suzhou 0.36% 0.43% 0.28% 0.27% 0.42% 0.46% 0.17% 0.06% 0.04% 0.14% 

Greater Hangzhou 0.38% 0.57% 0.32% 0.32% 0.57% 0.59% 0.26% 0.08% 0.08% 0.24% 

Greater Ningbo 0.35% 0.47% 0.28% 0.29% 0.51% 0.51% 0.17% 0.06% 0.07% 0.21% 

Greater Hefei 0.39% 0.55% 0.33% 0.32% 0.53% 0.60% 0.26% 0.09% 0.07% 0.20% 

Rest of Jiangsu 0.13% 0.19% 0.12% 0.15% 0.35% 0.12% 0.06% 0.02% 0.06% 0.18% 

Rest of Zhejiang 0.33% 0.52% 0.29% 0.30% 0.54% 0.65% 0.23% 0.08% 0.08% 0.24% 

Rest of Anhui 0.16% 0.29% 0.15% 0.20% 0.52% 0.24% 0.11% 0.03% 0.08% 0.28% 

Total 0.44% 0.61% 0.36% 0.35% 0.56% 0.54% 0.23% 0.08% 0.06% 0.19% 

 

Notably, the model outputs also include consumer utility, though they are not reflected in the 

current analysis on land value prospects. In the case of overheating core centres, although the 

public receipts from LVC would shrink in a convergent economy, the reduction could be more than 

compensated by increases in consumer utility. The trade-offs between social and economic gains 

across city regions would remain to be explored. 

 

 

Conclusions 

 

In this study, we have developed an extended spatial equilibrium framework to estimate land 

value changes associated with urban development. The proposed model addresses the knowledge 

gap in long-term LVC prospects across large city regions at the national (or sub-national) scale.  

In the business-as-usual scenarios, land value and the potential receipts from value uplift would 

continue to rise in the dominant city regions due to rapidly rising housing values associated with 

growing employment opportunities. In both case-study areas, aspirations for a rebalanced 
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economy can be achieved through the convergent economy scenarios, where increases in jobs 

and housing are channelled to currently low-growth areas. In a dynamic recovery (Scenario D), 

for instance, all areas outside London and the Wider South East would witness an above-average 

increase in public receipts, with annual gains doubling in the South West, Wales, and Scotland. 

Notably, even under a low economic growth assumption (Scenario C), the planning interventions 

for levelling up could lead to an increase in government receipts for currently low-growth city 

regions in Great Britain. 

 

This paper provides new insights for city leaders, developers, and planners into a quantified 

range of market impacts induced by investments in infrastructure and public services, which 

could materially improve local governments’ ability to explore the potential of LVC, not only as 

a financing instrument in current property hotspots, but also as part of a broader policy remedy to 

promote social equity, environmental sustainability, and business productivity, particularly in 

new areas of opportunity. 

 

The model developed in this report complements the existing methods that record and monitor 

land and property values (including property value re-assessment). The model’s added value 

stems from its capabilities to establish the key relationships between planning policies and 

residential land value effects across large city regions, so that full spatial effects can be 

understood from a broad policy perspective. On the one hand, for city regions where regular 

assessments on property values are in place (e.g., for property tax purposes), (re)assessed market 

values can be used to update and improve the model’s calibration and validation, thus enabling 

better predictions. On the other hand, the model helps to establish a forward-looking perspective 

that may help plan the re-assessment programmes to address potential problem hotspots, with 

more frequent surveys and market intelligence gathering. Furthermore, the modelling may 

identify trends that lead to market failure or undesired consequences of policy interventions, thus 

contributing to rolling policy adaptation and the design of hitherto untried interventions. 

 

The strengths of the model include: (a) Clearly separating out those factors of influence that are 

hard to predict from those proven to be highly predictable; for unpredictable factors, clear 

scenarios are established so that model users can explore scenario design to establish the key 

connections between policy intervention inputs and LVC outcomes; (b) Model design, which 

avoids overreach in terms of is realistically predictable, enabling the model to be relatively easy 

to calibrate through a judicious use of observed property prices and rents data, and to achieve 

good, quality, validation standards over at least two successive decades (where the rents and 

prices data used for validation are not used for model calibration); and (c) A model design 

capable of representing radical land use and transport development scenarios, beyond 

conventional incremental interventions. 

 

Of course, the model still has many weaknesses, most notably: (a) Model predictions of 

annualised property rents are limited to residential units only, and it does not yet predict the 
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annualised property rents for non-residential properties—a deliberate choice not to implement 

our non-residential property market models (despite having been developing such models), 

because we think some non-marginal shifts are likely in how workplace employment will 

demand non-residential properties post-Pandemic. However, as in most cities worldwide, the 

bulk of LVC is expected to come from the residential sector, an omission that does not diminish 

the value of the work reported here; (b) The model does not deal with detailed industry sectors; 

instead, the future labour market is represented through the differentiation of four board skill 

groups of workers, because industrial restructuring over the past few decades has demonstrated 

that industrial classifications do not survive well over time, but broad skills do; and (c) The 

model prioritises the coverage of large city regions, and in the process, they are modelled on the 

basis of local authority districts in GB and municipalities in the YRD. This means that the model 

does not currently have neighbourhood-level granularity. Such granularity can be added to the 

model, although it will imply a significant data assembly and computation burden. Our past 

experience shows that such neighbourhood-level details add little to the strategic investigations 

of longer-term trends. However, this decision is a user-guided issue, and future users of the 

model can choose to adjust the priority between overall geographic coverage and granularity, and 

between lean-and-fast broad-brush models and detailed but slow-to-implement models. 
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Appendix A: The Theoretical Model 

 

This supplementary material presents a spatial equilibrium (SE) framework for modelling long-

term changes in multiple urban markets (i.e., labour, product, and real estate) across a city 

region, subject to cross-year updates represented by land-use and transport planning policies. The 

model complements the strengths of (1) a spatial computable general equilibrium framework (the 

SE module) that builds on rigorous microeconomic foundations of supply-demand relationships 

to simulate prices, wages, and rents at a specific time point, and (2) specific scenario designs that 

represent changes between static equilibria to acknowledge uncertain events, supply-side 

interventions, and market inertia across time horizons.  

 

Spatial Equilibrium (SE) Framework 

 

Model Structure 

 

Figure A1. Circular flows of the economy in the model 

 

 

Source: Authors 

 

The SE model depicts the fundamental circulation of the economy, as displayed in Figure A1. On 

the one hand, producers respond to consumer demand to provide goods and services by spending 

on workers, capital equipment, and business floorspace. On the other hand, wage costs of 

producers accrue to consumers, who spend their incomes on the product market and floorspace 

market. Interactions between the labour,15 product,16 and floorspace17 markets close the loop. The 

 
15 Supply of labour by households and demand for labour by firms. 
16 Supply of goods and services by households and demand for goods and services by firms. 
17 Supply of floorspace by developers and local governments and demand for floorspace by households and firms. 
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model simulates this simultaneous loop with fully interdependent model zones with transport 

connections.  

 

The model describes the efficiency-maximising behaviour of firms and the utility-maximising 

behaviour of consumers. A consumer’s preferences can be represented by a utility function, 

assigning a number to every possible consumption bundle, such that more-preferred bundles have 

larger numbers. Market demand can then be derived from a utility function, if we assume 

consumers tend to maximise their utilities subject to their budget constraints. Finally, the demand 

function from consumers can be combined with the supply function (derived from the production 

function in a similar way) to represent trade and exchange in the model. 

