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Executive Summary 
 

This report analyses the potential impact of the Let’s Get Welly Moving programme of public transport and road 

improvements on the future distribution of population and employment in Greater Wellington. The aim of doing so 

is twofold: 

 

• First, it seeks to inform service planning, including assessments of transport capacity requirements to serve 

growth, which may be influenced by land use change. 

• Second, it seeks to inform economic analysis of the LGWM programme, as land use changes resulting from 

transport investments may generate additional benefits over and above conventional transport benefits. 

 

We begin by describing the additional benefits that may arise from transport projects that induce land use change 

and discuss how to value some categories of benefits. This is an emerging area for transport appraisal and one where 

we expect best practice to change in the future. Subject to this caveat, we outline a pragmatic procedure that can be 

used to value economic benefits of land use change and present some indicative ‘order of magnitude’ estimates of 

the scale of those benefits. We estimate that there may be annual economic benefits on the order of $5,000 to $10,000 

per additional city centre job that is ‘unlocked’ by the LGWM programme. These benefits are additional to 

conventional transport benefits and wider economic benefits measured under a ‘static’ land use scenario. 

 

We then investigate three methods for estimating how the LGWM programme will affect the distribution of growth 

within Greater Wellington. This is also an emerging area for transport appraisal: if land use changes were easy to 

model, we would model them on a more regular basis. As a result, we implement three different models and use the 

results to ‘triangulate’ on a most likely outcome, noting that there is uncertainty about outcomes: 

 

• Supply-side analysis: We examine transport capacity constraints for city-centre bound journeys and apply a 

crowding deterrence function to estimate how capacity constraints might reduce further growth in city centre 

employment under the do-minimum scenario. 

• Demand-side analysis: We develop two alternative statistical models to predict how improvements in public 

transport and road travel times and accessibility to employment will affect the attractiveness of living and 

working in different places: 

o Accessibility-density model: This model focuses on how differences in access to jobs via the transport 

network cause differences in population and employment density between locations. 

o Spatial general equilibrium model: This model focuses on how changes to travel times between areas 

can cause people to change their choice of home location and work location. 

 

These models analyse how improving transport accessibility will affect the distribution of population and employment. 

They do not consider how improvements to urban amenities may affect growth in different locations. This is an 

important caveat as elements of the LGWM programme are aimed at catalysing urban regeneration. 

 

In our modelling, we have assumed that the LGWM programme will affect how projected future growth is distributed, 

but that it will not increase the overall regional growth rate. In our view, this is likely to be a conservative assumption, 

but modelling how local transport improvements may affect the inter-regional or international distribution of growth 

would require a fundamentally different approach. 

 

With those caveats in mind, the following table summarises our ‘composite’ scenario for land use change, which 

reflects our best guess at the most likely outcome based on the analysis to date. Under this scenario: 

 

• The city centre’s population is predicted to be slightly lower than in the base case scenario, while employment 

is predicted to be slightly higher 

• The remainder of Wellington City would experience increases in both population and employment 
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• Other territorial authorities would experience reductions in population and employment. We note that this is 

not an aspiration for the programme, but it is a potential outcome from the programme. 

 

We would expect these changes to have the following impacts: 

 

• Increase demand for the new rapid transit spine by increasing the residential population along the corridor 

and increasing city centre employment 

• Increase economic productivity by moderately increasing the share of regional employment located in the 

city centre and in the Newtown area 

• Potentially generate other land use change benefits through revitalisation in the Newtown area. 

 

Table 1: Composite scenario for land use change resulting from the LGWM full programme with no cordon 

charge (2036) 

Location Population Jobs 

2013 2036 base 

case 

2036 

scenario 

Change 2013 2036 base 

case 

2036 

scenario 

Change 

City centre 18,669 31,714 29,940 -1,774 88,361 106,559 109,059 2,500 

Kapiti 50,651 59,588 57,666 -1,922 14,037 16,515 15,863 -652 

Lower Hutt 101,138 107,326 103,519 -3,807 40,465 42,956 41,752 -1,204 

Porirua 53,674 62,593 61,777 -816 15,111 17,627 16,944 -683 

Upper Hutt 41,377 47,375 46,476 -899 11,345 12,989 12,460 -529 

Wairarapa 42,375 44,241 42,785 -1,456 17,541 17,459 16,487 -972 

Wellington City (non-

CBD) 

181,652 209,869 220,542 10,673 48,901 58,980 60,520 1,540 

Total 489,536 562,706 562,706 0 235,761 273,085 273,085 0 

 

We are more confident about some aspects of this scenario than others. First, our analysis suggests an ‘upper bound’ 

on the share of regional population and employment that may redistribute around the Wellington region in response 

to the LGWM programme. Based on this analysis, it would be plausible for between 2-5% of the region’s projected 

2036 population and employment to change location in response to the programme. 

 

Second, our analysis provides a reasonable amount of certainty about the impact of the LGWM programme on the 

distribution of population growth. Both demand-side models predict that some growth will spread out from the city 

centre to inner-suburban areas served by a new rapid transit spine. As noted, this is likely to increase demand for the 

new public transport corridor and potentially generate additional benefits in terms of urban renewal in these areas. 

 

Third, our analysis suggests there may be more uncertainty about the impact of the LGWM programme on the future 

distribution of employment growth. Potential outcomes range from an increase in city centre employment growth to 

a decrease in city centre employment growth as new jobs spread out to areas that become better connected. We see 

the former scenario as more likely given past trends and the likely future composition of job growth. 

 

Finally, we highlight that this report attempts to do something complicated (forecast the impacts of transport 

improvements on land use) in a short timeframe. Throughout the report, we have highlighted some areas where 

modelling methods could be improved or further tested in the future. We hope that this report makes a useful 

contribution not just to the Let’s Get Welly Moving project but also to the broader discussion about the land use 

impacts of transport investments in New Zealand.   
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1 Introduction 
 

In this report, we analyse the potential for land use change arising from the Let’s Get Welly Moving (LGWM) 

programme. 

 

1.1 Description of the LGWM programme 
 

Let’s Get Welly Moving is a multi-modal programme of transport improvements that aims to improve access to and 

through the central parts of Wellington. This includes: 

 

• Development of a new rapid transit spine 

• Regional public transport network improvements 

• Walking and cycling improvements concentrated in but not exclusively focused on the city centre 

• Upgrades to the State Highway 1 corridor between the Terrace and Mount Victoria tunnels. 

 

In addition, the LGWM programme is considering a cordon charge for vehicles entering the city centre, excluding 

those passing through en route to other destinations. As a full description of the programme is available in other 

documents, we do not reiterate it at length. 

 

This analysis is based on the most recent available modelling of the LGWM full programme, which was provided by 

the LGWM project team in July 2018. We used outputs from the WTSM model, a strategic transport model that 

models public transport and car journeys between 225 model zones and for multiple time periods, to estimate the 

effects of the full programme. 

 

1.2 Overview of our approach 
 

To undertake this analysis, we have applied three complementary methodologies to help us 'triangulate' on a 

reasonable range of outcomes for development uplift. While this analysis focuses on the LGWM full programme, we 

note that the same approach could be applied to a different programme, or to individual projects, if needed. 

 

Our first approach is a supply-side / capacity constraints analysis. We assess the uplift in city centre-bound transport 

capacity resulting from LGWM and use this to estimate the amount of additional city centre employment growth that 

it could potentially unlock. In doing so, we note that Wellington is a context where there may be excess demand for 

both transport capacity and housing that cannot be met under current arrangements. 

 

Our second approach is a demand-side / attractiveness analysis. We use Wellington-specific data to develop two 

alternative statistical models of the relationship between transport accessibility and the distribution of population 

and employment throughout the region. This enables us to model the potential changes in both residential and 

business land use throughout the region. We cross-check these estimates against previous estimates of land value 

uplift resulting from the rapid transit components of the project. 

 

These methods are intended to be consistent with the expected approach in NZTA’s pending interim guidance on 

dynamic WEBs. Importantly, using several models of how transport improvements may catalyse land use change gives 

us to the opportunity to ‘triangulate’ on the most likely scenario. 

 

Lastly, our third approach is to use available high-level estimates of programme costs and benefits to reverse engineer 

the conditions under which the programme may deliver positive net benefits (ie benefits > costs). To do this, we 

‘invert’ the conventional benefit-cost ratio (BCR) calculation in order to identify the approximate levels of starting 

demands that would be required in order for the project to have a BCR above one. 



 

 

 

7 

 
LGWM land use change analysis FINAL 

 

Prior to undertaking this analysis, we briefly outline: 

 

• How benefits of land use change can be incorporated into transport evaluation, and why land use change 

may result in higher benefits than may occur under a ‘fixed’ land use scenario 

• What base land use assumptions have been used to model transport projects in Wellington. 
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2 Valuing land use change resulting from transport 

improvements 
 

Before analysing how transport improvements may affect the distribution of population and employment throughout 

a region, we must ask why we might be interested in analysing land use change. 

 

There are several potential answers to this question. First, we may be interested in assessing land use change to help 

guide service planning. If a transport improvement will catalyse a significant amount of additional development, then 

it may in turn imply a need to provide more transport capacity than we would otherwise have done. 

 

Second, projects that catalyse land use change may generate additional benefits (or disbenefits), in addition to 

conventional transport benefits that would arise under a static land use scenario. It may be important to value these 

benefits to understand the full effects of ‘city-shaping’ projects. To do so, it is necessary to know something about 

how projects will affect the distribution of land uses. 

 

Consequently, prior to analysing potential for land use change, we outline how we can value the benefits from land 

use change and provide an indicative ‘order of magnitude’ estimate of the scale of some of these benefits.  

 

2.1 Incorporating land use change benefits into transport appraisal 
 

How can we incorporate the benefits (or disbenefits) of changes to land use into transport evaluation? 

 

This is not a question with a straightforward answer. Various research projects have attempted to address it using 

different modelling methods and conceptual frameworks (see eg Parker, 2013; Mulalic, Pilegaard and Rouwendal, 

2015). However, the UK’s WebTAG guidance offers what appears to be a ‘pragmatic’ way of addressing this question. 

 

Appendix C of TAG Unit A2.2 suggests a simple approach to valuing the combined benefits of a transport scheme (T) 

and a land use development (L) that cannot proceed without the transport scheme. This entails calculating benefits 

in two steps: 

 

Equation 1: Calculating combined land use and transport benefits 

S[T&L] = S[T] + S[L|T] 

 

where S[T&L] is the combined benefits of both T and L, S[T] is the benefits of the transport scheme evaluated 

under a fixed land use assumption, and S[L|T] is the benefits of the land use development assuming that the 

transport scheme already exists. 

 

To assess this, it is necessary to model or analyse several scenarios, shown in the following table. These are then used 

as follows: 

 

• To calculate S[T], model and compare transport benefits between scenario C and scenario A 

• To calculate S[L|T], analyse or model and then compare land use and transport benefits between scenarios D 

and C. 

 

Scenario B is not required to calculate benefits, but it can be used to test whether the land use change scenario is in 

fact dependent on the transport scheme. Appendix A of TAG Unit A2.2 sets out a process for doing so by comparing 

transport modelling outputs for scenario B and scenario A. 
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Table 2: Combination of scenarios required for analysing transport schemes that induce land use change 

 Base land use scenario Land use change scenario 

Without transport scheme A B 

With transport scheme C D 

 

An important consideration is that the composition of overall project benefits is likely to shift significantly as a result 

of including benefits from land use change. 

 

WebTAG guidance suggests that S[L|T] will mainly be composed of benefits that arise outside the transport market 

per se, in particular benefits for economic productivity (discussed in more depth below) and benefits related to 

unlocking additional residential or commercial development. Hence where a transport scheme results in more far-

reaching changes to land use, the share of overall benefits that may arise outside the transport market may be larger. 

 

WebTAG recommends valuing benefits from unlocking additional residential or commercial development based on 

the uplift in land value arising from enabling said development. In Appendix D to TAG Unit A2.2, they suggest valuing 

these benefits using a ‘residual value’ approach, preferably implemented by a valuer. This approach entails estimating 

the final value of the development and subtracting estimated development costs (including a profit margin to reflect 

the risk and effort incurred by the developer). WebTAG recommends consulting the UK Department for Communities 

and Local Government’s Appraisal Guidance for more detailed guidance on methods for doing so, including 

adjustments for displacement of development that would have occurred anyway. 

 

Conceptually, this provides a basis for incorporating land value uplift into transport evaluations. 

 

2.2 Additional economic benefits arising from land use change 
 

Conventional transport appraisal methods, as set out in the NZTA’s Economic Evaluation Manual, focus on valuing 

the ‘first-order’ benefits of transport projects that accrue directly to transport users. These include: 

 

• Travel time savings due to faster or more reliable journey times; 

• Cost savings due to the availability of cheaper transport options (eg avoiding paying parking charges in the 

CBD); 

• Improved quality of travel experience, eg due to more comfortable journeys or reduced frustration from 

delays in congestion or waiting for buses; and 

• Increased safety due to prevention of road crashes. 

 

In addition to these basic benefits, evaluation procedures have been extended to capture a range of ‘second-order’ 

benefits that arise from the impact of transport activities on society, economic activity, and the environment. These 

include: 

 

• Health benefits of increased uptake of walking and cycling; 

• Environmental and health benefits from reduced emissions (carbon dioxide, particulates) and transport noise; 

• Wider economic benefits (‘static WEBs’) resulting from the impact of improved accessibility on productivity, 

labour force participation, and competition. 

 

Second-order benefits often have the same ‘sign’ as transport user benefits. For instance, a project that results in 

larger travel time savings and improvements in the quality of experience will also tend to have larger benefits for 

productivity and labour force participation, as it will do more to improve access between firms and workers. 
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As set out in the EEM, these second-order benefits can arise under a ‘static’ land use scenario in which firms and 

workers do not relocate to take advantage of transport improvements. However, additional second-order benefits 

may arise from changes to land use resulting from a transport improvement, if improved accessibility and urban 

amenity encourage some people to relocate. These benefits may include: 

 

• Dynamic agglomeration benefits: If firms and workers relocate to be physically closer to each other, in 

addition to being more accessible via the transport system, then it will lead to additional agglomeration 

benefits over and above the benefits of a fixed land use scenario. 

• Move to more productive jobs (M2MPJ): If some workers relocate to areas where productivity levels are 

higher, then additional taxes paid on higher labour income will be an additional benefit not captured by 

conventional analysis. 

• Land use benefits: Increases in land values due to enabling higher-value development; savings on public 

infrastructure costs; and additional transport, health, and environmental benefits (or disbenefits) resulting 

from any change in travel behaviours from relocating. 

 

These benefits arise outside of the transport system per se. As a result, valuing these benefits requires us to consider 

(and model) impacts that arise in labour markets and firm productivity. We therefore provide some data to establish 

a rough ‘order of magnitude’ indication of the size of ‘dynamic wider economic benefits’ from strengthened 

agglomeration economies and M2MPJ. However, we do not address land use benefits, which can be more complex 

to identify and measure. 

 

We draw upon recently published guidance in the UK’s Transport Analysis Guidance (WebTAG)1 as well as a recent 

NZTA research report on ‘dynamic WEBs’ (Volterra Partners, 2017). While the evaluation methods outlined in these 

sources are not a settled part of New Zealand evaluation practices, they provide an indication of the direction of 

travel that local evaluation guidance may follow in the future. 