 

There are two common forms of utility and production function used to generate demand and 

supply, namely, the Cobb–Douglas (CD) function and the constant elasticity of substitution (CES) 

function. The CD utility function for commodities from 1x  to Nx  has the form 1 2

1 2
n

x nU A x x x
 

=

, where 1... na a  are the shares of each good in expenditure on consumption, following 

1 1na a+ + = , and xA  is a scale parameter. The CD function is the simplest algebraic expression 

that generates convex, monotonic indifference curves. The CES function has the form 
1/( )i i

i

U a x =  , where ia  is the share parameter of input and ( ,1) −  is a substitution 

parameter. The elasticity of substitution18 1/ (1 ) = −  is the same between any pair of inputs. The 

proposed model adopts a nested CD–CES function, which has been broadly accepted in spatial 

general equilibrium analyses (Jin et al., 2019), to account for both multiple factors and a variety 

of types of each factor. 

 

The model study area is assumed to subdivided into core   and peripheral  ones, and there are 

N =+ modelled zones in total. Each of the   core zones has 1, ,r =   industries, 

1, ,f F=  consumer types, 11, ,m =   housing types, and 21, ,k =   business floorspace 

types. Peripheral zones are assumed to have only one composite type of product, consumer, and 

residential and business floorspace. Consumers and producers can locate and produce in each of 

the modelled zones.  

 

Consumers 

 

Consumers are categorised into 1, ,f F=  types by socioeconomic stratification and employment 

status. Employed consumers ( 1, , 1f F= − ) have both wage and nonwage incomes, while the 

non-employed consumers in non-employed households ( f F= ) only receive nonwage incomes 

through social welfare transfers. Each consumer chooses a living place from 1, ,i N=  zones 

 

18 Elasticity of substitution shows to what degree two goods or services can be substitutes for one another. At one extreme, if 

product A and product B must be used in rigid, fixed proportions, then the elasticity is zero as there is no flexibility. At the other 

extreme, consumers or firms are extremely willing to change between the two products in response to price movements. 
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and, if employed, a working place from 1, ,j N=  zones. A consumer can source goods and 

services in 1, ,r =   industries from 1, ,z N=  zones. 

 

Given the discrete choices of locations of workplace and home, consumers decide on three 

continuous variables: (1) the annual consumption in quantity of each type ( r ) of goods and 

services at each potential production zone ( z ); (2) the quantity of the chosen type m  dwelling 

unit to rent; and (3) the time allocation between work and leisure, if employed. The mixed discrete-

continuous direct utility (quantity-based) in the model is to be maximised, given by a CD–CES 

function:19 

 ( )

11

| | | |ln ( ) nln l
ff ff

f fijfij f rz fij rz fij f m fij m fij

r z m

U Z b l
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  (2)  

 |

,

and time constraint: 2 ( 2 ) 0f rz fij fiz f fij fiz

r z

N c Z G l DG− − +     (3) 

where the coefficients f , f , f  >0 ( 1f f f  + + = ) are the shares of expenditures on goods 

and services |rz fijZ , housing floorspace/unit |m fijb , and leisure time fijl . 1/ (1 )f−  and 1/ (1 )f−  

are the elasticities of substitution for goods and services, and housing floorspace, respectively, 

assuming 0 1f   and 0 1f   following Dixit and Stiglitz (1977). |rz fij  and | 0m fij   are 

constants that measure the inherent attractiveness of certain goods and services, and housing types 

to consumers of type f . A consumer purchases more from a location with a higher inherent 

attractiveness, given constant prices. 

 

The consumers’ budget constraint in Equation (2) displays the total expenditure on the left side 

and the total income on the right side. rzp  is the mill price for goods and services, and |rz fijZ  is the 

quantity of goods and services to be consumed. fizg  and fizG  are the expected one-way monetary 

cost and travel time, respectively, from i  to z  for consumers of type f . fc  is an exogenous 

coefficient that measures the cost for delivering a unit of goods and services as a percentage of the 

normal trip cost. mir  is the rent per unit of floorspace of type m  in zone i , and fjw  is the hourly 

wage rate paid to skill- f  labour employed in zone j. f  represents the employment status of 

consumers of type f , with 1f =  indicating employed consumers and 0f =  unemployed. fi  

is nonwage income. Regarding the time constraint, D  is the exogenous number of working days 

per annum, and 24N D=  is the exogenous total, annual, time endowment.  

 

The budget constraint in Equation (2) can be rearranged as:  

 

 
19 See ‘Model Structure’ section for details. 
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*

| | | |

,

2 ( 2 )rz fij rz fij m fij f fij f fiz fiz fij fim

z

fij

r m

p Z r Dg w N DG lb+ +  =  − − +    (4) 

where the full delivered price for final consumers *

|rz fijp  is given by: 

 *

| 2( )rz fij rz f iz f iz fjp p c g G w= + +   (5) 

The right side of Equation Error! Reference source not found. is defined as the full disposable 

income of the consumer, net of commuting expenditures and inclusive of the value of time spent 

commuting. The annual net20 full income fij  can be written as: 

 ( 2 ) 2fij f fj ij fij f ij fiw N DG l Dg =  − − − +   (6) 

 

Under the budget and time constraints (Equations (2) and (3)), the maximisation of consumer 

utility (Equation Error! Reference source not found.) leads to a series of (income-constant) 

Marshallian demand21 functions that specify the quantity a consumer would buy in each price and 

income situation. Marshallian demand functions include type- r goods and services 
|r fijZ  (in 

aggregate form, see ‘Sourcing Goods and Services’ section for zonal distribution process), type-

m dwelling unit |m fijb  and leisure time fijl , as follows: 
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=   (9) 

where fij  is the net full income of consumers, |r fijp  is the probability-weighted average price 

derived from Equation (22), |m fijr  is housing rent, and fjw  is hourly wage. 

 

The total annual labour working time fijN  for the employed consumer type ( fij ) is then 

determined by subtracting the total travel time for commuting and shopping, as well as the annual 

leisure time from the annual time endowment N  

 

 |

,

2 2 0fij fij f rz fij fiz fij

r z

N N DG c Z G l= − − −   (10) 

 

Apart from the Marshallian demand function (assuming utility maximisation, which is identified 

as the primal problem in consumer theory), another commonly used approach is Hicksian 

 
20 ‘Net’ indicates that full income is net of commuting costs. 
21 Named after Alfred Marshall. 
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demand22 function (identified as the dual to the primal one). Hicksian demand is derived under the 

assumption of expenditure minimisation, given a fixed level of utility. This model uses Marshallian 

demand in the base year (for calibration) and employs Hicksian demand in model forecast 

following Jin et al. (2019). Under the same nested CD–CES functional form and parameterization, 

the Marshallian and Hicksian demand functions are consistent in the base-year model calibration, 

in the sense that the derived Marshallian demands (given observed constraints) are identical to the 

Hicksian demands (given the Marshallian utility).  

 

As consumer utility is hard to observe, it is essential to use the Marshallian demand function in the 

base year to derive consumer utility for all the subsequent analyses. For the model forecast, either 

utility maximisation or expenditure minimisation assumption can be used. However, as this 

particular model focuses more on the changes on the consumer side (with assumptions of 

exogenous input of employment), a partial equilibrium in labour market cannot endogenously 

generate labour wage and net full income.  

 

In this case, the expenditure minimisation assumption (Hicksian demand) can be an alternative 

method to attain the consumer’s optimum, with endogenous labour wage and income. This 

assumption implies that consumers maintain, if not increase, their base-year utility level in future 

years by altering their locational and consumption choices. Consumers will have to raise their 

income to maintain the same utility level if the cost of living increases. For instance, if there is a 

supply shortage of housing in the future, people will ask for salaries to maintain the utility that is 

to be calibrated in the base year. If the cost of living goes down (e.g., an abundance of housing 

supply), the model assumes that the local wage level would not decrease subject to global price 

adjustments.  

 

Nonetheless, the resulting extra utility gain will be competed out in spatial equilibrium as more 

residents move into the area (Jin et al., 2019), which in turn drives up the cost of living (i.e. prices 

of goods and services, and housing rents). To achieve the minimised expenditure, given utility fijU

, net full income23 is derived as: 
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Based on Equation Error! Reference source not found., the indirect utility function (price-based) 

can be derived, which takes the form *

fij fij fijU U e= + . The common (or non-idiosyncratic) part 

of the indirect utility of residence-location bundle ( ,i j ) for consumer f  is: 
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22 Named after John Hicks. 
23 Cost function, compared to indirect utility function used in Marshallian demands. 
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Note that direct (quantity-based) and indirect (price-based) utilities are mathematically equivalent 

in static equilibrium. However, for welfare evaluation over time, particularly in a long-term 

forecast that involves macroeconomic changes (e.g., price-level changes due to growth, inflation, 

or deflation), direct (quantity-based) utility offers a more intuitive and straightforward measure 

than its indirect (price-based) counterpart. Therefore, indirect (price-based) utility is commonly 

adopted in deriving static equilibria, while direct (quantity-based) utility is often used for welfare 

analysis. 

 

Producers 

 

Producers are represented by a CD–CES production function24 that incorporates capital, labour, 

floorspace, and intermediate inputs, such as raw materials and services. The production function 

is given by:  

 
2

0 0 1

( ) ( ( ) ) ( ( ) ) ( )
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rj rj rj r rfj fj rkj kj rsj

f k s

X E A K L B Y

 

    
 

= = =

=     (13) 

where rjX  is the production output of industry r  in zone j . rK , fjL , kjB  and rsjY  are the 

quantity of capital, labour, business floorspace, and intermediate inputs, respectively, where rv , 

r , r  and rs  are their cost-share parameters subject to 1r r r rs

s

v   + + + = . For f  varieties 

of labour and k  varieties of business floorspace, a constant elasticity of substitution function was 

used to represent the substitution effect within each input, as 1/ (1 )r−  and 1/ (1 )r− , 

respectively. rfj and rkj  represent the inherent attractiveness of type- f labour input and type- k  

business floorspace, respectively. rjE  is a constant scalar for unit conversion. rjA  is an economic 

mass function introduced to increase external return to scale in production. The economic mass 

function is defined as ( / )rj rj j jA A M M = , where rjA  is a constant representing the baseline 

agglomeration effects, jM  is a function of the economic mass of zone j, jM  is a constant 

representing the baseline economic mass in j, and   is a scale parameter. The function of the 

economic mass is given by: 

 
fij

j

f i fij

L
M

G
=   (14) 

where fijL  is the total size of type- f  labour who work in zone j  and live in zone i , and fijG  is 

one-way travel time between zone i and zone j . 

 

It is assumed that each firm minimises the cost subject to the production demand and the price of 

each input variety. The conditional input demands (given target output rjX ) of capital rjK , labour 

rfjL , business floorspace rkjB , and intermediate inputs rsjY  can be derived as follows: 

 
24 See section 1.1 for details. 
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*

|

rs rj rj

rsj
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p X
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=  (18) 

 

where rjp  is the unit production price of industry r  in zone j ,   is interest rate (or opportunity 

cost) of capital (i.e. the real interest rate), fjw  is the hourly wage, kjR  is the average rent for 

business floorspace type k , and *

|rs jp  is the average delivered price of intermediate input type s

for producing product type r  in zone j . 

 

The minimised production price can then be calculated by substituting the above conditional 

demands (Equations (15)–(18)) into the production function (Equation (13)). As zero profit is 

assumed at any level of output, the minimised price equals the average or marginal cost, which 

takes the form: 
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where   is interest rate (or opportunity cost) of capital, and rfj  and rkj  are the inherent 

attractiveness of labour and floorspace, respectively. fjw  is the hourly wage rate paid by producers, 

and kjR  is the rental price of business floorspace. 
*

|rs jp  is the delivered price, and rjA  is a scale 

parameter of the production function. rv , r , r  and rs  are cost-share parameters of labour, 

business floorspace, and intermediate inputs, respectively. r , r  and rsj  are elasticities of 

outputs of labour, floorspace, and intermediate inputs, respectively. Numeraire price is adopted in 

the model, with product prices normalised to an average of 1. 

 

Location Choices and Trade Patterns 

 

Three types of location choices are modelled: (1) sourcing goods and services for final consumers, 

(2) the employment-residence location choice for employed residents, and (3) the residence 
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location choice for non-employed residents. The first two are discussed below, while the last type 

will be referred to in the ‘Update Residence Locations of the Non-employed’ section. 

 

• Sourcing Goods and Services 

 

Consumers not only determine the quantity of goods and services to purchase but also the place to 

source them. For the discrete location choice of where (or which zone) to buy goods and services, 

the choice pattern can be represented in a multinomial logit probabilistic model25 (Train, 2009: 

37). The probability of obtaining input r  from zone z , for consumer type f , living in zone i  

and working in zone j  (if employed), is given by: 
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  (20) 

where |rz fijv  is the location utility for obtaining type- r goods and services from zone z  by 

consumer type f , living in zone i  and working in zone j  (if employed). zS  and nS  are size terms 

(i.e. business floorspace) that correct for the bias introduced by the uneven sizes of zones in the 

model (Ben-Akiva and Lerman, 1985). |f r  is a scale parameter that measures the concentration 

of trade amongst alternative sources. 

 

Specifically, the location utility |rz fijv  for obtaining a product is defined as follows: 

 | /rz fij rz fi f fiz riz rfzv p w c d E= − − − +   (21) 

where rzp  is the mill price, fiw  is the average hourly wage of type- f  employed residents living 

in zone i , and fizd  is a log-linear transformation of travel disutility (derived from Equation (26)

). fc  is a coefficient measuring the cost of delivering goods and services as a percentage of the 

commuting trip cost, riz  is the observable nonmonetary barriers, and rfzE  is the inherent 

attractiveness term of type- f consumers. 

 

The probability-weighted average delivered price of type- r  goods and services can then be 

expressed as: 

 
*

| | |r fij rz fij rz fij

z

p p P=   (22) 

where *

|rz fijp  is the full delivered price from zone z (Equation (5)), and |rz fijP  is the probability of 

sourcing goods and services from zone z  (Equation Error! Reference source not found.).  

 

From the consumers’ perspectives, they first choose how much of each product type to consume, 

then discrete-choice probability can distribute the aggregate consumption demand for goods and 

services |r fijZ  (derived from Equation (7)) to each production location as follows: 

 
25 It is assumed that the unobserved portion of utility is the independently, identically distributed (iid, also named Gumbel) 

extreme value. 
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| | |rz fij rz fij r fijZ P Z=   (23) 

 

The calculated consumption demand for goods and services type r  in zone z ( |rz fijZ ) links the 

discrete location choice with the continuous choice of consumption quantities from consumer 

perspectives. 

 

• Employment-Residence Location Choice 

 

The model differentiates between the location choices of employed and non-employed residents. 

For employed residents, it is assumed they respond promptly to utility or expenditure changes and 

consequently, are mobile in the SE framework. The non-employed are considered in cross-year 

changes, where their behaviours are assumed to be inertia-prone with lags in decision-making. 