 

2.3 Indicative magnitude of dynamic WEBs 
 

To guide discussion and future evaluation of benefits, we provide an indicative ‘order of magnitude’ estimate of the 

size of dynamic WEBs based on Wellington-specific economic data and previous analysis of the economic impacts of 

alternative land use scenarios in Auckland. 

 

2.3.1 Dynamic agglomeration benefits from land use change 
 

To provide a rough indication of the potential magnitude of dynamic agglomeration benefits arising from land use 

change, we draw upon a report that we wrote for Auckland Council in 2016 assessing the impact of alternative urban 

form scenarios on economic productivity in Auckland (MRCagney, 2016). This analysis employed ART transport 

modelling outputs to implement the agglomeration benefit calculations outlined in the EEM under alternative land 

use scenarios. 

 

The following table summarises key results from this analysis. This shows that a more ‘intensive’ scenario in which the 

central isthmus area roughly doubled to 310,000 households by 2046, with a corresponding increase in central area 

employment, would result in an annual net increase in GDP of around $100 million relative to the base case land use 

scenario. Conversely, a more ‘expansive’ scenario would decrease GDP, because increases in agglomeration potential 

in outer suburbs would be outweighed by the loss of economic mass in central areas. 

 

This suggests that there is a quantifiable link between scenarios for land use change and outcomes for economic 

productivity. In addition, following the literature reviewed in that project, improvements to consumer amenities 

                                                      
1 Available online at https://www.gov.uk/guidance/transport-analysis-guidance-webtag.  

https://www.gov.uk/guidance/transport-analysis-guidance-webtag
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resulting from land use change, eg from better access to a variety of goods and services in urban centres, are likely 

to be additional to these benefits. 

 

Relative to the base case land use scenario, the ‘Intensive’ scenario would result in a net reallocation of almost 70,000 

people from other parts of the Auckland region into the isthmus area. This implies that the average agglomeration 

benefits from relocating one resident / worker from an outlying area to a more central area are on the order of $1,500 

per annum. This is equivalent to a present value benefit stream of $24,000 (at a 6% discount rate over a 40-year 

period). 

 

Conversely, in the ‘Extensive’ scenario, there is a net relocation of 50,000 people from central areas to outlying areas, 

mainly in greenfield development on the fringe. This implies that the average agglomeration disbenefits from 

relocating one resident / worker from the central area to the urban fringe are on the order of $7,000 per annum. This 

is equivalent to a present value disbenefit stream of around $110,000 (at a 6% discount rate over a 40-year period). 

 

Table 3: Modelled region-wide changes in annual economic output (GDP) relative to Base Case scenario 

Scenario Modelled annual change in GDP (2046), by area 

North West Central South Total 

With congestion pricing 

Intensive -$8 million -$8 million $128 million -$6 million $106 million 

Expansive $43 million $11 million -$551 million $127 million -$369 million 

Without congestion pricing 

Intensive -$13 million -$15 million $149 million -$22 million $99 million 

Expansive $34 million $7 million -$503 million $112 million -$350 million 

 

Wellington is a smaller city than Auckland with a significantly different geography and distribution of land uses, and 

therefore local outcomes are likely to be different. As a ‘sense check’ on these values, we have done some simple 

analysis of the impact that relocating 5,000 to 10,000 jobs from the city centre to non-CBD locations (relative to 

Wellington’s base land use scenario for 2046) would have on effective job density and hence agglomeration 

economies. These calculations account for ‘first order’ impacts on the physical proximity of jobs, but they do not 

account for ‘second order’ impacts on ease of travelling between locations. 

 

This analysis results in an estimated agglomeration disbenefit of around $7,000 per worker that is relocated out of 

the Wellington city centre to more peripheral locations. This is on the same order of magnitude as the Auckland 

figures above, but it is likely to represent an upper bound on dynamic agglomeration impacts as relocating workers 

out of the city centre will also reduce peak-period congestion on some key corridors. As a result, we suggest that the 

impacts of dynamic agglomeration are likely to be on the order of $1,000-5,000 per annum for each worker that 

relocates between central and fringe locations, and potentially at the upper end of this range. 

 

2.3.2 M2MPJ benefits from land use change 
 

To provide a rough indication of potential dynamic WEBs arising from a move to more productive jobs, we analyse 

Census data on variations in income between different locations in Wellington. 
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In doing so, we note that some observed differences in incomes between locations are due to differences in the types 

of jobs in those places. This can bias estimates of opportunities for people to raise their incomes by changing locations. 

For instance, somebody working in retail in a suburban shopping mall may have a lower income than somebody 

working in the head office of a bank in the CBD, but they may not have the skills required to raise their income by 

switching to a banking job. 

 

As a result, when quantifying the potential for M2MPJ benefits, we must control for differences in the types of 

industries, occupations, and workers that are in different places. We can do so using custom Census data on average 

incomes for employed people by workplace address and one-digit ANZSIC06 industry. This accounts for broad 

compositional differences, but it may not account for more fine-grained variations in occupations, job types, and 

worker characteristics. 

 

The following table summarises data on mean personal data by workplace address and industry in Wellington, 

excluding agriculture (ANZSIC industry A), mining (B), utility services (D), and non-classified industries (T). Average 

incomes for people working in the Wellington city centre are higher than elsewhere in the region, including the rest 

of Wellington City. This holds true even after controlling for the fact that the city centre has a higher concentration 

of high-income jobs in professional services, financial services, and public administration. The city centre also accounts 

for a very high share (41%) of regional employment relative to other cities in Australia, New Zealand, and North 

America. 

 

The last two rows of the table report two alternative estimates of the city centre wage premium. The penultimate row 

is an ‘unadjusted’ city centre wage premium based on the difference between average wages in the city centre and 

average wages elsewhere in the region. The bottom row reports an ‘adjusted’ wage premium that takes industry-

level differences in wages and weights them according to the composition of jobs in different territorial authorities. 

This gives an indicator of the wage premium that an average worker from, say, Porirua City may expect if they shifted 

to a CBD-based job in the same industry. 

 

As expected, adjusted wage premia are smaller than unadjusted wage premia. The two figures indicate the potential 

range of outcomes for workers relocating between city centre and non-city centre locations in Wellington. If workers 

can move locations and move into the higher-paying industries that are more abundant in the city centre, they may 

earn a higher wage premium from relocating. However, even if they are not able to shift between industries, they 

may experience a lower (but still positive) wage premium. 

 

Importantly, wage premia appear to exist even for relatively low-skilled occupations like retail and food services, 

which suggests that improvements to city centre access may lead to broad-based economic gains. For instance, retail 

employees earn between $5,000 and $7,800 more per annum in the city centre than elsewhere in the region, while 

accommodation / food services employees earn between $2,800 and $8,600 more. 

 

Further analysis, which we do not report here, shows that Newtown, which will be served by a new rapid transit spine, 

also enjoys a wage premium over the rest of the Wellington region, albeit not as large as the city centre wage 

premium.2 As a result, it is possible that M2MPJ benefits may also arise if employment growth shifts into the Newtown 

area. 

 

Volterra Partners (2017) note that even adjusted wage premia may over-state true productivity differentials, as they 

do not control for ‘unobservable’ differences in the types of workers that are in different places. Following Melo and 

Graham (2009), they suggest that controlling for worker characteristics reduces estimates of productivity differentials 

between locations by around half. This ratio could be used to adjust the wage premia estimated using data that 

controlled for industry but not worker characteristics. 

 

                                                      
2 We define Newtown based on four area units: Mt Cook-Wallace St, Adelaide, Newtown West, and Newtown East. This area includes Wellington’s regional hospital and one of its universities, 

which may contribute to higher wages in this area. 
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Table 4: Mean personal income for employed people, by workplace address and industry, 2013 
 

City centre 

(1) 

Wellington 

City (non-

CBD) 

Lower Hutt 

City 

Porirua City Upper Hutt 

City 

Kapiti Coast 

District 

Total employment (excl ANZSIC A, B, D, 

T) 

78,003 41,889 34,506 12,891 9,405 11,472 

Share of employment 41% 22% 18% 7% 5% 6% 

Mean personal income by industry:       

C Manufacturing $62,000 $44,400 $53,100 $51,300 $48,100 $42,300 

E Construction $65,600 $52,500 $55,000 $52,900 $45,400 $47,000 

F Wholesale Trade $77,200 $56,100 $58,500 $51,300 $65,600 $45,000 

G Retail Trade $37,500 $31,100 $32,500 $31,800 $29,700 $31,000 

H Accommodation and Food Services $28,500 $25,700 $23,100 $23,800 $19,900 $20,800 

I Transport, Postal and Warehousing $69,500 $47,400 $48,200 $37,200 $45,100 $39,400 

J Information Media and 

Telecommunications 

$81,100 $86,600 $48,600 $40,700 $46,800 $44,300 

K Financial and Insurance Services $86,100 $72,400 $61,200 $59,500 $56,900 $51,600 

L Rental, Hiring and Real Estate Services $75,000 $52,600 $53,400 $52,600 $62,800 $46,700 

M Professional, Scientific and Technical 

Services 

$90,600 $72,000 $72,000 $69,400 $58,000 $63,400 

N Administrative and Support Services $61,000 $39,200 $40,300 $37,600 $32,100 $32,000 

O Public Administration and Safety $85,000 $53,500 $58,800 $59,900 $61,800 $57,200 

P Education and Training $65,900 $53,000 $48,900 $52,000 $47,500 $45,000 

Q Health Care and Social Assistance $63,200 $56,300 $49,900 $52,600 $39,300 $40,000 

R Arts and Recreation Services $60,600 $38,700 $47,600 $30,500 $29,900 $30,200 

S Other Services $62,200 $38,600 $40,000 $38,300 $36,900 $33,700 

Total (excl ANZSIC A, B, D, T) $75,200 $51,400 $49,900 $48,000 $46,800 $41,000 

City centre average wage premium 

(unadjusted for industry composition) 

 $23,800 $25,300 $27,200 $28,400 $34,200 

City centre wage premium (adjusted for 

industry composition) 

 $13,200 $14,800 $15,100 $19,300 $20,400 

(1) Defined as the following three Census area units: Thorndon-Tinakori Road, Lambton, and Willis Street-Cambridge Terrace 

 

Many of the economic gains from relocating between locations are internalised by workers (or their employers), and 

hence are already indirectly accounted for elsewhere in our analysis of user benefits. However, as noted in the UK 

WebTAG guidance on valuing wider economic impacts of transport, there is an additional social benefit because 

workers pay taxes on added income. The added benefit from M2MPJ is therefore the ‘tax wedge’ on additional labour 

income. (This is similar to the approach used in the EEM to value benefits from an increase in labour supply resulting 

from lower commuting costs.) 
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While the EEM does not provide parameters for estimating the size of the tax wedge on added labour income, 

Kernohan and Rognlien (2011) suggest that there is an average tax wedge equal to around 32% of labour income. 

Consequently, the following table uses this parameter to estimate the potential value of M2MPJ benefits for workers 

relocating to the city centre from elsewhere in the region. 

 

These figures are presented as a range, noting that estimated benefits based on adjusted wage premia are more 

plausible, and that controlling for additional ‘unmeasured’ worker characteristics will tend to further reduce (but not 

eliminate) the city centre wage premium. Based on the adjusted wage premia, we estimate that M2MPJ benefits may 

be on the order of $4,200 to $6,500 per annum, per worker that relocates to work in the city centre, depending upon 

where they would otherwise work. This is equivalent to a present value benefit stream on the order of $65,000 to 

$100,000 (at a 6% discount rate over a 40-year period). 

 

A crude adjustment for unmeasured worker characteristics may reduce the wage premium to between $2,100 to 

$3,300 per annum, depending upon where the workers are relocating from, based on Volterra Partners’ suggested 

rule of thumb that around 50% of wage premia are due to unmeasured worker characteristics. 

 

These figures could also be interpreted as the loss in economic benefits that would arise if constraints to city centre 

access that forced job growth to occur elsewhere in the region instead. 

 

Table 5: Estimated M2MPJ benefit per worker that relocates to the Wellington city centre  

Location that worker is 

relocating from: 

Wellington 

City (non-

CBD) 

Lower Hutt 

City 

Porirua City Upper Hutt 

City 

Kapiti Coast 

District 

Estimated annual tax wedge based 

on: 

     

Unadjusted wage premium $7,600 $8,100 $8,700 $9,100 $10,900 

Adjusted wage premium $4,200 $4,700 $4,800 $6,200 $6,500 

 

2.3.3 Overall magnitude of dynamic WEBs resulting from land use change 
 

The above analysis provides an indication of the potential value of dynamic WEBs associated with relocation of 

employment to the Wellington city centre, or away from it if transport capacity constraints are not overcome. Taking 

both dynamic agglomeration and M2MPJ benefits into account, there may be total benefits in the approximate range 

of $5,000 to $10,000 per annum per worker that relocates. In present value terms, this is roughly equivalent to $75,000 

to $150,000 per worker (at a 6% discount rate over a 40-year period).3 

 

These are indicative figures that should be treated with a high degree of caution. Nonetheless, they provide a rough 

benchmark for thinking about how large the economic benefits of changes to employment location may be. For 

instance, consider an investment in increased transport capacity that allowed an additional 1,000 workers to access 

the city centre, relative to an alternative scenario where they would work in more outlying locations. This is equal to 

around 0.5% of Wellington’s current regional labour force. 

 

A project that enabled these people to be employed in the city centre rather than elsewhere in Wellington would 

generate dynamic WEBs benefits of $75m to $150m. This would be in addition to conventional transport benefits and 

static WEBs. A larger relocation of workers would lead to proportionately larger land use change benefits.   

                                                      
3 These benefits are likely to rise over time, as they scale according to the level of labour productivity and incomes. As these present value figures do not account for growth in incomes over 

time, they may be conservative. 
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3 Base land use assumptions 
 

To provide context for analysis of opportunities for land use change from the LGWM programme, we review the 

historical and present context for urban growth in Wellington and outline base assumptions about future growth and 

change in the distribution of land use that are used for transport modelling in the Wellington region. 

 

3.1 The past 
 

The following diagram shows population growth trends in Wellington region over the 1927-2017 period. During the 

first half of this period, Wellington City grew more slowly than other parts of the region, while the Hutt Valley and 

Porirua grew rapidly off the back of import-substitution industrialisation and post-war suburban expansion. In the 

late 1970s, population growth the Wellington region stalled, due to the end of the postwar boom and the decline of 

industrial employment in the 1980s and 1990s. 

 

Wellington City experienced almost two decades with little or no net population growth, but rapid growth resumed 

in the mid-1990s. This reflected the shift to a service-based economy focused on government employment in the city 

centre, plus growth in professional services, education, and hospitality. The Hutt Valley and Porirua experienced little 

growth during this period – for instance, Lower Hutt has experienced more population growth in the past three years 

than it did in the previous two decades. 

 

Meanwhile, Kapiti Coast has experienced steady growth since the 1950s, reflecting ongoing demand for coastal 

lifestyles and retirement opportunities. 

 

Figure 1: 90 years of population growth in Wellington 

 
Source: Statistics New Zealand 

 

3.2 Constraints to growth 
 

Regional growth has been focused on Wellington City and Kapiti Coast in recent decades. This trend is driven by 

fundamental changes to the structure of the Wellington economy, including the decline of import-substitution 
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manufacturing and the increasing importance of the service sector. As a result, demand for further growth of 

employment and population in Wellington City is likely to persist until other economic changes (or natural disasters) 

dislodge it. (See Sense Partners, 2018 for recent projections of future employment and business land demands.) 

 

That said, Wellington City appears to be hitting constraints, both in terms of transport capacity and availability of 

housing, that may prevent further growth. In other words, while there may be underlying demand for growth, it may 

not be possible to supply new transport capacity and housing to accommodate it, meaning that it may not happen. 

 

We address transport capacity constraints in a subsequent section. Here, we briefly discuss constraints to housing 

supply. 

 

Wellington faces various geographic constraints that make it difficult to build new housing: it is situated on a hilly 

harbour that faces tectonic risks and (in some areas) hazards from sea level rise. Wellington has a very low share of 

flat land relative to other council areas, and, due to previous growth, most developable land in the city is in use for 

existing residential or commercial development. 

 

The following table summarises the amount of relatively flat land available in each Wellington council, relative to 

Auckland, Christchurch City, and New Zealand as a whole. As a rough indicator of the degree to which that land is 

‘built out’, it also reports the average amount of flat land per existing dwelling, noting that in practice many dwellings 

are built on more steeply sloping sites, and that some flat land is used by businesses or infrastructure rather than 

housing. All Wellington councils have a greater share of steep land than the national average, highlighting the city’s 

geographic challenges. 

 

Greater Wellington only has around 3300m2 of flat land per existing dwelling, compared with 8300m2 in Auckland 

and 5100m2 in Christchurch City. Wellington City is one of the most intensely ‘built out’ places in New Zealand, with 

an average of only 1200m2 of flat land per existing dwelling. 

 

Table 6: Flat land relative to existing dwelling stock for selected New Zealand territorial authorities 

Territorial authority Share of land with slope under 15% Amount of flat land per existing 

dwelling (ha) 

Wellington City 27% 0.12 

Lower Hutt City 21% 0.22 

Porirua City 37% 0.38 

Upper Hutt City 17% 0.64 

Kapiti Coast District 29% 0.91 

Total Greater Wellington 25% 0.33 

Auckland 76% 0.83 

Christchurch City 50% 0.51 

Total New Zealand 44% 7.39 

Source: Nunns (2018) 

 

New development must therefore take place on increasingly steep slopes or via infill or redevelopment of existing 

sites, both of which are complex and costly options. This contributes to Wellington’s challenges in ramping up 

housing construction in response to a recent surge in population growth, as shown in Figure 2.4 

                                                      
4 In an analysis of housing supply and prices over the 2001-2016 period, Nunns (2018) found that housing supply in Wellington is much less responsive to demand shocks than most other 

councils, principally due to geographic constraints. 
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Figure 2: New dwelling consents compared with household growth in Greater Wellington 

 
Source: http://urban-development-capacity.mbie.govt.nz/  

 

Wellington can continue to grow, but its geographic constraints mean that it must work harder to do so. It must 

unlock opportunities for ‘vertical’ growth, primarily through redevelopment of sites with existing buildings. 

 

There are three necessary conditions for unlocking this growth, none of which is sufficient in its own right: 

 

• First, there must be sufficient infrastructure capacity, including but not limited to transport capacity, to enable 

new residents and employees to locate in an area. 

• Second, district plan zoning and/or consenting processes must enable it to occur. 

• Third, redevelopment must be commercially feasible: ie it must be possible for a developer to sell new units 

at a price that covers their costs (including profits to reflect risk and effort incurred in development). 

 

Transport investment can enable growth both directly and indirectly. If some existing demand for residential or 

business development cannot be accommodated due to a lack of transport network capacity, then this ‘latent’ growth 

can be unlocked by increasing transport capacity. In addition, new transport investments may shape the commercial 

feasibility of redevelopment by making it more attractive to be in a certain place. 

 

As noted in the WebTAG guidance, the benefits of doing so can be identified by measuring the additional land value 

unlocked by enabling more intensive development. 

 

3.3 Future land use projections 
 

We now summarise the base case land use projections used in the WTSM transport model. Land use projections are 

used to generate projections of future travel patterns throughout the Wellington region. We consider two features 

of these projections. 

 

First, we look the total quantity of projected growth in population, households, and employment throughout the 

entire region. Unless we assume that the LGWM programme will increase the region’s overall growth rate, then we 

are confined to considering alternative land use scenarios that redistribute projected growth between locations. 

http://urban-development-capacity.mbie.govt.nz/
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Second, we look at the distribution of projected growth between locations. We focus on the distribution of growth 

between Wellington City and other territorial authorities and on the distribution of growth between the city centre 

and the rest of the region. Following the above discussion of constraints to growth, we highlight the possibility that 

the growth projected under base land use assumptions may not be achievable without unlocking increased transport 

capacity and potential for redevelopment. 

 

3.3.1 Population and household growth projections 
 

The following table summarises projected population growth over the 2013-2046 period, broken down by territorial 

authority and, within Wellington City, between city centre and non-CBD locations. 

 

In total, the region’s population is expected to grow by around 95,500 people in the three decades to 2046. Following 

recent trends, over half of that growth is expected to occur in Wellington City. Roughly one-third of the population 

growth in Wellington City is expected to occur in the city centre, which is picked to be the most rapidly growing part 

of the region. 

 

The number of households in the region is expected to rise from roughly 181,400 in 2013 to 230,900 in 2046. This 

implies that the region will need to add at least 49,500 new dwellings over this time to keep up with population 

growth. Household numbers will rise more rapidly than population, reflecting a trend towards smaller households, 

eg due to an aging population and smaller family sizes. Growth in households is expected to be distributed in a 

similar way as growth in population. 

 

A quick analysis of 3-dimensional building envelope modelling for the city centre indicates that there is total capacity 

to build around 9200 additional dwellings over and above what is already there on the ground. It is unclear whether 

these figures adjust for the fact that some development capacity will be used for office or retail floorspace. In addition, 

we note that some of this capacity may not be commercially feasible (or geotechnically feasible) to develop. Taking 

those caveats into account, we note that projected household growth of 7500 over the 2013-2046 period would 

occupy most of this space, leaving little additional room for job growth in the city centre. 

 

This highlights potential challenges for accommodating this growth in the city centre and, conversely, the potential 

benefits of enabling more intensive redevelopment to spill over to nearby areas. 
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Table 7: Projected population growth in the WTSM model area, 2013-2046 

Location 2013 2026 2036 2046 Projected 

growth 

2013-2046 

Average 

annual 

growth (%) 

City centre (1) 18,668 28,166 31,715 34,445 15,777 1.9% 

Wellington City (non-

CBD) 

181,654 201,714 209,869 218,361 36,707 0.6% 

Lower Hutt 101,138 104,299 107,327 109,802 8,664 0.2% 

Porirua 53,674 59,002 62,592 64,808 11,134 0.6% 

Upper Hutt 41,375 44,682 47,374 49,979 8,604 0.6% 

Kapiti 50,651 55,238 59,589 62,881 12,230 0.7% 

Wairarapa 42,374 43,491 44,241 44,727 2,353 0.2% 

Total model area 489,534 536,593 562,707 585,003 95,469 0.5% 

(1) Defined as 24 model zones that roughly correspond to the following three Census area units: Thorndon-Tinakori 

Road, Lambton, and Willis Street-Cambridge Terrace 

 

3.3.2 Employment growth projections 
 

The following table summarises projected employment growth over the 2013-2046 period, broken down by territorial 

authority and, within Wellington City, between city centre and non-CBD locations. 

 

In total, regional employment is expected to grow by around 48,100 full-time equivalent workers in the three decades 

to 2046. Nearly half of that growth is expected to occur in the city centre, while a further one-quarter expected to 

occur elsewhere in Wellington City. 

 

Interestingly, the regional average employment to population ratio is expected to hold constant over time, at just 

over two residents per full-time equivalent employee. 

 



 

 

 

20 

 
LGWM land use change analysis FINAL 

Table 8: Projected employment growth (full-time equivalent workers) in the WTSM model area, 2013-2046 

Location 2013 2026 2036 2046 Projected 

growth 

2013-2046 

Average 

annual 

growth (%) 

City centre (1) 88,359 101,399 106,561 111,511 23,152 0.7% 

Wellington City (non-

CBD) 

48,905 56,122 58,979 61,719 12,814 0.7% 

Lower Hutt 40,464 41,742 42,954 43,944 3,481 0.3% 

Porirua 15,112 16,615 17,626 18,250 3,138 0.6% 

Upper Hutt 11,345 12,252 12,990 13,704 2,359 0.6% 

Kapiti 14,037 15,308 16,514 17,426 3,389 0.7% 

Wairarapa 17,540 17,637 17,459 17,349 -191 0.0% 

Total model area 235,760 261,074 273,082 283,903 48,143 0.6% 

(1) Defined as 24 model zones that roughly correspond to the following three Census area units: Thorndon-Tinakori 

Road, Lambton, and Willis Street-Cambridge Terrace 

 

3.3.3 High-level commentary 
 

Base case projections for population and employment imply that a large share of growth will occur in Wellington City, 

especially in the city centre. This may limit the scope for to shift additional growth into these areas via transport 

investment. 

 

For instance, based on our indicative estimate that the dynamic WEBs benefit of adding a worker in the city centre 

rather than elsewhere in the region is in the range of $75,000 to $150,000 (in present value terms), we would need to 

relocate around 20,000 workers to generate land use change benefits on the order of $1.5bn to $3.0bn. This would 

in turn mean that the city centre would have to absorb 90% of overall employment growth over the 2013-2046 period, 

which seems implausible. 

 

However, we can flip this question around, and instead ask whether it is possible to deliver the base case projected 

level of growth in central areas without significantly increasing transport capacity and unlocking broader 

opportunities for redevelopment. The alternative future we face without increasing transport capacity may be one in 

which employment and population growth occurs in more peripheral locations where it provides fewer economic 

benefits. This question is particularly acute given evidence that Wellington is already bumping up against supply 

constraints in housing. 

 

At present, employment in Wellington is concentrated in Wellington City, and especially in the city centre, while 

population is more dispersed around the region. This is a result of the economic advantages that people derive from 

city centre employment – as shown in the analysis of industry-level wage premia in Table 4 – and hence it should not 

be seen as a ‘problem’ to be ‘corrected’. However, it does mean that significant transport capacity is needed to allow 

people to access city centre employment (and retail and recreational destinations) from throughout the region. 

 

Taken together, base case population and employment projections imply that there will be an ongoing and growing 

need for transport access to the city centre. Every part of the region except the city centre is expected to experience 

more growth in population than in jobs. 
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While growth in the city centre population will increase the pool of workers that can access city centre jobs via walking 

and cycling, a growing number of people will need to commute in to city centre jobs. There is also likely to be a 

growing number of people travelling through the city centre, or travelling in for other purposes, such as education, 

shopping, or recreation. 

 

This raises a fundamental question: Will the existing transport system provide enough capacity to enable expected 

growth? Or will a lack of capacity serve as a constraint that will push some growth to other locations in the region?  
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4 Supply-side / capacity analysis 
 

In this section, we describe and implement our first approach for assessing the potential land use change arising from 

the LGWM programme. This approach is based on a supply-side / capacity analysis. 

 

Following the discussion of the base case land use scenario in Section 3, this approach begins under the assumption 

that, even if there is demand for additional development in an area, a lack of effective transport capacity may prevent 

this growth from being realised. In this context, added transport capacity can release latent demand for development, 

allowing land use to change relative to the base case scenario. 

 

To implement this approach, we have drawn upon the methodology outlined by Volterra Partners (2017), as well as 

a somewhat granular analysis of public transport capacity constraints under the existing scenario and the LGWM 

programme scenario. In doing so, we note that transport capacity is a somewhat ill-defined and subjective concept. 

While there is a physical limit to the number of people who can fit on a bus or the number of vehicles that can fit on 

a road at a given time, level of service (and hence people’s willingness to travel) tends to deteriorate prior to this 

point. On the other hand, many people can travel at a different time to avoid crowded or congested conditions. 

 

4.1 The effect of capacity constraints on development 
 

Volterra Partners (2017) outlines a method that they previously applied to estimate the potential uplift in demand 

arising from a rail capacity increase in London: 

 

Volterra undertook statistical analysis which showed that growth in peak period rail demand to central London 

begins to decline at around 65% of [estimated optimal rail capacity] (across the 3 hour peak period). Using this, 

a ‘crowding deterrence function’ (CDF) was derived, showing how much growth in peak rail demand was 

deterred at different levels of crowding. This is shown in Figure 1. In this example, an increasing proportion of 

potential growth is deterred after crowding reaches 65%, and all growth is deterred when crowding reaches 

115% of [optimal capacity]. 

 

The following diagram illustrates the deterrence function used in their analysis. An important note here is that 

planning guidance capacity (PGC) does not represent the maximum physical capacity of a public transport service, 

but a ‘desirable maximum’ level, beyond which passengers will be severely crowded. Furthermore, some users may 

be deterred even at a lower level of crowding, reflecting the fact that public transport services can become 

uncomfortable at a level below ‘sardine’ loads. 
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Figure 3: Crowding deterrence function used in Crossrail analysis (Volterra Partners, 2017) 

 
 

The effect of a public transport capacity increase is therefore to reduce the degree to which users are deterred from 

accessing a destination, eg for employment purposes. This in turn makes it possible for that location to grow faster 

than it otherwise would. 

 

4.2 Estimating public transport capacity constraints 
 

There are three broad points of entry to the Wellington city centre. We analyse capacity constraints and thus demand 

deterrence separately for each point of entry, rather than for individual routes: 

 

• First, from the north. Public transport services are provided via the commuter rail network, which serves 

Johnsonville, the Hutt Valley, Wairarapa, Porirua, and the Kapiti Coast, and the bus network, which serves 

Wellington City’s northern suburbs and some other areas to the north of Wellington city. 

• Second, from Karori and Kelburn, which have bus connections to the city centre. The Karori bus line runs 

through the city centre via Lambton Quay and Courtenay Place. 

• Third, from Wellington City’s southern and eastern suburbs. These areas are served by various bus routes 

that run through the city centre via Lambton Quay and Courtenay Place before branching out to serve 

different suburbs. 

 

The following map illustrates the structure of the current Wellington bus network. Lambton Quay is the location 

where bus volumes are highest, and hence where capacity constraints resulting from the availability of road space 

are most directly binding. However, constraints on the number of buses that can move through the centre of the 

network manifest as constraints on the number of peak passengers that can be moved on individual routes. In other 

words, while the most stringent constraints arise on Lambton Quay, we must measure their effects elsewhere in the 

network, eg at several cordon points. 
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Figure 4: Wellington City public transport network as at April 2018 

 
Source: https://www.metlink.org.nz/on-our-way/wellington-city/wellington-city-geographic-bus-route-map/  

 

In terms of capacity, modelling undertaken for LGWM has assumed the vehicle capacities listed in the following table. 

We note that these figures are worth reviewing, as public transport vehicle capacity can vary significantly depending 

upon specific vehicle characteristics and layout. Based on a quick review, it seems that the bus and BRT capacities 

may reflect ‘crush loads’ while the LRT capacity reflects a comfortable maximum. Consequently, we adjust Volterra 

Partners’ crowding deterrence function, assuming that all growth is deterred once buses and BRT reach 100% of 

capacity, rather than 115% of capacity as assumed for the London rail network. 

 

https://www.metlink.org.nz/on-our-way/wellington-city/wellington-city-geographic-bus-route-map/
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Table 9: Indicative / assumed public transport vehicle capacities used in LGWM modelling 

Vehicle type Assumed maximum capacity Notes 

Bus 65 passengers This is assumed to reflect a single-decker bus with seated 

capacity of around 40-45 people and standing capacity of 20-25 

people (assuming ‘crush loads’). 