 

Similar to source goods and services, a multinomial logit model was developed for employment-

residence location choice of employed residents.  
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  (24) 

where ijS  is a size term which corrects for the bias introduced by the uneven sizes of zones in the 

model (Ben-Akiva and Lerman, 1985). fijv  is the observable utility, and f  is the dispersion 

parameter that reflects the degree of independence amongst residence-employment location 

alternatives. 

 

The observable residence-employment location utility fijv  can be written as: 

 fij fij fij fij fijv U d E= − − +   (25) 

where 
fijU  is the indirect (price-based) utility of consumer f , living in home i , and working in 

zone j . fijd  is a log-linear transformation of travel disutility (derived in Equation (27)), fij  is 

the observable non-monetary barriers, and fijE  is the zonal residual attractiveness of the location 

pair ( , )i j .  

 

• Travel Disutility 

 

Note that travel disutility takes several different forms in the model. A non-linear transformation 

of travel disutility is adopted to represent realistic demand elasticity in large metropolitan areas (as 

in this study), because it is acknowledged that consumers have varying attitudes to the same 

difference in travel disutility (Jin et al., 2019). For instance, a difference of 5 minutes is taken 

differently in a short commute (e.g., 10 minutes) compared with a long commute (e.g., 60 minutes). 

Against this background, a log-linear transformation of travel disutility fizd  and fijd  is performed 

following Jin et al. (2019) as follows: 
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 | | |(1 ) lnfiz f d fiz f d fiz f dd a a a = + − −   (26) 

 | | |(1 )lnfij f d fij f d fij f dd a a a = + − −   (27) 

where |f da  is a log-linear parameter. Travel disutility for sourcing goods and services (Equation 

(21)) is defined as 2( / )fiz fiz f fi fizg w G = + , where fiw  is the average hourly wage of type- f  

employed residents living in zone i . fizg  is the one-way monetary cost of travel, fizG  is the one-

way travel time, and (0,1]f   is a decay coefficient, as a shopping trip is partly voluntary and 

therefore not fully valued by consumers. 

 

For the employment-residence location choice (Equation (25)), travel disutility is defined as

2fij fizDG = , representing annual total commuting time between zone i  and j  for labour type 

f . Travel time is used in place of monetary cost in this equation to avoid double counting, as the 

travel disutility in monetary terms has already been accounted for in deriving the consumption 

utility (see the budget constraint in Equation (2)). 

 

Equilibrium Conditions 

 

The general equilibrium structure of the SE model requires three sets of equilibrium conditions to 

be satisfied simultaneously, conditional on the transport conditions, that is, expected transport 

monetary cost ( g ) and travel time (G ). 

 

(1) All consumers maximise utility subject to budget and time constraints (Marshallian) or 

minimise expenditure subject to given utility target (Hicksian). See ‘Consumers’ section 

for details. 

(2) All producers minimise costs subject to a supply constraint of input factors and technology. 

Producers are competitive and operate under constant returns to scale. The minimised 

production price equals the average and marginal costs, implying zero economic profit. 

See ‘Producers’ section for details. 

(3) All markets clear with zero excess demands, including (a) the residential and business 

floorspace markets for each type at each zone, (b) the labour market for each 

socioeconomic group at each production zone, and (c) the product market of each product 

type at each production zone.  

 

• Product Markets 

 

The market clearance conditions in both zonal and regional product markets prescribe that in each 

production zone r , the production output of each industry and exogenous net export demands rj  

must add up to the total production demand rjX . Zero excess demands in product markets require: 

 | |

, , ,

rj fij rz fij rj sn rj

f z i s n

X H Z Y= + +   (28) 
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where |rz fijZ  is consumption demand for goods and services type r , in zone z , for consumer type 

f  living in zone i  and working in zone j  (if employed), derived from Equation (23). fijH  is the 

number of employed residents of type f  living in zone i  and working in zone j , and |rj snY  is the 

intermediate demand for industry r  in zone j , for producing product s  in zone n . 

 

• Labour Markets 

 

In each of production zone, the annual hourly labour demand for each labour group must equal the 

working hours supplied by the respective labour group, net the time for commuting, shopping, and 

leisure. 

 |

,

( 2 2 )rfj fij fij fij f rz fij fiz fij

r i r z

L H P N DG c Z G l= − − −    (29) 

 

• Floorspace Markets 

 

Zonal building floorspace is treated as exogenous supply constraints in static equilibria and 

updated through the RD model. The market clearance in floorspace markets requires that, in a 

static equilibrium, the zonal demand for each type of residential unit and business floorspace must 

equal the corresponding zonal supply constraint. 

 
|

,

mi m fij

f j

b b=  (30) 

 kj rkj

r

B B=  (31) 

where mib  and kjB  are the zonal supply constraints for housing units and business floorspace. 

 

• Nonwage Incomes 

 

The endogenous part of nonwage incomes must be consistent with the regional building stocks 

and associated rental levels. Other sources of nonwage income are specified as exogenous inputs. 

The total nonwage income fi  for consumer type f  residing in zone i  is specified as: 
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  (32) 

where mir , mib , kjR , kjB  are the rent and volume for residential and business floorspace, 

respectively;   is the exogenous nonwage income from other sources, which is treated as zero in 

this model. /f f ff
H H=  is the share of nonwage income for residents of type f  and 

1ff
= , and fiH  is the number of type- f consumers in zone i . 
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Solving Algorithms of the SE Model 

 

The SE model follows the solving algorithm below in sequence to achieve equilibrated quantities 

and prices across all markets and zones. The model starts with initial inputs (i.e., wages, rents, 

and utility) based on empirical data or estimations, iteratively simulates subject to boundary 

conditions (e.g., total employment, floorspace, and transport infrastructure), and ends with 

convergence at a specified error tolerance range. 

 

• Product prices. In the product market, mill prices p are solved first using Equation (19), 

conditional on the zero-economic profit assumption with the input of wages w and 

business floorspace rents R. 

• Location choices. Based on travel cost g, travel time G and product prices p, spatial choices 

of product purchase and delivery are calculated using Equation 

Error! Reference source not found., followed by the consumption prices calculation from 

the consumer’s perspective. Using the same travel matrix, the spatial choices of labour 

supply and demand can be achieved with the input of utility (which is arbitrary in the first 

round) in Equation (24). A commuting matrix indicating people’s modelled employment-

residence patterns is further calculated. 

• Rents. For the consumer side, disposable income Ω is derived from Equation (6), leading 

to consumer demands for products, housing, and leisure time based on Equations (7)–(9). 

Housing rents r are solved subject to the supply constraints b in Equation (30). Consumer 

utility U is updated. 

• Outputs. For the producer side, the overall production value X is calculated conditional 

on travel matrix (g and G), product demand from consumers, and product mill prices p. 

The zero-excess-demand assumption is followed as in Equation (28). Producers’ 

demands for capital, business floorspace, and labour are then derived through Equations 

(15)–(18). Business floorspace rents are solved that constrain demand to supply B in 

Equation (31). 

• Wages. Given the assumption of zero excess demand in the labour market, wages w are 

solved in Equation (29) using Marshallian demand. When Hicksian demand is 

introduced, consumers are assumed to maintain their base-year utility level (if not 

increase it) in future years, by altering locational and consumption choices, where wage 

income w can be solved through updated Ω, using Equations 

Error! Reference source not found. and (6). 