BRT 100 passengers This is assumed to reflect a double-decker bus with seated 

capacity of around 65-70 people and standing capacity of 30-35 

people (assuming ‘crush loads’ and no vehicle weight limits). 

LRT 220 passengers This is assumed to reflect a 33 metre light rail vehicle (a la 

Melbourne E class) with less than 50% seated capacity. 220 

passengers reflects a ‘comfortable’ maximum, rather than crush 

loads, which are closer to 300. 

Note: These assumptions are provisional and should be tested in further analysis. 

 

We used inputs and outputs from the WTSM model to estimate the number of people that can be moved across key 

cordon points during the AM peak period, focusing on the entire two-hour peak period. These capacity estimates 

appear to assume around 90-100 buses per hour on Courtenay Place, per direction, by 2036. It is unclear whether 

this represents the practical maximum for the corridor, or whether there are any opportunities to optimise stop layout, 

road space allocation, and/or intersection timing to further increase bus volumes. At this stage, we have assumed 

that this represents the practical maximum for the corridor. 

 

We then compare these with estimated demands in 2036 from the LGWM programme option with no cordon charge 

for trips into the city centre, which we assume provide a reasonable ‘unconstrained’ estimate of public transport 

demands. This provides an estimate of the relationship between demand and capacity, and hence the values that we 

require to apply a crowding deterrence function. 

 

This analysis is summarised in the table on the following page. We report demand/capacity ratios separately for each 

individual public transport approach to the city centre (including the rail system), and for each of the three broad 

groups of routes that we identify above. As network structure changes between options, the results for broad areas 

are more reliable than results for individual corridors. In addition, we note that vehicle frequencies on individual 

routes can be balanced out if there is evidence that some routes are significantly over capacity while others are under 

capacity. 

 

This analysis shows that, under the do-minimum scenario: 

 

• Routes from the western areas (Karori / Kelburn) are not predicted to be over capacity by 2036, with an 

average demand/capacity ratio of 0.81. However, by this point all seated capacity on buses will be full, and 

many individual buses will be arriving with full passenger loads. 

• Routes from northern areas are likely to be closer to capacity constraints by 2036, with an estimated average 

demand/capacity ratio of around 0.91. Once again, this suggests that seated capacity will be full, with many 

individual buses and trains arriving with full loads. 

• Routes from the southern and eastern suburbs estimated to be closest to capacity constraints. Excluding 

buses on Oriental Parade and Marjoribanks St, the average demand/capacity ratio for these routes is 

estimated to be 0.96, at which point capacity constraints will have deterred some customers. 

 

The LGWM programme would release these capacity constraints. Demand/capacity ratios would fall to 0.61 for routes 

from the western areas, 0.57 for routes from the north, and 0.59 for routes from the south and east. Some localised 

capacity constraints may still apply, but this suggests that LGWM would succeed in providing significant headroom 

for growth.  
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 Table 10: Demand versus capacity analysis for key public transport routes into the Wellington city centre 

Cordon point Modelled demand (varies between scenarios) Modelled capacity (varies between scenarios) Demand/capacity ratios, using demand from the 2036 LGWM, no toll scenario 

2013 base 2036 do-min 2036 LGWM no toll 2036 LGWM $5 toll 2013 base 2036 do-min 2036 LGWM 2036 do-min capacity 2036 LGWM capacity 

Western areas 
  

 
      

Bowen St 1402 1896 1777 2191 2183 2110 1560 0.84 1.14 

The Terrace 703 654 912 1262 1011 1216 2860 0.75 0.32 

Sub-total 2105 2550 2689 3453 3194 3326 4420 0.81 0.61 

Northern areas          

Rail network 15308 21374.00 18485 20849 20907 20907 31900 0.88 0.58 

Mulgrave St 966 1199 1356 1762 2515 2457 1833 0.55 0.74 

Thorndon Quay 2585 3601 6671 7967 4999 5766 12850 1.16 0.52 

Sub-total (incl rail) 18859 26174 26512 30578 28421 29130 46583 0.91 0.57 

Southern and eastern areas          

Mt Vic bus tunnel 2307 3152 1330 1725 3563 4030 1560 0.33 0.85 

Cambridge Terrace 1922 2024 5422 6326 3162 2156 7200 2.51 0.75 

Taranaki St 673 1403 1487 1783 1980 1820 5232 0.82 0.28 

Willis St 733 1385 1469 1823 1537 2101 2340 0.70 0.63 

Oriental Pde 259 556 415 575 879 1014 1300 0.41 0.32 

Marjoribanks St 33 70 109 139 130 706 780 0.15 0.14 

Sub-total 5927 8590 10232 12371 11121 11827 18412 0.87 0.56 

Sub-total ex Oriental Pde, Marjoribanks 5635 7964 9708 11657 10242 10107 16332 0.96 0.59 

 



 MRCagney Pty Ltd 

Level 4, 12 O’Connell Street 

Auckland, 1010 

PO Box 3696, Shortland Street 

Auckland, 1140 

New Zealand 

t: +64 9 377 5590 

f: +64 9 377 5591 

e: auckland@mrcagney.com 

www.mrcagney.com 

NZBN 1317981 

 
 

 

 

27 

 
LGWM land use change analysis FINAL 

4.3 Applying crowding deterrence functions to estimate impacts on 

growth 
 

We now apply the crowding deterrence function described above to estimate the degree to which the capacity 

constraints identified under the do-minimum may reduce growth in AM peak travel to the city centre, and hence limit 

the growth of employment and economic activity in that location. 

 

As noted, we modify Volterra Partners’ CDF to reflect the fact that PT capacity estimates appear to be based on crush 

loads for buses. Hence we assume that once buses reach 100% of capacity all further growth is deterred, and that 

deterrence ramps up linearly starting at 65% of capacity, which is roughly equal to full seated capacity. As above, 

demand/capacity ratios are estimated based on the entire AM peak period. 

 

The following chart shows the results of applying the crowding deterrence function to the southern and eastern 

public transport routes (excluding Oriental Parade and Marjoribanks St routes). This provides an indication of the 

degree to which LGWM will unlock additional capacity, and hence potential for employment and economic growth 

in the city centre, and how these effects will play out over time. ‘Underlying demand’ is estimated based on a simple 

straight-line interpolation between modelled 2013 demands and 2036 demands under the LGWM option, with no 

toll. 

 

The horizontal lines represent the maximum capacity under the do-minimum and the LGWM option, while the 

‘adjusted demand’ lines reflect the demands that may occur once we take deterred passengers into account. 
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Figure 5: Application of crowding deterrence function to southern and eastern public transport routes 

 
 

The following chart shows how CDF-adjusted demand under the Do-Minimum scenario compares to CDF-adjusted 

demand under the LGWM scenario over time. Initially, there is little difference, reflecting the fact that capacity 

constraints are not currently tightly binding. However, starting in the late 2020s, Do-Minimum arrangements will 

support less growth. By the end of the period, they are estimated to only support 80% of the PT volumes enabled by 

the LGWM programme. This means that roughly 25% of growth in city centre access via public transport over this 

period will not be able to be served. 
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Figure 6: CDF-adjusted demand under Do-Minimum PT capacity relative to LGWM programme PT capacity 

 
 

The following table summarises 2036 results for other points of entry to the city centre. This suggests that Do-

Minimum arrangements will support around 27% less growth in public transport access to the city centre than the 

LGWM option over the 2013-2036 period. After this point, growth will become more constrained under the Do-

Minimum option. This would result in a reduction of around 3,300 AM peak trips to the city centre. 

 

Table 11: Crowding Deterrence Function-adjusted reduction in AM peak PT journeys to the city centre 

Point of entry to 

city centre 

2013 PT demand CDF-adjusted 2036 demand Reduction in growth 

due to constrained 

capacity under Do-

Min 

Do-Minimum LGWM full 

programme 

Western areas 2,105 2,589 2,689 -100 trips (-17%) 

Northern areas (incl 

rail) 

18,859 24,341 26,512 -2,171 trips (-28%) 

Southern and eastern 

areas (ex 

Marjoribanks and 

Oriental Pde) 

5,635 8,683 9,708 -1,025 trips (-25%) 

Total 26,599 35,613 38,909 -3,296 trips (-27%) 

 

4.4 Identifying an alternative land use scenario using capacity 

constraints 
 

These figures can be used to adjust city centre employment growth downwards in future years, assuming that some 

growth in employment will be associated with employees that also live in the city centre or within walking distance. 
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As a ‘back of envelope’ estimate of the effects of this constraint, recall from Table 7 and Table 8 that, under the base 

case land use scenario, the broader Wellington city centre is expected to experience the following growth over the 

2013-2036 period: 

 

• 18,200 added full-time equivalent jobs 

• 13,050 added residents 

 

If we assume that around half of added residents are employed in the city centre – matching the regional average 

employment to population ratio – and that they will predominantly walk or cycle to work, then that leaves the need 

to accommodate an additional 11,700 commuters entering the city centre. 

 

This additional commuter demand is very similar to the modelled growth of 12,500 additional AM peak public 

transport users crossing the city centre cordon over this period (from Table 10). Hence there appears to be a roughly 

one-to-one relationship between growth in AM peak public transport trips to the city centre and growth in 

employment. 

 

Consequently, our rough estimate is that capacity constraints under the Do-Minimum scenario would lead to a 

redistribution of around 3,300 jobs from the city centre to other parts of the Wellington region that are not as 

capacity-constrained. Conversely, the LGWM programme would enable this growth to occur and also provide 

significant additional ‘headroom’ for growth over and above baseline demands. Thus there is also the potential for 

growth to occur faster than expected under the base case land use scenario. 

 

This approach has several important shortcomings. First, it does not provide a prediction about the precise location 

where capacity constraints will reduce employment, and where it will increase. As a result, we simply assume that 

employment will reduce proportionately in all city centre model zones, and that it will be redistributed to other 

locations in proportion to the degree to which they are expected to grow over the 2013-2036 period. This results in 

roughly half of the reduction in city centre employment being diverted to other parts of Wellington City and the 

remainder being spread around other TAs. 

 

Second, this approach does not allow us to identify impacts on the distribution of residential population growth. If 

the city centre grows less rapidly, it may in turn make it less attractive to locate in inner areas that are close to 

employment. This is an important shortcoming of this modelling approach and one that we address in the following 

section on demand-side analysis of land use change. 

 

Third, these findings are sensitive to assumptions about network structure and hence should be reviewed in the future. 
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Table 12: Estimated land use changes arising from public transport capacity constraints under the Do-

Minimum scenario 

Location Population Jobs 

2013 2036 base 

case 

2036 scenario 

with Do-Min 

capacity 

Change 2013 2036 base 

case 

2036 scenario 

with Do-Min 

capacity 

Change 

City centre 18,669 31,714 31,714 0 88,361 106,559 103,259 -3,300 

Wellington City 

(non-CBD) 

181,652 209,869 209,869 0 48,901 58,980 60,712 1,732 

Lower Hutt 101,138 107,326 107,326 0 40,465 42,956 43,384 428 

Porirua 53,674 62,593 62,593 0 15,111 17,627 18,059 432 

Upper Hutt 41,377 47,375 47,375 0 11,345 12,989 13,271 282 

Kapiti 50,651 59,588 59,588 0 14,037 16,515 16,941 426 

Wairarapa 42,375 44,241 44,241 0 17,541 17,459 17,459 0 

Total 489,536 562,706 562,706 
 

235,761 273,085 273,085 
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5 Demand-side / attractiveness analysis 
 

In this section, we describe and implement our second approach for assessing potential land use change arising from 

the LGWM programme. 

 

This approach takes a fundamentally different perspective than the first approach. The first approach assumes a 

certain degree of ‘exogenous’ demand to locate in certain places that may be deterred by capacity constraints, 

preventing a certain land use scenario from being realised. By contrast, this approach assumes that transport 

improvements may shape the attractiveness of locating in certain places, eg by influencing how accessible, attractive, 

or productive those locations are. 

 

In this section, we test two different statistical methodologies for predicting how changes in transport accessibility 

will cause changes in peoples’ choices of home and work locations. The first approach extends the ‘accessibility-

density curve’ approach outlined by Volterra Partners (2017), which uses changes in transport-weighted access to 

jobs as a basis for identifying changes in density resulting from transport projects. 

 

The second approach is based on a spatial general equilibrium model in which people simultaneously choose their 

home and work locations, based on the underlying attractiveness of different locations and the costs of travelling 

between various locations. This draws on recent research conducted by Mulalic et al (2015) and Donovan (2017). 

 

Prior to investigating these approaches, we highlight some conceptual challenges for predicting how land uses will 

respond to transport improvements and outline some potential statistical remedies that can be applied to address 

these problems. 

 

5.1 Conceptual challenges 
 

To set the scene for this analysis, we highlight some conceptual challenges that make it difficult to analyse impact of 

transport improvements on demand for new development. 

 

Development does not occur instantaneously: it takes time to acquire sites, obtain financing and resource consent, 

and ultimately develop new residential or commercial space. In an area that is already built up, the effects of transport 

improvements on new development can take place over a multi-decade period, and as a result it is not feasible to 

measure impacts using short-run data on new development.  

 

Land prices do adjust more rapidly than the actual density of development. In principle, and setting aside any barriers 

to development, such as district plan limits on new development, higher land prices are a ‘signal’ to the market that 

there is demand to develop land more densely. Consequently, we could use land price adjustment as an indication 

that density will rise in the longer term, following a causal chain from transport improvements to land value uplift to 

increased development. However, this does not necessarily provide information about the timing or ultimate quantity 

of added development. 

 

In light of this, it is tempting to look at the cross-sectional correlation between transport accessibility and density of 

development as an indication of the long-run relationship between these variables. Volterra Partners (2017) suggests 

using this approach to predict the long-run effects of a future transport improvement: 

 

The Accessibility-Density approach was developed (for London) to help distribute expected future growth while 

taking account of future transport infrastructure, as well as historical trends. It does this by correlating how 

employment and population densities vary according to the level of transport accessibility. It is a static cross-

sectional model, which does not describe the causality behind the relationship but gives a one-off correlation of 

transport accessibility and development density. 
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The approach to forecasting land use change is simply to assume that future land use will respond to transport 

changes in the same way as existing development has responded to current accessibility. There are weaknesses 

with this approach because the analysis assumes a one way relationship between accessibility and density with 

accessibility always being the driver. In reality […] there are also examples where major developments have then 

forced transport to serve them simply because of the scale of demand. One example is the Isle of Dogs itself 

where the success of the JLE and DLR created the need for Crossrail to also run through the Isle of Dogs. 

 

They illustrate this approach with the following accessibility-density curves for London and Manchester. 

 

Figure 7: Accessibility-density curves for two UK cities (Volterra Partners, 2017) 

London 

 

Manchester 

 

 

However, as Volterra Partners note, cross-sectional correlation does not necessarily indicate that increased 

accessibility causes increased density. For instance, it may be the case that some areas are dense for other reasons, 

eg proximity to a historical town centre or port, and that transport agencies simply provide additional service or 

capacity in response to pre-existing density. 

 

The basic problem is laid out in the following diagram. Our attempts to measure the causal impact of transport 

accessibility on density are ‘confounded’ by the presence of some unobserved variables that simultaneously affect 

both transport accessibility and density. For instance, an unobserved variable may be the actions of a transport agency, 

which chooses to provide additional service to places that are already relatively dense. 

 

In econometric parlance, this creates ‘endogeneity’ between transport accessibility and density. We prefer to describe 

it as the ‘chicken and egg problem’. 

 

Figure 8: Causality problems 

The relationship we want to identify The messy reality 
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Figure 2: Accessibility-density curve for employment in London 

 

 Source: Volterra 

Figure 3: Accessibility-density curve for employment in Manchester 

 

 Source: Volterra 
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Figure 2: Accessibility-density curve for employment in London 
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Figure 3: Accessibility-density curve for employment in Manchester 
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5.2 Possible statistical remedies 
 

Subject to data availability, there are several statistical techniques that can be applied to estimate causal relationships, 

as opposed to simple correlations. Endogeneity is a common problem when studying agglomeration economies, ie 

the relationship between density or transport accessibility and economic productivity. As a result, empirical studies 

on agglomeration economies typically use one or more statistical strategies for addressing the chicken and egg 

problem. Broadly speaking, these can be grouped into three categories: 

 

• Include additional variables, especially for firm and worker characteristics, to reduce the potential for omitted 

variable bias; 

• Use panel data (repeated observations of the same set of firms/workers/locations over time) rather than 

cross-sectional data (observations taken at a single point in time) to control for unobserved characteristics 

that might affect productivity and bias estimates of agglomeration elasticities; and/or 

• Use instrumental variables estimation to address issues related to reverse causality or omitted variables that 

cannot be directly measured. 

 

In a meta-analysis of 34 empirical studies of agglomeration elasticities, Melo, Graham and Noland (2009) find that 

analysts’ choice of statistical methods can affect the magnitude of measured elasticities: 

 

country specific effects, the industrial coverage, the specification of agglomeration economies, and the presence 

of controls for both unobserved cross-sectional heterogeneity and differences in time-variant labor quality [note: 

this relies upon the availability of panel data] can give rise to large differences in the results reported in the 

literature. In contrast, correcting for reverse causality of agglomeration does not seem to produce noticeable 

changes in the size of urban agglomeration estimates. 

 

Our ability to apply the first two techniques to analyse the impacts of transport improvements on development 

density is limited by the availability of data. For instance, we lack long-run historical data on past changes in transport 

provision, accessibility, and employment and population density in the Wellington region. 

 

The third technique, instrumental variables regression, could be used to address omitted variables and reverse 

causality in a cross-sectional setting. This requires us to find a third variable (or several additional variables) that meet 

the following criteria: 

 

• The instrumental variable(s) should be correlated with the explanatory variable of interest – ie we need to 

find a variable that is correlated with transport accessibility 

• The instrumental variable(s) should not be correlated with other unobserved factors that might affect the 

outcome variable – ie we need to find a variable that is correlated with accessibility but not correlated with 

other factors that might influence density. 

 

The following diagram shows the requirements for a valid instrument in graphical form. If these conditions hold, then 

any correlation between the instrumental variable and development density should reflect the causal impact of 

improved transport accessibility on density, rather than a simple correlation. 
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Figure 9: Characteristics of valid instrumental variables 

 
 

However, good instruments are hard to find, and it can be difficult to determine whether proposed instruments are 

valid. Studies that use this approach tend to rely upon path-dependent historical processes, accidents of history, or 

the presence of fixed geographical features such as rivers or harbours. 

 

For instance, Ahlfeldt et al (2015) use the Berlin Wall to study the causal impact of effective density on productivity 

and wellbeing in that city. The Wall has affected effective density and access to jobs, but it was put in place and torn 

down as a result of external political factors, rather than the economic needs of firms and workers. As a result, it 

provides a source of exogenous variation in accessibility that can be used to study the causal impact on productivity. 

 

In a similar vein, Duranton and Turner (2012) use historical plans for road and railway networks to study the impact 

of road-building on traffic growth and other economic outcomes in the US. They rely upon the fact that early-1900s 

highway plans were designed without knowledge of today’s economic conditions, but they have influenced 

subsequent investment decisions through path-dependency in infrastructure planning. Other studies have used 

historical information on population or employment density as instruments, relying on path-dependency in firms’ 

location even as economic conditions change. 

 

5.3 Accessibility-density curves for Wellington 
 

With the above challenges in mind, we use WTSM model outputs for the 2013 base year to quantify the relationship 

between transport accessibility and the density of population and employment within each model zone. We start by 

looking at the correlation between transport accessibility and density, before investigating whether we can identify 

the direction of causality. 

 

We measure transport accessibility using the effective job density (EJD) measure that the EEM defines for use in 

calculating agglomeration benefits of transport improvements. EJD calculates the number of jobs accessible via the 

transport system, assigning a lower weight to jobs that are further away in terms of travel time. To calculate EJD based 

on transport model outputs, we begin by calculating the weighted average travel time between for each pair of 

origins (indexed by i) and destinations (indexed by j) (step 1). Then we divide the number of jobs in each destination 

zone j by average travel time to that zone and sum up across all destination zones to obtain the travel-time-weighted 

sum of jobs available from each origin zone i (step 2). 

 

Equation 2: Calculating effective job density 

Step 1:  

𝑎𝑣𝑔𝑡𝑖𝑚𝑒𝑖,𝑗 =
𝑝𝑡𝑡𝑖𝑚𝑒𝑖,𝑗 ∗ 𝑝𝑡𝑑𝑒𝑚𝑎𝑛𝑑𝑖,𝑗 + 𝑐𝑎𝑟𝑡𝑖𝑚𝑒𝑖,𝑗 ∗ 𝑐𝑎𝑟𝑑𝑒𝑚𝑎𝑛𝑑𝑖,𝑗

𝑝𝑡𝑑𝑒𝑚𝑎𝑛𝑑𝑖,𝑗 + 𝑐𝑎𝑟𝑑𝑒𝑚𝑎𝑛𝑑𝑖,𝑗
 

Step 2: 

𝐸𝐽𝐷𝑖 =∑
𝑗𝑜𝑏𝑠𝑗

𝑎𝑣𝑔𝑡𝑖𝑚𝑒𝑖,𝑗𝑗≠𝑖
 

Note: When calculating changes in EJD between multiple scenarios, we average transport demands between those 

scenarios as recommended in the EEM agglomeration benefits procedure. 
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The following graphs show how EJD relates to population and employment density in the Wellington region in 2013. 

These graphs show a strong positive correlation: Areas that are more accessible to jobs via the transport system also 

tend to be denser, although there can be significant differences in density between areas with a similar level of 

transport accessibility. The resulting graphs are similar to Volterra Partners’ analysis for London and Manchester. 

 

To quantify the strength of these relationships, we begin by using ordinary least squares (OLS) regression to look at 

the relationship between EJD and population / employment density, controlling for straight-line distance to the city 

centre and the elevation of the model zone centroid.5 Coefficients from these models suggest that: 

 

• A 10% increase in EJD is associated with an 8% increase in population density; and 

• A 10% increase in EJD is associated with a 32% increase in job density. 

 

We tested some other variants of these models, eg with different specifications for the transport accessibility variable, 

but did not find any major differences. Future work may seek to delve further into these relationships. 

 

As noted above, these estimates do not necessarily mean that a 10% increase in transport accessibility will cause a 

32% increase in job density, but they do indicate that there is the potential for a causal relationship. As we have 

controlled for distance to the city centre and the elevation of the model zone, they should be interpreted as the 

relationship between transport accessibility and density for similarly-located places with similar geography. 

                                                      
5 More specifically, we estimate the following models using OLS, where 𝛽1 in each model is the coefficient of interest: 

ln(𝑃𝑜𝑝𝑑𝑒𝑛𝑠𝑖𝑡𝑦𝑖) = 𝛽𝑜 + 𝛽1 ln(𝐸𝐽𝐷𝑖) + 𝛽2 ln(𝐷𝑖𝑠𝑡𝐶𝐵𝐷𝑖) + 𝛽3𝐸𝑙𝑒𝑣𝑖 + 휀𝑖 
ln(𝐽𝑜𝑏𝑑𝑒𝑛𝑠𝑖𝑡𝑦𝑖) = 𝛽𝑜 + 𝛽1 ln(𝐸𝐽𝐷𝑖) + 𝛽2ln(𝐷𝑖𝑠𝑡𝐶𝐵𝐷𝑖) + 𝛽3𝐸𝑙𝑒𝑣𝑖 + 휀𝑖 
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Figure 10: Cross-sectional accessibility-density graphs for Wellington (2013) 

Panel A: EJD and population density 

 
Panel B: EJD and employment density 

 
 

5.3.1 Measuring the causal effect of transport accessibility on density 
 

To identify the causal effect of increased EJD on population and employment density, we employ the instrumental 

variables (IV) regression approach described above. To identify valid instruments, we consider the impact of 

Wellington’s physical geography on transport accessibility. As a large share of employment is concentrated in the city 

centre, we would expect places that are closer to the city centre, as the crow flies, to have a higher EJD. However, the 

city’s hills and harbours can create large, exogenous variations in transport accessibility for places that are a similar 

distance from the city centre. 
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For example, the suburbs of Hataitai and Newtown are roughly the same distance from town hall, but the presence 

of Mount Victoria, shown in the following chart, increases travel times for many Hataitai residents, thereby lowering 

its EJD. Similarly, Eastbourne and Tawa are roughly the same distance from town hall, but the presence of the harbour 

increases the distance that Eastbourne residents must travel to reach employment and thus lowers its EJD.6 

 

Figure 11: Elevation change along straight lines from model zone centroids to the Wellington town hall 

 
 

Importantly, the presence of hills and harbours does not reduce the intrinsic attractiveness of different locations for 

residential development. If anything, coastal suburbs like Eastbourne may be more attractive as places to live than 

inland suburbs like Tawa, as they have better views and beach access. 

 

Consequently, we develop instruments for EJD using the following approach: 

 

• Draw a straight line between the model zone centroid and town hall 

• Calculate the share of this line that crosses land, as opposed to water 

• Break the line into 100m segments and calculate the elevation of each segment’s end-point. Use these 

elevations to calculate the average slope (absolute value of rise over run) for the entire distance. 

 

This results in several measures of the degree to which Wellington’s physical geography makes it difficult to access 

jobs from different model zones. As we have several potential instruments, we can formally test our assumption of 

instrument exogeneity, ie that these variables affect population or job density only through their effect on EJD. The 

following table summarises statistical tests for three instruments (average slope of straight line from model zone 

centroid to town hall; share of that line that crosses land, and the square of land share), which indicates that these 

instruments are relevant and valid for estimating the causal effects of EJD on population and employment density. 

 

                                                      
6 Specifically, EJD is around 30% higher in Newtown relative to Hataitai, in spite of the fact that they are both around 2.5km from town hall as the crow flies. Likewise, EJD is around 29% higher 

in Tawa relative to Eastbourne, in spite of the fact that they are both around 12-13km from town hall. 
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Table 13: Statistical tests for instrument relevance and validity 

Test Population density model Employment density model Comment 

Weak instruments 

test 

F-stat = 33.519*** 

p-value = <0.001 

F-stat = 33.519*** 

p-value = <0.001 

Reject the null hypothesis of weak 

instruments. 

This suggests that instruments are 

relevant for explaining variation in EJD. 

Overidentifying 

restriction test 

(Sargan chi test) 

J-stat = 0.846 

p-value = 0.6552 

J-stat = 3.169 

p-value = 0.2050 

Fail to reject the null hypothesis of 

instrument exogeneity. 

This suggests that instruments are valid 

for identifying causal effects of EJD on 

population / job density. 

 

The following table summarises our estimates of the causal effect of EJD on population and employment density, 

based on the IV regression approach described above. Coefficients of interest are highlighted in bold. Our key 

findings are as follows: 

 

• A 10% increase in EJD causes a 39% increase in local job density, ie employees per hectare in the model 

zone 

• A 10% increase in EJD causes a 22% increase in local population density, ie people per hectare in the 

model zone. 

 

Both effects are statistically significant. Unlike the simple correlations shown in the charts above, these reflect causal 

effects, and hence we can use them to predict how changes in EJD will cause long-run changes in density. This 

represents a significant methodological improvement over the approach outlined by Volterra Partners (2017), which 

relied upon correlations, rather than estimates of causal effects. 

 

Interestingly, the cross-sectional correlation between EJD and population density under-estimates the causal effect. 

This reflects the fact that some relatively inaccessible places, like Eastbourne, may have attracted more development 

due to other local factors that increase the desirability of living there, like the presence of a beach or attractive views.  
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Table 14: The impact of improved transport accessibility on population and employment density in 

Wellington 

Model Population density model Employment density model 

Outcome variable ln(2013 population density) ln(2013 job density) 

Explanatory variables Coefficient Robust SE p-value Coefficient Robust SE p-value 

ln(effective job density) 2.167 0.710 0.003** 3.881 0.564 0.000*** 

ln(distance to CBD) 0.074 0.233 0.753 0.287 0.175 0.101 

Elevation of model zone 

centroid 

-0.008 0.001 0.000*** -0.010 0.001 0.000*** 

Constant -17.6 8.5 0.040* -35.5 6.7 0.000*** 

Model statistics       

R2 0.43    0.78  

Wald test 55.13*** 

(df = 3; 221) 

   167.4*** 

(df = 3; 221) 

 

Notes: ln(EJD) is instrumented with three variables: average slope of straight line from model zone centroid to town hall; share of that 

line that crosses land, and the square of land share. 

Statistical significance levels: . p<0.1; * p<0.05; ** p<0.01; *** p<0.001 

 

5.3.2 Using these results to forecast land use changes caused by transport 

upgrades 
 

These estimates give us the ability to forecast the long-run land use effects of transport improvements using a two-

step process that is analogous to existing EEM procedures for modelling agglomeration benefits. 

 

In the first step, we use transport model outputs to calculate the change in effective job density between the do-

minimum transport scenario and the LGWM programme scenario, under base land use assumptions. Differences in 

EJD are calculated for each individual transport model zone using the approach outlined in the EEM, which involves 

averaging mode shares between the option and do-minimum scenarios. 

 

In the second step, we apply the above elasticities to predict the resulting changes in job density and population 

density resulting from the option scenario. Once again, these changes are estimated for each individual model zone. 

We apply the following formulas to calculate changes in population and employment within each model zone as a 

function of changes in EJD. 

 

Equation 3: Formulas for calculating changes in land use as a function of changes in EJD 

𝑃𝑐𝑡𝐶ℎ𝑎𝑛𝑔𝑒𝐽𝑜𝑏𝑠𝑖 = (
𝐸𝐽𝐷𝑖

𝑂𝑝𝑡

𝐸𝐽𝐷𝑖
𝐷𝑀)

𝛿

− 1 

𝑃𝑐𝑡𝐶ℎ𝑎𝑛𝑔𝑒𝑃𝑜𝑝𝑖 = (
𝐸𝐽𝐷𝑖

𝑂𝑝𝑡

𝐸𝐽𝐷𝑖
𝐷𝑀) − 1 

 

where 𝐸𝐽𝐷𝑖
𝑂𝑝𝑡

 and 𝐸𝐽𝐷𝑖
𝐷𝑀 are effective job density in model zone i under the Option and Do-Minimum, respectively; 

𝛿 = 3.88 is the elasticity of model zone employment density with respect to EJD; and 휀 = 2.17 is the elasticity of 

model zone population density with respect to EJD. These elasticities are calculated above. 
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If we assume that the transport scheme will not affect the overall level of population growth in the region, then we 

must then adjust model zone population and job numbers to ensure that the aggregate totals add up to the same 

as in the base land use scenario. What this will mean is that model zones that experience larger increases in EJD will 

gain population and jobs, while model zones that experience smaller increases will lose population and jobs relative 

to the base land use scenario. 