 

The derived values from each run of the algorithm will update the model inputs accordingly, 

until all prices and quantities converge, satisfying all equilibrium conditions, at a desired level of 

accuracy. This study defines the level of converging accuracy by setting a maximum relative 

error range. The iteratively running SE model is considered converged in the n th iteration, when 
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the following inequality condition is satisfied simultaneously for all prices and quantities 

concerned: 

 | | 1

| | 1

max( )
(1/ 2)( )

i n i n

i
i n i n

x x
ITERTOL

x x

−


−

−


+
 (33) 

 

where vectors |i nx  include zonal prices p, w, r, R, and all the associated demands in iteration n ; 

and ITERTOL is a user-specified maximum iteration tolerance. When the SE model is initiated 

with guesstimated starting values, large relative errors between iterations may occur. As the 

model approaches the equilibrium solution, the relative errors are expected to reduce gradually, 

yet not necessarily monotonically. 

 

To stabilise the equilibrating process and avoid model divergence, this research defines how the 

variables are updated between iterations as follows. Let ( )nCurrent x  be the beginning variable 

value in iteration n , and ( )nNew x  be the updated value in the same iteration, the model sets: 

 1( ) ( ) ( ) [1 ( )] ( )n n nCurrent x n New x n Current x + = + −  (34) 

where coefficient ( ) [0,1]n   is a monotonically increasing function relative to the iteration 

number [1, ]n MAXITER . The ( )n  function represents a smoothing technique for updating 

variables between iterations. A smaller step change of ( )n  helps to stabilise the equilibrating 

process but incurs more iterations. 

 

 

Use of the SE Model across Time 

 

By virtue of the speed variations in urban evolution processes, the conventional equilibrium model 

amenable to instant activities, such as transport choices and relocation, cannot deal with processes 

that have lumpy movements, such as infrastructure supply and building stock change. These lumpy 

changes can be either modelled through a nonequilibrium dynamic framework (e.g., a recursive 

dynamic model proposed by Jin et al. (2013)) or designed through specific planning and 

development scenarios. The latter is used in this research, due to the availability of the specific 

development goals set by local governments. 

 

Update Stock Constraints 

 

Zonal building stock is updated between model years. The adjustment can be regarded as a 

combination of natural change (i.e., infilling and demolishing) and discretionary change (i.e., 

policy incentives). For simplicity, this study assumes that any demolition is replaced by an 

equivalent amount of rebuilding as compensation. Any addition to the housing supply (e.g., 

increased density accompanied by demolition) will be counted as a new development.  

 

Update Travel Disutility 
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Travel matrices for monetary cost and travel time are updated across model years to represent 

accessibility changes associated with transportation infrastructure improvements. The changes can 

be derived through a detailed transport network model, but this study uses emerging data sources 

to reflect network time and costs, for simplicity. 

 

Update Residence Locations of the Non-employed 

 

Compared to employed residents who are assumed to make prompt location choices in the SE 

model, non-employed residents (in non-employed households) are assumed to have a lag in 

making such decisions. This process can be represented by a locational choice function, taking 

into account a certain proportion of the non-employed who are ready to move. For simplicity, the 

change of non-employed residents (in non-employed households) between years is exogenously 

given in this study, scaling proportionally at the zonal level in relation to the total number of 

populations. 

 

Update Input-specific Parameters 

 

Although updates of parameters (e.g., for labour and housing varieties) can be introduced into the 

SE model at each time segment to better reflect reality,26 it requires additional data sets to support 

calibration and validation work. For simplicity, the model parameters in the SE model are assumed 

to remain constant across time horizons.  

  

 
26 For instance, the update of the input-specific parameters can assume that if one kind of choice variety gets more supply over 

the general growth, the zonal preference for that choice variety would be affected accordingly. 



59 

List of Variables and Parameters in the Model 

 

Table A1. List of Variables in the Model 

 

Model Dimension Indices 

ℑ  Number of core zones 

℘  Number of peripheral zones 

ℕ = ℑ + ℘  Total number of model zones 

𝐹  Number of socioeconomic groups 

ℛ  Number of industry types 

ℵ1  Number of residential floorspace types 

ℵ2  Number of business floorspace types 

𝐷  Exogenous number of annual working days 

𝑁 = 24𝐷  Exogenous total annual time endowment 

Spatial Equilibrium Model 

𝑋𝑟𝑗  Aggregate production output of industry 𝑟 in zone 𝑗 

𝐸𝑟𝑗  Constant scalar representing any additional zonal effects on Total Factor Productivity (TFP) 

𝐴𝑟𝑗  
An economic mass function for industry 𝑟 in zone 𝑗 that represents the agglomeration effects 

on TFP 

𝐾𝑟   Capital input for industry 𝑟 

𝐿𝑓𝑗  Labour input of type 𝑓 for industry 𝑟 in zone 𝑗 

𝐵𝑘𝑗   Business floorspace input of type 𝑘 for industry 𝑟 in zone 𝑗 

𝑌𝑟𝑠𝑗  Intermediate input of type 𝑠 for industry 𝑟 in zone 𝑗 

𝑀𝑗  Economic mass of zone 𝑗 

𝑆𝑖  Geographic area of zone 𝑖 

𝜒𝑓𝑖𝑗   Travel disutility function for socioeconomic group type 𝑓 travelling from 𝑖 to 𝑗 

𝑝𝑟𝑗   Unit production price of industry 𝑟 in zone 𝑗 

𝜌  Real interest rate 

𝑤𝑓𝑗   Hourly wage of labour type 𝑓 in zone 𝑗 

𝑅𝑘𝑗  Average rent for business floorspace type 𝑘 in zone 𝑗 

𝑝𝑟𝑠|𝑗
∗   Average delivered price of intermediate input type 𝑠 for producing product type 𝑟 in zone 𝑗 

𝑈𝑓𝑖𝑗   Observable utility of resident type 𝑓 living in zone 𝑖 and working in zone 𝑗 

𝑍𝑟𝑧|𝑓𝑖𝑗   
Aggregate consumption volume for industry 𝑟 in zone 𝑧, given resident type 𝑓 living in zone 𝑖 
and working in zone 𝑗 

𝑏𝑚|𝑓𝑖𝑗   
Consumption volume for housing type 𝑚 in zone 𝑖, given resident type 𝑓 living in zone 𝑖 and 

working in zone 𝑗 

𝑙𝑓𝑖𝑗   Leisure time of resident type 𝑓 living in zone 𝑖 and working in zone 𝑗 

𝑔𝑓𝑖𝑧  One-way monetary cost from 𝑖 to 𝑧 for customers type 𝑓 

𝐺𝑓𝑖𝑧  One-way travel time from 𝑖 to 𝑧 for type-𝑓 consumer (in minutes) 
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ℳ𝑓𝑖  Nonwage income of consumer type 𝑓 in zone 𝑖 

𝑟𝑚𝑖   Housing rent of type 𝑚 in zone 𝑖 

𝛥𝑓  
Employment status of consumer type 𝑓 (For all employed consumers 𝛥𝑓 = 1; otherwise 𝛥𝑓 =

0) 

𝑝𝑟𝑧|𝑓𝑖𝑗
∗   

Full delivered price of a unit of goods and services type 𝑟 produced in zone 𝑧, purchased by 

consumer type 𝑓, living in zone 𝑖 and working in zone 𝑗 

Ω𝑓𝑖𝑗   Full disposable income of consumer type (𝑓𝑖𝑗) net of commuting costs 

�̅�𝑟|𝑓𝑖𝑗  Aggregate demand for product type 𝑟 for consumer type (𝑓𝑖𝑗) 

�̅�𝑟|𝑓𝑖𝑗  Probability-weighted average price of product type 𝑟 faced by consumer type (𝑓𝑖𝑗) 