 

An optional third step would be to feed the modified land use scenario back into the transport model to calculate 

the second-order effects of changes to the distribution of population and employment on congestion and hence EJD. 

This could be iterated several times until convergence was reached. 

 

5.3.3 Technical note: City centre travel times 
 

The WTSM model predicts that most AM peak trips taken within the city centre area, defined as 24 model zones that 

roughly correspond to the area between Parliament and Te Aro, will be by car. In the Do-Minimum scenario for the 

2036 AM peak it predicts a total of 12,800 car trips that start and end in the city centre, compared with 1900 public 

transport trips. This implies a car mode share of around 87% for internal trips in the city centre. In addition, WTSM 

does not model the origins and destinations of walking and cycling trips. 

 

This mode share is inconsistent with observed data and appears to represent an artefact of the model. For instance, 

the following table summarises 2013 Census data on mode share for commuting trips taken within the Wellington 

city centre. 72% of these trips were bike or walking trips, while an additional 13% of people worked at home or did 

not commute. Only 6% of people commuted by car. 

 

The LGWM full programme entails reallocating some space on the Quays for new rapid transit routes. In the baseline 

WTSM modelling this results in travel time disbenefits for car trips, and therefore net reductions in effective job 

density for some city centre model zones due to the assumption of a high car mode share for internal city centre 

trips. 

 

Based on the Census data, we assume that most or all modelled internal CBD car trips are in fact walking or cycling 

trips, which are predicted to experience negligible changes in travel times. Consequently, we set modelled changes 

in car travel times for internal CBD trips to zero prior to calculating EJD for these model zones. This does not affect 

car trips originating or ending elsewhere in the region. 
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Table 15: Transport mode share for commuting trips within the Wellington city centre, 2013 Census 

Home area unit Work area unit Worked at 

home on 

Census day / 

did not 

commute 

Bus, train, or 

other PT 

Driver or 

passenger 

Bike or walk Not 

elsewhere 

included 

Total 

commuters 

Thorndon-

Tinakori Road 

Thorndon-

Tinakori Road 

147 18 63 483 15 729 

Thorndon-

Tinakori Road 

Lambton 66 81 99 819 6 1,074 

Thorndon-

Tinakori Road 

Willis Street-

Cambridge Terrace 

30 57 45 159 6 297 

Lambton Thorndon-

Tinakori Road 

27 33 24 222 6 312 

Lambton Lambton 222 45 51 1,110 21 1,449 

Lambton Willis Street-

Cambridge Terrace 

69 18 33 381 6 504 

Willis Street-

Cambridge Terrace 

Thorndon-

Tinakori Road 

36 120 39 255 9 462 

Willis Street-

Cambridge Terrace 

Lambton 108 174 87 1,302 21 1,692 

Willis Street-

Cambridge Terrace 

Willis Street-

Cambridge Terrace 

291 42 54 948 21 1,359 

Total 996 588 495 5,679 111 7,878 

Share of intra-city centre commutes 12.6% 7.5% 6.3% 72.1% 1.4% 
 

 

5.4 Application of accessibility-density model to LGWM programme  
 

We have applied the accessibility-density method described above to model the potential magnitude and location 

of land use change arising from the LGWM programme. This method produces model zone-level estimates of the 

degree to which the distribution of population and land use will change due to transport improvements that improve 

accessibility to jobs. 

 

We use this approach to model the land use impacts of the LGWM full programme with no city centre cordon charge, 

relative to the do-minimum scenario. 

 

This method could also be used to estimate land use changes from other options. However, we note that further 

work may be needed to accurately account for the impact of a city centre cordon charge. We have calculated EJD as 

a function of travel times, excluding financial costs. This measure will capture the benefits of congestion pricing in 

delivering faster travel times, but it will not capture the cost of the charge, which may be a significant detriment for 

people with constrained budgets. 

 

5.4.1 Land use impacts of LGWM full programme with no cordon charge 
 

This methodology models changes in the distribution of population and employment between scenarios as a function 

of changes in transport accessibility, as measured by effective job density (EJD). The following map shows modelled 

changes in EJD under a static land use scenario, based on WTSM outputs for the 2036 AM peak period. Darker shades 
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of blue indicate larger percentage increases in transport accessibility. Modelled EJD only decreases in a small number 

of model zones indicated in yellow. (As these zones are close to the city centre, we expect that this relates to the 

above issue with WTSM predicting an inappropriately high car mode share in some central areas.) 

 

EJD is expected to increase throughout most of the region, reflecting faster journey times by car and public transport, 

with larger percentage increases in Wellington’s southern suburbs, including Newtown, Island Bay, and Miramar, and 

in some northern suburbs. 

 

Figure 12: Changes in EJD under the LGWM programme with no cordon charge, relative to the do-minimum 

(2036) 

 
 

We apply the formulas in Equation 3 to these modelled changes in effective job density to predict the percentage 

change in population and employment in each model zone relative to the base case land use scenario, and then 

adjust these results to ensure that regional population and employment stays fixed between scenarios. (In effect, we 

assume that the LGWM programme will affect the distribution of growth around the region, but that it will not affect 

Greater Wellington’s overall growth rate relative to other regions.) 

 

The following maps illustrate the resulting changes in the distribution of population and employment, relative to the 

base land use scenario. Blue and green shades indicate areas where the number of residents or jobs is predicted to 

increase, while yellow and red colours indicate decreases. 

 

These changes broadly follow the distribution of changes in EJD. Wellington’s southern suburbs are predicted to 

experience the largest numerical increases in both jobs and population, but changes are widely distributed 

throughout the region. In general, these results suggest that the LGWM programme will distribute growth from the 
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city centre to other parts of the region, especially places near the city centre that are newly becoming more accessible. 

A theme emerging from this analysis is that the LGWM programme will have a significant impact on increasing access 

to the areas to the south of the Wellington city centre, both via better connections to the regional road network and 

to the existing concentration of jobs in the city centre. 

 

Figure 13: Accessibility-density model predictions for changes in jobs and population relative to base land 

use scenario (2036) 

Panel A: Change in jobs 

 
Panel B: Change in population 

 
 

The following table summarises the resulting change in the distribution of land use at the territorial authority level, 

with Wellington broken down further into the broader city centre and non-city centre locations. This modelling 

approach implies that: 

 

• City centre population and employment are predicted to be lower than in the base case scenario, with a 

larger reduction in employment 
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• The remainder of Wellington City would experience increases in both population and employment, indicating 

that employment will shift out of the city centre while remaining in relatively central locations  

• Other territorial authorities would experience reductions in population, but employment will increase in some 

places. 

 

In total, this analysis implies that the LGWM full programme will result in the redistribution of around 5.4% of regional 

employment and 3.0% of regional population between model zones, relative to the base land use scenario. This is a 

broadly plausible rate of land use change given the scale of the programme, but is it a plausible distribution of 

changes? 

 

Table 16: Accessibility-density predictions for changes in the distribution of population and employment 

resulting from the LGWM full programme with no cordon charge (2036) 

Location Population Jobs 

2013 2036 base 

case 

2036 

scenario 

Change 2013 2036 base 

case 

2036 

scenario 

Change 

City centre 18,669 31,714 29,222 -2,492 88,361 106,559 96,104 -10,455 

Kapiti 50,651 59,588 56,588 -3,000 14,037 16,515 15,870 -645 

Lower Hutt 101,138 107,326 102,068 -5,258 40,465 42,956 41,653 -1,303 

Porirua 53,674 62,593 61,664 -929 15,111 17,627 18,022 395 

Upper Hutt 41,377 47,375 45,902 -1,473 11,345 12,989 12,788 -201 

Wairarapa 42,375 44,241 43,149 -1,092 17,541 17,459 17,543 84 

Wellington City 

(non-CBD) 

181,652 209,869 224,113 14,244 48,901 58,980 71,105 12,125 

Total 489,536 562,706 562,706 0 235,761 273,085 273,085 0 

 

The following table summarises the model zones that are predicted to experience the largest positive and negative 

changes in population and jobs (relative to the base case land use projection for 2036) due to the LGWM full 

programme. Newtown South, Miramar, and Kilbirnie are expected to experience the largest increase in both 

population and jobs, while Hunter and Boulcott (near Town Hall) are expected to experience the largest decreases in 

employment growth. 
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Table 17: Largest modelled changes in population and jobs at the model zone level, accessibility-density 

model (2036)  

Ranked by: Change in population Change in jobs 

Zone Name Change Zone Name Change 

Largest 

increases 

14 Newtown South 2,722 9 Kilbirnie 1,921 

2 Miramar 1,543 14 Newtown South 1,603 

9 Kilbirnie 1,472 2 Miramar 1,297 

79 Woodbridge 1,019 13 Newtown North 1,276 

16 Island Bay North 736 3 Karaka Bays 778 

Largest 

decreases 

120 Mazengarb -421 49 Civic -928 

129 Otaki -447 60 Lower Cable Car -960 

198 Parkway -453 66 Pipitea West -980 

211 Solway -505 59 Hunter -1,471 

25 Aro Valley -527 57 Boulcott -1,658 
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5.5 Spatial general equilibrium model of location choice 
 

To give a second view on the potential impact of changes in travel times between locations on land use, we estimate 

a spatial general equilibrium (SGE) model to predict location choice. We define ‘location choice’ based on the volume 

of commuting flows between origin and destination points. Larger flows mean that more people are choosing to live 

and work in certain places. 

 

This analysis builds upon previous research on the impact of transport costs on transport mode choice. McFadden 

(1974) pioneered the use of multinomial logit models to estimate transport mode choice and applied these models 

to forecast demand for new rail lines in the San Francisco Bay Area. Small and Verhoef (2007) provide a general review 

of theory and practice in this area. Results from this research have been used to calibrate transport forecasting models. 

 

However, transport choice models often assume that agents have fixed origin and destination locations that deliver 

them a set level of utility, and that they are seeking to minimise the disutility associated with travelling between these 

locations. Under this assumption, agents’ utility maximisation problem is equivalent to a cost-minimisation problem. 

 

In practice, transport improvements also appear to affect location choices. For instance, Duranton and Turner (2012) 

investigate the impact of highway construction and public transport improvements on traffic congestion in the US, 

finding that predicted improvements to travel time have not materialised. Rather, the overall volume of travel has 

increased as households and businesses relocate in response to new transport infrastructure. 

 

As a result, some papers have extended the conventional transport mode choice framework to also consider choice 

of home and work locations (see eg Anas, 1981; Donovan, 2017; Mackett, 1985; Mulalic et al, 2015). In this expanded 

setting, each individual i is assumed to choose home location j, work location j, and commuting mode m to maximise 

utility: 

 

max
𝑗,𝑘,𝑚

𝑈𝑖𝑗𝑘𝑚 = 𝑈𝑗 +𝑊𝑘 + 𝐶𝑗𝑘𝑚 + 𝜖𝑖𝑗𝑘𝑚 

 

where Uj and Wk denote the utility derived from living in location j and working in location k, respectively; Cjkm is the 

utility of commuting from j to k by mode m; and 𝜖𝑖𝑗𝑘𝑚 is an error term. Here, I treat Uj and Wk as location-specific 

fixed effects, although some papers, such as Anas (1981) attempt to ‘explain’ them. I further assume that the utility 

of commuting can be specified as a weighted sum of transport characteristics: 

 

𝐶𝑗𝑘𝑚 = 𝑋𝑗𝑘𝑚′𝛽𝑗 + 휀𝑗𝑘𝑚 

 

where Xjkm is a vector of characteristics of commuting mode m for trips between j and k, such as time cost, financial 

cost, and perceived comfort and quality; 𝛽𝑗 is a mode-specific vector of parameters to be estimated; and 휀𝑗𝑘𝑚 is an 

error term that captures ‘unobserved’ characteristics of a particular commute. 𝛽𝑗 varies by mode to capture the fact 

that the utility of, eg, travel time may differ between modes. 

 

If we assume that 𝜖𝑖𝑗𝑘𝑚  is independent and identically distributed, and that it follows a Type I extreme value 

distribution, which is commonly assumed when working with count data, we can write the probability that individual 

i chooses locations j and k and mode m as follows: 

 

𝑝𝑖𝑗𝑘𝑚 =
exp(𝑈𝑗 +𝑊𝑘 + 𝑋𝑗𝑘𝑚

′ 𝛽𝑗 + 휀𝑗𝑘𝑚)

∑ ∑ ∑ exp(𝑈𝑗 +𝑊𝑘 + 𝑋
𝑗𝑘𝑚

′𝛽𝑗
+ 휀𝑗𝑘𝑚)𝑚𝑘𝑗

 

 

By extension, the following formula estimates the number of people who are travelling between home location j and 

work location k (Njk), where Xjk is the vector of transport costs (for multiple modes) for travel between j and k, and 

other variables are as defined above. 
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𝑁𝑗𝑘 = exp(𝑈𝑗 +𝑊𝑘 + 𝑋𝑗𝑘
′ 𝛽 + 휀𝑗𝑘) 

 

I use generalised method of moments (GMM) to estimate a Poisson regression model that follows the above form. I 

also estimate an instrumental variables Poisson model to address endogeneity between demand and travel times. 

 

The dependent variable of this model is the number of people who reported commuting between area units at the 

2013 Census. The key explanatory variables are drawn from WTSM model outputs for the 2013 base year: 

 

• Car travel time between area units j and k, during the AM peak period, in minutes; 

• Public transport travel times between area units j and k, during the AM peak period, in minutes – including 

walk time, wait time, and in-vehicle time, but excluding boarding/transfer penalties; and 

• Public transport fares for travel between area units j and k, during the AM peak period, in cents. 

 

We also control for the straight-line distance between area unit centroids, meaning that our results should be 

interpreted as the impact of faster or slower travel times for a journey of a similar length. As WTSM model zones do 

not perfectly align with Census area units, we match WTSM model zones with the area units based on the location of 

the model zone centroid. Where multiple model zones are matched with a single area unit, we average travel times 

across zones. 

 

To provide context for this analysis, the following graph shows the relationship between public transport and car 

travel times. The red line shows equality of travel times. While public transport is slower for most origin-destination 

pairs, there is a wide scatter, and PT is more competitive (or even faster than driving) in a number of cases. 

 

Figure 14: Relationship between car and public transport journey times between origin and destination zones 

(WTSM outputs for 2013) 

 
 

Table 18 summarises key results from five alternative Poisson regression models of total commuting flows as a 

function of car and public travel times between home and work locations. The key differences between these models 

are as follows: 

 

• The first three models are Poisson models that use varying controls for home and work location. The first 

model includes fixed effects for each individual home and work location, while the second codes home and 
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work locations according to whether they are in the city centre (defined as the Thorndon-Tinakori Road, 

Lambton, and Willis Street-Cambridge Terrace area units), the rest of Wellington City, or the rest of the region. 

The third model does not include any location fixed effects. 

• The fourth and fifth models are instrumental variables Poisson models that control for endogeneity between 

commute flows and travel times, deriving more reliable estimates of the degree to which faster travel times 

will cause larger location choice responses. However, due to computational constraints these models do not 

use the full set of area unit fixed effects, which appears to have an important impact on the coefficient 

estimates.  

 

Commuting flows and travel times are potentially endogenous because transport agencies may have responded to 

expected levels of demand by increasing road capacity or by providing faster or more direct public transport services. 