𝑁𝑓𝑖𝑗   Total annual labour working time for labour type (𝑓𝑖𝑗) 

𝑈𝑓𝑖𝑗   Price-based indirect utility of resident type 𝑓 living in zone 𝑖 and working in zone 𝑗 

𝑃𝑟𝑧|𝑓𝑖𝑗  
Probability of obtaining product type 𝑟 from zone 𝑧 for consumer type 𝑓 living in zone 𝑖 (and 

working in zone 𝑗, if employed) 

𝑆𝑧  Size term that corrects for the bias introduced by the uneven sizes of zones in the model 

𝑃𝑓𝑖𝑗   Probability of employed resident type 𝑓 choosing to live in zone 𝑖 and work in zone 𝑗 

𝜐𝑓𝑗   Employment location utility of zone 𝑗 for labour type 𝑓 

𝜐𝑓𝑖|𝑗  Residence location utility of zone 𝑖 for resident type 𝑓, given the chosen workplace 𝑗 

𝑉𝑓|𝑗  
Log-sum or inclusive utility representing the expected utility that employed worker type 𝑓 in 

zone 𝑗 would receive from all residence location choices 

�̅�𝑓𝑖  Average hourly wage of type-𝑓 employed residents living in zone 𝑖 

𝑑𝑓𝑖𝑗   Travel disutility after Box-Cox transformation for commuter type 𝑓 travelling from 𝑖 to 𝑗 

�̂�𝑚𝑖   Stock constraints of housing floorspace type 𝑚 in zone 𝑖 

�̂�𝑘𝑖  Stock constraints of business floorspace type 𝑘 in zone 𝑗 

𝐻𝑓𝑖   Number of type 𝑓 residents in zone 𝑖 

Θ  Exogenous nonwage income from other sources 

Ξ𝑟𝑗  Exogenous net export for industry 𝑟 in zone 𝑗 
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Table A2. List of Parameters in the Model 

 

Spatial Equilibrium Model 

𝛿𝑟  Labour cost share 

𝜇𝑟  Business floorspace cost share 

𝜈𝑟  Capital cost share 

𝛾𝑟𝑛  Intermediate cost share 

𝜁𝑟   Elasticity of substitution for business floorspace varieties 

𝜃𝑟  Elasticity of substitution for labour varieties 

𝜎𝑓  Elasticity of substitution for housing varieties 

𝑎𝑓|𝜅  Coefficient for determining the input-specific parameters for labour varieties 

𝜅𝑟𝑓𝑗  Input-specific parameters for labour varieties 

𝑎𝑓|𝚤  Coefficient for determining the input-specific parameters for housing varieties 

𝚤𝑚𝑓𝑖   Input-specific parameters for housing varieties 

𝐸𝑗  Additional total factor productivity multiplier 

𝜋  Economic mass effects on productivity 

𝑐𝑓  Cost for delivering a unit of local services as a percentage of commuting trip cost 

𝛼𝑓  Utility coefficient for goods and services 

𝛽𝑓  Utility coefficient for housing 

𝛾𝑓  Utility coefficient for leisure time 

𝑎𝑓|𝑑  Log-linear travel cost function parameter 

𝜍𝑓  Decay coefficient for value of time (non-commuting travels) 

𝜆𝑓|𝑟   Dispersion parameter for sourcing goods and services 

𝜆𝑓|𝐽  Dispersion parameter for employment location choices 

𝜆𝑓|𝐼  Dispersion parameter for residence location choices 

𝜓𝑖𝑧 , 𝜓𝑓𝑖|𝑗 , 𝜓𝑓𝑗  Observable non-monetary barriers for spatial interaction 

𝐸𝑓𝑧  Residual attractiveness for sourcing goods and services 

𝐸𝑓𝑗 , 𝐸𝑓𝑖|𝑗 Residual attractiveness for residence-employment location choices 
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Appendix B: Scenario Settings of the GB model 

 

Table B1. Key Inputs of the GB Model (Scenario A: Persistent Regional Imbalance) 

 
 2011 2020 2031 2051 2071 2011 2020 2031 2051 2071 

London and WSE 10.8  12.8  14.0  16.6  19.6  9.2  11.0  12.0  14.2  16.7  

Midlands 4.4  4.9  5.2  5.6  6.1  4.2  4.8  5.0  5.4  6.0  

South West 2.4  2.7  2.8  3.2  3.5  2.3  2.5  2.7  3.0  3.3  

Northern England 6.5  7.1  7.3  7.6  7.9  6.4  7.0  7.2  7.5  7.8  

Wales 1.3  1.4  1.4  1.5  1.6  1.3  1.4  1.4  1.6  1.7  

Scotland 2.4  2.5  2.6  2.7  2.8  2.4  2.5  2.6  2.7  2.8  

Total 27.7  31.4  33.4  37.2  41.6  25.7  29.1  30.9  34.4  38.3  

% annual growth  2011-20 2020-31 2031-51 2051-71  2011-20 2020-31 2031-51 2051-71 

London and WSE  1.90% 0.85% 0.85% 0.85%  1.92% 0.84% 0.83% 0.83% 

Midlands  0.23% 0.39% 0.41% 0.43%  0.25% 0.39% 0.44% 0.47% 

South West  0.19% 0.55% 0.53% 0.49%  0.20% 0.56% 0.55% 0.52% 

Northern England  0.19% 0.25% 0.21% 0.16%  0.18% 0.27% 0.23% 0.19% 

Wales  0.17% 0.38% 0.34% 0.28%  0.12% 0.40% 0.36% 0.32% 

Scotland  0.13% 0.25% 0.22% 0.18%  0.13% 0.23% 0.22% 0.19% 

Total  0.25% 0.55% 0.55% 0.55%  0.25% 0.54% 0.54% 0.54% 
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Table B2. Key Inputs of the GB Model (Scenario B: Continued Regional Recession) 

 
 2011 2020 2031 2051 2071 2011 2020 2031 2051 2071 

London and WSE 10.8  12.8  13.3  14.4  15.6  9.2  11.0  11.4  12.3  13.3  

Midlands 4.4  4.9  4.9  4.9  4.8  4.2  4.8  4.7  4.7  4.7  

South West 2.4  2.7  2.7  2.7  2.8  2.3  2.5  2.5  2.6  2.6  

Northern England 6.5  7.1  7.0  6.6  6.3  6.4  7.0  6.8  6.6  6.2  

Wales 1.3  1.4  1.4  1.3  1.3  1.3  1.4  1.4  1.4  1.3  

Scotland 2.4  2.5  2.5  2.4  2.3  2.4  2.5  2.5  2.4  2.3  

Total 27.7  31.4  31.8  32.4  33.1  25.7  29.1  29.4  29.9  30.5  

% annual growth  2011-20 2020-31 2031-51 2051-71  2011-20 2020-31 2031-51 2051-71 

London and WSE  
1.90% 0.40% 0.40% 0.39%  1.92% 0.39% 0.38% 0.37% 

Midlands  
0.23% -0.06% -0.04% -0.02%  0.25% -0.06% -0.02% 0.02% 

South West  
0.19% 0.10% 0.08% 0.04%  0.20% 0.12% 0.10% 0.08% 

Northern England  
0.19% -0.20% -0.24% -0.29%  0.18% -0.17% -0.21% -0.25% 

Wales  
0.17% -0.07% -0.11% -0.17%  0.12% -0.06% -0.09% -0.14% 

Scotland  
0.13% -0.20% -0.23% -0.26%  0.13% -0.21% -0.22% -0.26% 

Total  
0.25% 0.10% 0.10% 0.10%  0.25% 0.09% 0.09% 0.09% 
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Table B3. Key Inputs of the GB Model (Scenario C: Slow Levelling-up) 

 

 2011 2020 2031 2051 2071 2011 2020 2031 2051 2071 

London and WSE 10.8  12.8  12.7  12.3  11.9  9.2  11.0  10.9  10.6  10.3  

Midlands 4.4  4.9  5.0  5.3  5.6  4.2  4.8  4.9  5.1  5.3  

South West 2.4  2.7  2.7  2.9  3.0  2.3  2.5  2.5  2.7  2.8  

Northern England 6.5  7.1  7.3  7.7  8.1  6.4  7.0  7.1  7.5  7.9  

Wales 1.3  1.4  1.4  1.5  1.6  1.3  1.4  1.4  1.5  1.5  

Scotland 2.4  2.5  2.6  2.7  2.9  2.4  2.5  2.6  2.7  2.9  

Total 27.7  31.4  31.8  32.4  33.1  25.7  29.1  29.5  30.1  30.7  

% annual growth  2011-20 2020-31 2031-51 2051-71  2011-20 2020-31 2031-51 2051-71 

London and WSE  
1.90% -0.04% -0.15% -0.16%  1.92% -0.02% -0.14% -0.15% 

Midlands  
0.23% 0.20% 0.26% 0.26%  0.25% 0.17% 0.24% 0.24% 

South West  
0.19% 0.19% 0.26% 0.26%  0.20% 0.18% 0.23% 0.23% 

Northern England  
0.19% 0.19% 0.26% 0.26%  0.18% 0.19% 0.25% 0.25% 

Wales  
0.17% 0.19% 0.26% 0.26%  0.12% 0.15% 0.22% 0.22% 

Scotland  
0.13% 0.18% 0.26% 0.26%  0.13% 0.16% 0.25% 0.25% 

Total  
0.25% 0.10% 0.10% 0.10%  0.25% 0.10% 0.11% 0.11% 
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Table B4. Key Inputs of the GB Model (Scenario D: Dynamic Recovery) 

 
 2011 2020 2031 2051 2071 2011 2020 2031 2051 2071 

London and WSE 10.8  12.8  13.3  14.2  15.0  9.2  11.0  11.5  12.2  12.9  

Midlands 4.4  4.9  5.3  6.1  7.0  4.2  4.8  5.1  5.9  6.7  

South West 2.4  2.7  2.9  3.3  3.8  2.3  2.5  2.7  3.1  3.5  

Northern England 6.5  7.1  7.6  8.8  10.1  6.4  7.0  7.5  8.6  9.9  

Wales 1.3  1.4  1.5  1.7  2.0  1.3  1.4  1.5  1.7  2.0  

Scotland 2.4  2.5  2.7  3.1  3.6  2.4  2.5  2.7  3.1  3.6  

Total 27.7  31.4  33.4  37.2  41.6  25.7  29.1  30.9  34.6  38.6  

% annual growth  2011-20 2020-31 2031-51 2051-71  2011-20 2020-31 2031-51 2051-71 

London and WSE  
1.90% 0.41% 0.30% 0.29%  1.92% 0.43% 0.31% 0.28% 

Midlands  
0.23% 0.65% 0.71% 0.71%  0.25% 0.63% 0.69% 0.66% 

South West  
0.19% 0.64% 0.71% 0.71%  0.20% 0.62% 0.68% 0.70% 

Northern England  
0.19% 0.64% 0.71% 0.71%  0.18% 0.64% 0.69% 0.72% 

Wales  
0.17% 0.64% 0.71% 0.71%  0.12% 0.61% 0.68% 0.79% 

Scotland  
0.13% 0.63% 0.71% 0.71%  0.13% 0.61% 0.71% 0.71% 

Total  
0.25% 0.55% 0.55% 0.55%  0.25% 0.55% 0.56% 0.55% 
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Appendix C: Scenario Settings of the YRD model 

 

Table C1. Key Inputs of the YRD model (Scenario A: Persistent Regional Imbalance). 

 

 Jobs (million) Dwellings (million) 

 2015 2020 2035 2050 2070 2015 2020 2035 2050 2070 

Greater Shanghai 13.6  16.2  21.0  26.4  34.5  9.8  11.1  13.4  16.2  20.6  

Greater Nanjing 9.1  9.7  10.7  11.7  13.1  5.6  5.8  6.3  6.8  7.5  

Greater Suzhou 13.6  15.3  18.2  21.3  25.9  7.8  8.6  10.1  11.8  14.4  

Greater Hangzhou 13.5  14.9  17.1  19.7  23.7  8.0  8.7  9.8  11.1  13.0  

Greater Ningbo 9.8  10.9  12.5  14.2  16.5  5.9  6.4  7.1  7.8  8.8  

Greater Hefei 7.6  8.1  9.1  10.3  12.1  5.0  5.4  6.3  7.4  9.1  

Rest of Jiangsu 24.8  24.6  24.4  24.5  24.7  13.9  14.2  14.6  15.0  15.6  

Rest of Zhejiang 11.4  12.3  14.0  15.7  18.1  7.2  7.7  8.7  9.7  11.2  

Rest of Anhui 26.9  27.0  27.3  27.7  28.3  15.6  16.2  17.0  17.8  18.9  

Total 130.4  139.0  154.3  171.3  197.0  78.9  84.1  93.3  103.6  119.2  

% annual growth  2015-20 2020-35 2035-50 2050-70  2015-20 2020-35 2035-50 2050-70 

Greater Shanghai  3.58% 1.73% 1.53% 1.36%  2.38% 1.30% 1.26% 1.21% 

Greater Nanjing  1.27% 0.65% 0.61% 0.57%  0.94% 0.51% 0.49% 0.47% 

Greater Suzhou  2.34% 1.15% 1.06% 0.99%  2.03% 1.07% 1.03% 0.99% 

Greater Hangzhou  1.87% 0.96% 0.93% 0.93%  1.58% 0.83% 0.81% 0.81% 

Greater Ningbo  2.04% 0.95% 0.84% 0.74%  1.41% 0.71% 0.66% 0.60% 

Greater Hefei  1.30% 0.78% 0.81% 0.82%  1.76% 1.02% 1.04% 1.06% 

Rest of Jiangsu  -0.22% -0.04% 0.01% 0.05%  0.35% 0.19% 0.20% 0.20% 

Rest of Zhejiang  1.63% 0.82% 0.77% 0.72%  1.46% 0.77% 0.75% 0.72% 

Rest of Anhui  0.08% 0.08% 0.10% 0.11%  0.66% 0.34% 0.32% 0.30% 

Total  1.28% 0.70% 0.70% 0.70%  1.28% 0.70% 0.70% 0.70% 

 

  



67 

Table C2. Key Inputs of the YRD model (Scenario B: Continued Regional Recession) 

 

 Jobs (million) Dwellings (million) 

 2015 2020 2035 2050 2070 2015 2020 2035 2050 2070 

Greater Shanghai 13.6  16.2  17.5  18.9  20.8  9.8  11.1  11.7  12.4  13.3  

Greater Nanjing 9.1  9.7  10.0  10.3  10.6  5.6  5.8  6.0  6.1  6.3  

Greater Suzhou 13.6  15.3  16.1  16.9  18.0  7.8  8.6  9.1  9.5  10.1  

Greater Hangzhou 13.5  14.9  15.5  16.1  17.0  8.0  8.7  9.0  9.3  9.8  

Greater Ningbo 9.8  10.9  11.3  11.8  12.4  5.9  6.4  6.6  6.8  7.0  

Greater Hefei 7.6  8.1  8.4  8.7  9.1  5.0  5.4  5.7  5.9  6.3  

Rest of Jiangsu 24.8  24.6  24.5  24.5  24.5  13.9  14.2  14.3  14.4  14.5  

Rest of Zhejiang 11.4  12.3  12.8  13.2  13.9  7.2  7.7  8.0  8.3  8.6  

Rest of Anhui 26.9  27.0  27.1  27.2  27.3  15.6  16.2  16.4  16.6  16.9  

Total 130.4  139.0  143.2  147.5  153.6  78.9  84.1  86.6  89.3  92.9  

% annual growth  2015-20 2020-35 2035-50 2050-70  2015-20 2020-35 2035-50 2050-70 