This potentially leads to upward bias on coefficient estimates. Following Donovan (2017), we define instruments for 

travel times between locations j and k as follows. First, we measure the straight-line distance between all area unit 

centroids. Second, for each area unit, we rank all area units based on straight-line distance, so that the area unit itself 

is 1st-ranked, the 2nd-ranked area unit is the next closest, etc. Third, to construct an instrument for travel time between 

origin j and destination k, we calculate the straight-line distance between the nth-ranked area unit closest to j and the 

nth-ranked area unit closest to k. This allows us to identify an arbitrarily large number of instruments by varying the 

choice of n. After testing instrument validity, we use two instruments based on n={2,3}. 

 

In Table 18, we highlight the coefficients of interest in bold. These reflect the degree to which faster car or public 

transport travel times lead to increased commuting flows, and hence an increase in the number of people living in 

the origin point and working at the destination point. 

 

In Poisson model 1, which includes the most detailed controls for home and work locations, both car and public 

transport travel times have a negative coefficient, which indicates that shorter travel times is associated with larger 

commuting flows. The coefficient on public transport travel times is more negative than the coefficient on car travel 

times, indicating that PT travel times are potentially a more important driver of location choice in the Wellington 

region. This makes sense given the key role of the public transport network in facilitating regional access to the large 

concentration of jobs in the city centre. 

 

However, in the remaining four models, excluding detailed location controls leads to a positive sign on car travel 

times, and a larger negative effect from public transport commuting times. We question the first result, as it is not 

clear why longer car travel times would cause more people to commute between locations.  

 

If we compare the IV Poisson models with the corresponding Poisson models with the same set of location fixed 

effects, we see that: 

 

• Controlling for endogeneity between travel times and commuting flows reduces the negative effect of longer 

travel times on location choices, as expected, but longer public transport travel times retain their negative 

impact on commuting flows. 

• The negative impact of longer public travel times on commuting flows remains statistically significant, albeit 

at a slightly lower level (p<0.05). 

 

Taken together, these results suggest that reductions in travel times, especially by public transport, cause changes to 

location choices. However, it is difficult to pin down an exact parameter estimate. The results from the first IV Poisson 

model are most credible from the perspective of causality, but the inclusion of more detailed home and work location 

controls in the first Poisson model results in a more sensible estimate of the coefficient on the car travel time variable. 

 

As a result, to model the impacts of the LGWM programme on land use we use the following parameter values, which 

reflect a downward adjustment to coefficients from the first Poisson model to bring them more in line with results 

from the IV Poisson models: 
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• PT travel times: 𝛽 = −0.02 

• Car travel times: 𝛾 = −0.01 

 

These parameter values could be refined further in future work, but they represent a reasonable estimate of the 

potential magnitude of the response. Sensitivity testing of alternative values suggests that alternative choices do not 

result in significant changes to the projected distribution of land use changes, but they can increase or decrease the 

magnitude of changes. 
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Table 18: GMM estimates of commuting flows / location choice model for Wellington, 2013 

Variable Poisson model 1 Poisson model 2 Poisson model 3 IV Poisson model 1 IV Poisson model 2 

Coeff Robust SE p-

value 

Coeff Robust SE p-value Coeff Robust SE p-value Coeff Robust SE p-value Coeff Robust SE p-value 

Car travel time (1) -0.020 0.004 *** 0.038 0.005 *** 0.066 0.004 *** 0.085 0.034 * 0.123 0.040 ** 

PT travel time (1) -0.029 0.003 *** -0.041 0.003 *** -0.061 0.003 *** -0.019 0.009 * -0.056 0.018 ** 

PT fare -0.003 0.000 *** -0.004 0.000 *** -0.004 0.000 *** -0.007 0.001 *** -0.006 0.002 ** 

Straight line distance -0.00001 0.004 
 

-0.005 0.006 
 

0.001 0.006 
 

-0.069 0.035 * -0.069 0.050 
 

Constant 5.37 0.11 *** 4.81 0.08 *** 5.26 0.07 *** 4.41 0.18 *** 5.24 0.22 *** 

Origin location fixed effects? Area units City centre, rest of Wellington 

City, rest of region 

No location fixed effects City centre, rest of Wellington 

City, rest of region 

No location fixed effects 

Destination location fixed 

effects? 

Notes: 

(1) In the IV Poisson models, car travel times and PT travel times between origin-destination pairs were instrumented with two variables for straight-line distance between the 

origin’s and destination’s 2nd and 3rd-closest neighbours. 

(2) This model was estimated on a dataset of total commute flows between Wellington area units (home and work locations). There were a total of 158 area units in the dataset. 

(3) Statistical significance levels: * p<0.05; ** p<0.01; *** p<0.001 
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5.5.1 Using these results to forecast land use changes caused by transport 

upgrades 
 

We use the parameters identified above to calculate the potential location response to improvements to travel 

times between model zones. As shorter travel times by either public transport or driving are associated with 

larger commuting flows, we can estimate land use responses to transport improvements through a three-step 

process. 

 

First, we use WTSM model outputs to calculate the change in AM peak travel times by car and public transport 

for each origin-destination pair between the do-minimum transport scenario and the option scenario (ie the 

LGWM programme), under base land use assumptions. 

 

Second, we apply the above parameters to calculate the change in commuting flows between each individual 

origin-destination pair based on modelled changes in AM peak travel times. To implement the first step, we 

note that the percentage change in commuting flows between origin zone j and destination zone k resulting 

from a change in AM peak travel times can be calculated as follows, where 𝛽 = −0.02 and 𝛾 = −0.01 are the 

coefficients that we assumed based on the above Poisson regression models of location choice:7 

 

Equation 4: Formula for calculating percentage change in commuting flows as a function of changes in 

travel time 

∆𝑁𝑗𝑘 = exp(𝛽∆𝑃𝑇𝑡𝑖𝑚𝑒𝑗𝑘 + 𝛾∆𝐶𝑎𝑟𝑡𝑖𝑚𝑒𝑗𝑘) − 1 

 

For instance, if a transport improvement results in a 5 minute reduction in travel time between j and k, and a 1 

minute increase in travel time between those zones, then the resulting change in on overall commuting flows 

can be calculated as follows. Based on the parameters from the Poisson regression model below, this indicates 

that the net effect will be a 9.4% increase in overall commuting flows. 

 

Equation 5: Worked example of changes in commuting flows 

∆𝑁𝑗𝑘 = exp(−0.02 ∗ (−5) − 0.01 ∗ (+1)) − 1 = exp(0.09) − 1 = +9.4% 

 

Third, we sum up the resulting changes in commuting flows across all origin-destination pairs to calculate the 

total modelled change in the number of people living in each origin zone and working in each destination zone. 

This allows us to identify locations that will experience net increases (or decreases) in jobs and population due 

to the modelled transport improvement. 

 

Once again, if we assume that the transport scheme will not affect the overall level of population growth in the 

region, then we must then adjust model zone population and job numbers to ensure that the aggregate totals 

add up to the same as in the base land use scenario. What this will mean is that model zones that experience 

larger increases in EJD will gain population and jobs, while model zones that experience smaller increases will 

lose population and jobs relative to the base land use scenario. 

 

5.5.2 Technical note: City centre travel times 
 

Following the discussion in Section 5.3.3 above, we assume that most or all modelled internal CBD car trips are 

in fact walking or cycling trips, which are predicted to experience negligible changes in travel times. 

                                                      
7 Other variables, including fixed effects for home and work location are differenced out of this equation. 
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Consequently, we set modelled changes in car travel times for internal CBD trips to zero prior to calculating 

results for these model zones. This does not affect car trips originating or ending elsewhere in the region. 

 

5.5.3 Technical note: Estimating commuting flows between locations 
 

The percentage changes estimated above must be applied to commuting flows between those locations to 

predict the volume of changes. As the WTSM outputs that we are using did not split out travel between origins 

and destinations by trip purpose, we have had to estimate the volume of commuting flows based on total 

modelled journeys between those locations. To do so, we: 

 

• Summed up all AM peak journeys (by car and public transport) arriving at each destination model zone 

• Calculated the average ratio of jobs in that model zone to AM peak journeys for each destination zone 

• Applied that destination zone-specific ratio to total AM peak demands from all origins. 

 

This produces a rough estimate of the number of commuters travelling between all origin-destination pairs in 

the model. This approach is likely to over-state commuting flows between some zones (eg between two business 

areas that generate employer business or freight trips), and under-state them for others. As a result, it would be 

useful to update these estimates once additional model outputs for demands by trip purpose is available. 

 

5.6 Application of SGE location choice model to LGWM 

programme 
 

We have applied the SGE location choice model described above to model the potential magnitude and location 

of land use change arising from the LGWM programme. This method produces model zone-level estimates of 

the degree to which the distribution of population and land use will change due to transport improvements that 

improve accessibility to jobs. 

 

We use this approach to model the land use impacts of the LGWM full programme with no city centre cordon 

charge, relative to the do-minimum scenario. 

 

This method could also be used to estimate land use changes from other options. However, as above, we note 

that further work may be needed to accurately account for the impact of a city centre cordon charge. We have 

calculated the impact of changes in travel times by car and public transport, but we have not calculated changes 

in financial costs. This measure will capture the benefits of congestion pricing in delivering faster travel times, 

but it will not capture the cost of the charge, which may be a significant detriment for people with constrained 

budgets. 

 

5.6.1 LGWM full programme, no cordon charge 
 

This methodology models changes in location choices between scenarios as a function of changes in travel times 

between model origin and destination zones. As the model uses changes in travel times between all origin and 

destination zones, it is not easy to map changes in travel times. 

 

We apply the formula in Equation 4 to modelled changes in AM peak car and public transport travel times to 

predict the percentage change in commuting flows relative to the base land use scenario, and then adjust these 

results to ensure that regional population and employment stays fixed between scenarios. 

 

The following maps illustrate the resulting changes in the distribution of population and employment, relative 

to the base land use scenario. Blue and green shades indicate areas where the number of residents or jobs is 

predicted to increase, while yellow and red colours indicate decreases. 
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Wellington’s southern suburbs are predicted to experience the largest numerical increases in both jobs and 

population, but changes are widely distributed throughout the region. In general, these results suggest that the 

LGWM programme will distribute growth from the city centre to other parts of the region, especially places near 

the city centre that are newly becoming more accessible. These results are similar in many respects to the results 

from the accessibility-density curve models, but a key difference is that this modelling approach predicts 

increases in employment in many city centre zones.  

 

Figure 15: SGE model predictions for changes in jobs and population relative to base land use scenario 

(2036) 

Panel A: Change in jobs 

 
Panel B: Change in population 

 
 

The following table summarises the resulting change in the distribution of land use at the territorial authority 

level, with Wellington broken down further into the broader city centre and non-city centre locations. This 

implies that: 

 

• The city centre’s population is predicted to be slightly lower than in the base case scenario, but 

employment is predicted to be slightly higher 
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• The remainder of Wellington City would experience increases in both population and employment 

• Other territorial authorities would experience reductions in population and employment. 

 

In total, this analysis implies that the LGWM full programme will result in the redistribution of around 1.8% of 

regional employment and 1.9% of regional population between model zones, relative to the base land use 

scenario. This is a smaller proportional change than estimated by the accessibility-density model. 

 

Table 19: SGE model predictions for changes in the distribution of population and employment resulting 

from the LGWM full programme with no cordon charge (2036) 

Location Population Jobs 

2013 2036 

base case 

2036 

scenario 

Change 2013 2036 

base case 

2036 

scenario 

Change 

City centre 18,669 31,714 30,659 -1,055 88,361 106,559 108,010 1,451 

Kapiti 50,651 59,588 58,744 -844 14,037 16,515 15,877 -638 

Lower Hutt 101,138 107,326 104,971 -2,355 40,465 42,956 41,758 -1,198 

Porirua 53,674 62,593 61,891 -702 15,111 17,627 16,945 -682 

Upper Hutt 41,377 47,375 47,050 -325 11,345 12,989 12,460 -529 

Wairarapa 42,375 44,241 42,421 -1,820 17,541 17,459 16,491 -968 

Wellington City (non-

CBD) 

181,652 209,869 216,971 7,102 48,901 58,980 61,544 2,564 

Total 489,536 562,706 562,706 0 235,761 273,085 273,085 0 

 

The following table summarises the model zones that are predicted to experience the largest positive and 

negative changes in population and jobs due to the LGWM full programme. Newtown South is expected to 

experience the largest increase in population, as in the first model, while the airport is expected to experience 

the largest increase in employment. Solway (in Masterton District) is expected to experience the largest decrease 

in both jobs and population. 
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Table 20: Largest modelled changes in population and jobs at the model zone level, SGE model (2036)  

Ranked by: Change in population Change in jobs 

Zone Name Change Zone Name Change 

Largest 

increases 

14 Newtown South 1,267 7 Airport 557 

1 Maupuia 1,006 13 Newtown North 364 

2 Miramar 925 3 Karaka Bays 286 

3 Karaka Bays 809 14 Newtown South 254 

79 Woodbridge 741 2 Miramar 249 

Largest 

decreases 

210 Masterton -231 93 Elsdon -148 

30 Karori East -236 92 Kenepuru -156 

129 Otaki -367 212 Kuripuni -170 

212 Kuripuni -427 97 Porirua Central -197 

211 Solway -530 211 Solway -311 
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6 Composite land use change scenario 
 

We now compare results from our alternative modelling approaches and develop a ‘composite’ scenario for 

land use change resulting from the LGWM programme. 

 

6.1 Areas of certainty and uncertainty 
 

Before doing so, we highlight that this analysis provides more certainty about some issues than others. 

 

First, this analysis provides an indicative ‘upper bound’ on the share of regional population and employment 

that may redistribute around the Wellington region in response to the LGWM programme. Different modelling 

approaches suggest that somewhere between 2-5% of the Wellington region’s projected 2036 population and 

employment may change location in response to the programme. We suggest that it would be implausible for 

a significantly larger share to shift around. 

 

Second, this analysis focuses on how projected growth will be distributed around the Wellington region, but it 

does not consider whether the programme will increase the overall regional growth rate. This is an important 

area for further work, but different modelling methods would be required to model the impact of local transport 

improvements on international and inter-regional migration. 

 

Urban economics models treat individuals’ regional location choice as a function of (a) wages, (b) house prices, 

and (c) local amenities (see eg Glaeser, 2008). In principle, the LGWM programme could influence each of these 

variables – by enabling higher economic productivity, by unlocking new housing construction, and by improving 

quality of life in inner-city Wellington. However, the scale of potential impacts on regional growth rates is 

uncertain. Based on our work to date, we suggest that it would be unlikely for the LGWM programme to increase 

the regional population by more than around 5% by 2036. This would represent a roughly 30% increase in 

projected population growth rates. 

 

Third, our analysis provides a reasonable amount of certainty about the impact of the LGWM programme on 

the future distribution of residential population growth. As we show below, both demand-side models produce 

similar results for changes to population location. They both predict that some growth will spread out from the 

city centre to inner-suburban areas served by a new rapid transit spine. This will increase demand for the new 

public transport corridor. 

 

However, our analysis suggests that there may be more uncertainty about the impact of the LGWM programme 

on the future distribution of employment growth. Potential outcomes range from an increase in city centre 

employment growth to a decrease in city centre employment growth as new jobs spread out to areas that 

become better connected. The former scenario is more likely, given past trends and the likely future composition 

of job growth. 

 

6.2 Comparison of results from alternative models 
 

In this report, we develop three alternative models of how the LGWM programme may affect the regional 

distribution of population and employment growth. We now compare results between these models to assist in 

developing a composite scenario. We also consider these results against LGWM’s earlier analysis of potential 

changes in land values around new rapid transit stations, and our supply-side analysis of transport capacity 

constraints. These comparisons provide a sense of the degree to which we are certain or uncertain about 

modelling results. 
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6.2.1 Comparison of results between A-D model and SGE model 
 

First, these models produce very different results for the share of regional population and employment that will 

be redistributed between model zones. This is summarised in the following table. 