Greater Shanghai  3.58% 0.52% 0.50% 0.48%  2.38% 0.38% 0.38% 0.37% 

Greater Nanjing  1.27% 0.19% 0.18% 0.18%  0.94% 0.14% 0.14% 0.14% 

Greater Suzhou  2.34% 0.34% 0.33% 0.32%  2.03% 0.31% 0.31% 0.30% 

Greater Hangzhou  1.87% 0.28% 0.27% 0.27%  1.58% 0.24% 0.24% 0.24% 

Greater Ningbo  2.04% 0.28% 0.27% 0.25%  1.41% 0.21% 0.20% 0.19% 

Greater Hefei  1.30% 0.22% 0.23% 0.23%  1.76% 0.29% 0.30% 0.30% 

Rest of Jiangsu  -0.22% -0.01% -0.01% 0.00%  0.35% 0.05% 0.05% 0.05% 

Rest of Zhejiang  1.63% 0.24% 0.23% 0.23%  1.46% 0.22% 0.22% 0.22% 

Rest of Anhui  0.08% 0.02% 0.02% 0.02%  0.66% 0.10% 0.09% 0.09% 

Total  1.28% 0.20% 0.20% 0.20%  1.28% 0.20% 0.20% 0.20% 
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Table C3. Key Inputs of the YRD model (Scenario C: Slow Levelling-up) 

 

 Jobs (million) Dwellings (million) 

 2015 2020 2035 2050 2070 2015 2020 2035 2050 2070 

Greater Shanghai 13.6  16.2  16.3  16.5  16.6  9.8  11.1  11.2  11.3  11.4  

Greater Nanjing 9.1  9.7  10.0  10.4  10.9  5.6  5.8  6.0  6.2  6.5  

Greater Suzhou 13.6  15.3  15.8  16.3  17.1  7.8  8.6  8.9  9.2  9.6  

Greater Hangzhou 13.5  14.9  15.3  15.9  16.6  8.0  8.7  9.0  9.3  9.7  

Greater Ningbo 9.8  10.9  11.2  11.6  12.1  5.9  6.4  6.6  6.8  7.1  

Greater Hefei 7.6  8.1  8.4  8.6  9.0  5.0  5.4  5.6  5.8  6.0  

Rest of Jiangsu 24.8  24.6  25.4  26.2  27.4  13.9  14.2  14.6  15.1  15.8  

Rest of Zhejiang 11.4  12.3  12.8  13.2  13.8  7.2  7.7  8.0  8.3  8.6  

Rest of Anhui 26.9  27.0  27.9  28.8  30.1  15.6  16.2  16.7  17.3  18.0  

Total 130.4  139.0  143.2  147.5  153.6  78.9  84.1  86.6  89.3  92.9  

% annual growth  2015-20 2020-35 2035-50 2050-70  2015-20 2020-35 2035-50 2050-70 

Greater Shanghai  3.58% 0.05% 0.04% 0.04%  2.38% 0.07% 0.06% 0.06% 

Greater Nanjing  1.27% 0.22% 0.22% 0.22%  0.94% 0.22% 0.22% 0.22% 

Greater Suzhou  2.34% 0.22% 0.22% 0.22%  2.03% 0.22% 0.22% 0.22% 

Greater Hangzhou  1.87% 0.22% 0.22% 0.22%  1.58% 0.22% 0.22% 0.22% 

Greater Ningbo  2.04% 0.22% 0.22% 0.22%  1.41% 0.22% 0.22% 0.22% 

Greater Hefei  1.30% 0.22% 0.22% 0.22%  1.76% 0.22% 0.22% 0.22% 

Rest of Jiangsu  -0.22% 0.22% 0.22% 0.22%  0.35% 0.22% 0.22% 0.22% 

Rest of Zhejiang  1.63% 0.22% 0.22% 0.22%  1.46% 0.22% 0.22% 0.22% 

Rest of Anhui  0.08% 0.22% 0.22% 0.22%  0.66% 0.22% 0.22% 0.22% 

Total  1.28% 0.20% 0.20% 0.20%  1.28% 0.20% 0.20% 0.20% 
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Table C4. Key Inputs of the YRD model (Scenario D: Dynamic Recovery) 

 
 Jobs (million) Dwellings (million) 
 2015 2020 2035 2050 2070 2015 2020 2035 2050 2070 

Greater Shanghai 13.6  16.2  17.0  17.7  18.6  9.8  11.1  11.7  12.3  13.1  

Greater Nanjing 9.1  9.7  10.9  12.2  14.1  5.6  5.8  6.5  7.3  8.5  

Greater Suzhou 13.6  15.3  17.1  19.1  22.2  7.8  8.6  9.7  10.8  12.6  

Greater Hangzhou 13.5  14.9  16.6  18.6  21.6  8.0  8.7  9.7  10.9  12.6  

Greater Ningbo 9.8  10.9  12.1  13.6  15.8  5.9  6.4  7.1  8.0  9.3  

Greater Hefei 7.6  8.1  9.1  10.1  11.8  5.0  5.4  6.1  6.8  7.9  

Rest of Jiangsu 24.8  24.6  27.5  30.7  35.7  13.9  14.2  15.8  17.7  20.6  

Rest of Zhejiang 11.4  12.3  13.8  15.5  17.9  7.2  7.7  8.6  9.7  11.2  

Rest of Anhui 26.9  27.0  30.2  33.8  39.2  15.6  16.2  18.1  20.2  23.5  

Total 130.4  139.0  154.3  171.3  197.0  78.9  84.1  93.3  103.6  119.2  

% annual growth  2015-20 2020-35 2035-50 2050-70  2015-20 2020-35 2035-50 2050-70 

Greater Shanghai  3.58% 0.31% 0.28% 0.25%  2.38% 0.36% 0.34% 0.31% 

Greater Nanjing  1.27% 0.75% 0.75% 0.75%  0.94% 0.75% 0.75% 0.75% 

Greater Suzhou  2.34% 0.75% 0.75% 0.75%  2.03% 0.75% 0.75% 0.75% 

Greater Hangzhou  1.87% 0.75% 0.75% 0.75%  1.58% 0.75% 0.75% 0.75% 

Greater Ningbo  2.04% 0.75% 0.75% 0.75%  1.41% 0.75% 0.75% 0.75% 

Greater Hefei  1.30% 0.75% 0.75% 0.75%  1.76% 0.75% 0.75% 0.75% 

Rest of Jiangsu  -0.22% 0.75% 0.75% 0.75%  0.35% 0.75% 0.75% 0.75% 

Rest of Zhejiang  1.63% 0.75% 0.75% 0.75%  1.46% 0.75% 0.75% 0.75% 

Rest of Anhui  0.08% 0.75% 0.75% 0.75%  0.66% 0.75% 0.75% 0.75% 

Total  1.28% 0.70% 0.70% 0.70%  1.28% 0.70% 0.70% 0.70% 

 