 

Due to the way the SGE model is set up, it will generally result in a similar level of redistribution of jobs and 

population. By contrast, the accessibility-density curve approach will tend to redistribute a larger share of jobs. 

 

Table 21: Estimated share of employment and population redistributed between model zones (2036) 

Model A-D curve model SGE location choice model 

Share of jobs redistributed 

between model zones (2036) 

5.4% 1.8% 

Share of population redistributed 

between model zones (2036) 

3.0% 1.9% 

 

Second, both models make similar predictions for the locations where residential population will increase or 

decrease. The following chart shows that there is a reasonably strong positive correlation between the changes 

estimated by both models (R2 = 71%). This increases our confidence that these models provide a reasonable 

prediction of the locations where population will increase or decrease due to the LGWM programme.  

  

Figure 16: Estimated changes in population in each model zone relative to base land use scenario  

(horizontal axis = A-D curve model; vertical axis = SGE model) 

 
 

Third, we find that the models produce quite different results for changes in the distribution of employment 

around the region. As shown in the following graph, there is a very weak correlation between predicted changes 

in jobs at the model zone level. The SGE location choice model predicts modest increases in employment in the 

city centre, while the accessibility-density model predicts that jobs will shift out of the city centre towards other 

areas in Wellington City that gain in accessibility.8 

 

An underlying reason for this is that the models place different amounts of emphasis on changes to car travel 

times as a driver of changes to location choice. The EJD calculation used in the accessibility-density analysis 

                                                      
8 If we exclude the city centre zones, then there is a stronger positive correlation between results for other model zones. 
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places more weight on reductions to car journey times, since the WTSM model predicts that cars will continue 

to serve most trips. By contrast, the coefficients in the SGE location choice model suggest that choices of home 

and work locations are less sensitive to car travel times than to public transport travel times.  

 

The LGWM programme includes significant road network upgrades to the south of the city centre. The SGE 

model assumes a smaller response to these changes relative to city centre-focused public transport 

improvements, whereas the accessibility-density model estimates a larger response to road upgrades. 

 

Figure 17: Estimated changes in employment in each model zone relative to base land use scenario  

(horizontal axis = A-D curve model; vertical axis = SGE model) 

 
 

6.2.2 Comparison with supply-side / capacity analysis 
 

To reflect on these results, we also consider how they align with the supply-side analysis of the degree to which 

the LGWM programme will unlock additional public transport capacity to the city centre. As noted, a 

shortcoming of that analysis is that it does not allow us to make detailed predictions for how employment and 

population would change at the model zone level. 

 

In that analysis, we found that the Do-Minimum option may constrain transport capacity to the city centre, and 

in turn displace some employment growth from the city centre to other locations around the region. Our best 

estimate, based on the data available, was that the Do-Minimum capacity may reduce city centre employment 

by around 3,300 jobs. The LGWM programme, by contrast, would enable this job growth and provide headroom 

for further city centre employment growth in subsequent decades. 

 

The results of the capacity constraint analysis are qualitatively more consistent with our findings from the SGE 

model, which estimated that the LGWM programme would increase city centre employment by almost 1,500 

jobs. The accessibility-density curve model implied that the LGWM programme would result in a redistribution 

of employment from the city centre to other locations in the region. 

 

6.2.3 Comparison with analysis of impacts on land values 
 

To conclude, we also consider how these results align with LGWM’s earlier analysis of the potential for uplift in 

land value around new rapid transit stations. The following map shows the ten-minute walking catchments 

around proposed stations for two variant of a new rapid transit route. 
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Figure 18: Walking catchments around proposed rapid transit stations for calculating land value uplift 

 
 

The following table summarises indicative medium estimates of the potential uplift in land values around 

stations along the above route. Larger values indicate either that (a) a station is expected to receive a larger 

percentage uplift, which is not the case in this scenario, or (b) starting land values are higher, reflecting higher 

starting demands for more intensive development. 

 

These estimates imply that a large share of the overall land value uplift will arise in the Courtenay Place - Te Aro 

area. Around 33% of total impacts will be experienced in the walking catchment for the Courtenay Place station, 

which is comparable to the 34% of benefits that occurs between the Adelaide Road and Zoo stations. 

 

An important note regarding these estimates is that impacts that arise around the Lambton Quay – Railway 

Station area have been excluded from the overall total, due to the expectation that these areas are fairly ‘built 

out’, with little potential for further development. 

 

These results are consistent with some, but not all, of the findings from our modelling of land use change. As 

noted, both of our statistical models predict that population and employment will increase in the Newtown area 

and the southern parts of Wellington City in general due to the LGWM programme. This is consistent with the 

expectation that land values will rise in these areas. 

 

Results for the city centre present a more mixed bag. Both models predict decreases in employment in some 

city centre zones, usually more towards the Lambton Quay and Town Hall areas, and predict increases in 

employment in parts of Te Aro. In principle, this is consistent with the expectation that a new rapid transit spine 

 

Possible Impacts of LGWM Interventions on City Development and Land Values Page 13 

 

Figure 7: Mass Transit Stations and Catchments 
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will allow the city centre to spread out from parts that are already comparatively ‘built out’ to parts of Te Aro 

and Newtown that have more capacity for redevelopment and intensification. 

 

However, the scale of the job decreases that the accessibility-density curve model predicts for the Town Hall 

area is difficult to square with the overall expectation that new rapid transit options will enable a significant 

uplift in development along the route leading to this area. 

 

Table 22: Estimated uplift in land values around stations (medium uplift scenario) 

Station BRT (5% uplift assumed) LRT (12% uplift assumed) Approximate share of 

impacts 

Ferry Terminal $0m $1m 0% 

Thorndon Quay $16m $39m 8% 

Railway Station $52m $125m N/A – excluded 

Post Office Square $57m $137m N/A – excluded 

Courtenay Place $66m $158m 33% 

Taranaki St $47m $113m 24% 

Adelaide Road $23m $55m 12% 

Hospital $16m $37m 8% 

Newtown Centre $20m $48m 10% 

Zoo $9m $21m 4% 

Total (excluding Railway 

Station and Post Office 

Square 

$196m $471m  

 

6.3 Description of composite land use change scenario 
 

Based on the above results and discussion with LGWM project team members, we have developed a ‘composite’ 

scenario that reflects the most likely outcome for land use changes resulting from the LGWM programme. This 

scenario is defined as follows. We note that outcomes for some model zones may be adjusted further based on 

known planning or geographical constraints, and suggest that any reductions be redistributed into nearby zones 

that are also projected to experience faster growth but which have fewer constraints. 

 

First, changes in the distribution of population growth are estimated by averaging results from the accessibility-

density model and the spatial general equilibrium model. These models provide qualitatively similar predictions 

of how population growth will shift due to the programme. 

 

Second, changes in the distribution of employment growth are estimated as follows: 

• As two of the three models suggest that the LGWM programme will increase city centre employment 

relative to what would be achievable under do-minimum transport arrangements, we assume that the 

most likely outcome will be an increase in city centre employment growth.9 

• We take an ‘intermediate’ point for the impact on city centre employment growth, between the capacity 

constraints model (which suggests that LGWM may unlock an additional 3,300 city centre jobs) and the 

                                                      
9 Strictly speaking, the capacity constraints model indicated that city centre employment growth would be suppressed under the do-minimum scenario and unlocked by the LGWM 

programme. We suggest modelling this as an uplift relative to the base case land use to avoid inconsistencies with other evaluations that have previously used the base case land use 

scenario. Following our discussion in Section 2, we suggest that benefits of enabling additional growth or unlocking suppressed growth are likely to be symmetric. 
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SGE model (which suggests that LGWM may increase city centre employment growth by 1,450 jobs). 

This implies that the city centre employment will add around an additional 2,500 jobs. 

• We use the results from the demand-side models to allocate the additional city centre job growth 

between the 24 city centre model zones. This results in proportionately more growth in the Te Aro area, 

which is expected to become better connected to the railway station and top end of the city centre. 

• Conversely, we use results from the demand-side models to identify the locations where jobs are going 

to be redistributed from. 

 

The following table summarises the composite scenario at the territorial authority level, with Wellington broken 

down further into the broader city centre and non-city centre locations. This scenario implies that: 

 

• The city centre’s population is predicted to be slightly lower than in the base case scenario, while 

employment is predicted to be slightly higher 

• The remainder of Wellington City would experience increases in both population and employment 

• Other territorial authorities would experience reductions in population and employment. 

 

We note that this is a forecast scenario, rather than an aspiration. That is, the aim of the LGWM programme is 

not to redistribute growth to the central areas of Wellington, but this is a potential outcome from the 

programme. A further point, following our comments above, is that if the LGWM programme makes the entire 

Wellington region more attractive as a location to live or work, then it may ‘lift all boats’. In that case, this is likely 

to be a pessimistic scenario for land use change. 

 

Table 23: Composite scenario for land use change resulting from the LGWM full programme with no 

cordon charge (2036) 

Location Population Jobs 

2013 2036 

base case 

2036 

scenario 

Change 2013 2036 

base case 

2036 

scenario 

Change 

City centre 18,669 31,714 29,940 -1,774 88,361 106,559 109,059 2,500 

Kapiti 50,651 59,588 57,666 -1,922 14,037 16,515 15,863 -652 

Lower Hutt 101,138 107,326 103,519 -3,807 40,465 42,956 41,752 -1,204 

Porirua 53,674 62,593 61,777 -816 15,111 17,627 16,944 -683 

Upper Hutt 41,377 47,375 46,476 -899 11,345 12,989 12,460 -529 

Wairarapa 42,375 44,241 42,785 -1,456 17,541 17,459 16,487 -972 

Wellington City (non-

CBD) 

181,652 209,869 220,542 10,673 48,901 58,980 60,520 1,540 

Total 489,536 562,706 562,706 0 235,761 273,085 273,085 0 

 

The following maps show the spatial distribution of changes. Overall, these changes are likely to: 

 

• Increase demand for the new rapid transit spine by increasing the residential population along the 

corridor and increasing city centre employment 

• Increase economic productivity by moderately increasing the share of regional employment located in 

the city centre and in the Newtown area 

• Potentially generate other land use change benefits through revitalisation in the Newtown area. 
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Figure 19: Composite scenario: changes in jobs and population relative to base land use scenario (2036) 

Panel A: Change in jobs 

 
Panel B: Change in population 

 
 

 

The following table summarises the model zones that would experience the largest positive and negative 

changes in population and jobs under the composite land use change scenario. Newtown South, Miramar, and 

Kilbirnie are expected to experience the largest increases in population, while the airport zone and the Te Aro 

area are expected to experience the largest increases in employment. Solway (in Masterton District) is expected 

to experience the largest decrease in both jobs and population. 
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Table 24: Largest model zone changes in population and jobs under the composite scenario (2036)  

Ranked by: Change in population Change in jobs 

Zone Name Change Zone Name Change 

Largest 

increases 

14 Newtown South 1,995 7 Airport 384 

2 Miramar 1,234 57 Boulcott 369 

9 Kilbirnie 1,042 51 Abel Smith 288 

79 Woodbridge 880 52 Bond 284 

1 Maupuia 793 46 Tory South 280 

Largest 

decreases 

120 Mazengarb -241 92 Kenepuru -156 

25 Aro Valley -308 212 Kuripuni -170 

129 Otaki -407 97 Porirua Central -197 

212 Kuripuni -407 59 Hunter -247 

211 Solway -517 211 Solway -311 
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7 Required users to deliver positive net benefits 
 

In this section, we undertake an indicative analysis to understand the conditions under which the LGWM 

programme will deliver positive net benefits. 

 

Transport cost benefit analysis typically asks: Do the benefits of this project, both for users (eg public transport 

riders who experience faster or more comfortable journeys) and non-users who are also affected (eg road users 

who experience lower levels of congestion due to mode shift to public transport), exceed its whole-of-life costs? 

 

If evaluators take broader benefits associated with economic productivity, and health, social, and environmental 

externalities into account, transport CBA can provide a holistic view on the outcomes from transport investment. 

However, conventionally applied, it tends to only provide a ‘snapshot’ of a project’s feasibility at a point in time. 

This can be valuable in assessing whether to proceed with the project in its current form, or whether it is 

necessary to further work to refine the scale, timing, or design of the project. However, the downside of this 

approach is that the results can easily be interpreted in binary terms as a ‘yes or no’ assessment of the project. 

 

In light of this, in this section we adapt the traditional transport CBA approach to ask a different question about 

this project. Rather than asking whether the benefits of the project exceed the costs based on current levels of 

public transport demand, we ask: 

 

Under what conditions are the benefits of this project likely to exceed the costs? For instance, what starting 

levels of public transport demands would be required for the project to have positive net benefits? 

 

This is a simple ‘inversion’ of the conventional approach to cost-benefit analysis. It provides information that 

may help to inform discussions about when and how to invest, rather than if to invest. 

 

To implement this approach, we need three figures: 

 

• Project costs (ideally whole-of-life costs) 

• Estimated project benefits projected over the evaluation period and discounted back to present value 

• Estimated demands in the starting year of evaluation, or another base year. 

 

We note that there is some uncertainty about all three figures. At the programme level, both cost estimates and 

benefit estimates fall within a range, reflecting sensitivity tests on key assumptions. In addition, because LGWM 

is a programme that will have a significant effect on travel by several modes and over a broader area, it is difficult 

to precisely define the base demand for the programme. 

 

7.1 Programme costs 
 

As a basis for initial analysis, we use cost estimates for the full programme (FP), which are around $3.9 billion. 

The following table provides a rough breakdown of project costs for selected components. Based on some very 

rough assumptions around the purpose of each project, ie the degree to which it will benefit public transport 

users or car / freight users. 

 

This suggests that around 45% of project costs are related to public transport improvements that will principally 

benefit PT users, and 55% is devoted to project components that will principally benefit car and freight users, as 

well as provide broader benefits for urban amenity. (This is noted as a key driver for the Te Aro state highway 

improvements.) We use these rough breakdowns in subsequent analysis, noting that these cost estimates are 

extremely indicative. 
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Table 25: Indicative costs for selected project components 

Component Cost ($m) Assumed cost allocation to PT 

LRT to airport $1,000 100% 

Te Aro SH improvements $1,100 25% 

Basin improvements $120 0% 

Terrace Tunnel $250 0% 

Mt Vic Tunnel Duplication and 

Ruahine St 

$600 0% 

Golden Mile / bus network $200 100% 

Total $3,270 
 

Costs allocated to public 

transport users 

$1,475 45% 

Costs allocated to car / freight 

users and urban amenity 

upgrades 

$1,795 55% 

Notes: The Te Aro SH improvements will facilitate PT movement at Vivian St and Karo Dr. A major purpose of the 

Te Aro improvements is to facilitate urban amenity and regeneration. The Basin improvements are not assumed 

to result in significant benefits for PT operations as the new rapid transit spine would take a different route at this 

point. 

 

7.2 Modelled programme benefits 
 

As a basis for initial analysis, we use current information on modelled transport user benefits for the full 

programme, which are summarised in the following table. These benefit estimates are not comprehensive, and 

hence will under-state the full benefits of the LGWM programme.  First, these estimates only reflect transport 

user benefits for vehicular modes. They exclude wider economic benefits, health benefits from added walking 

to PT stops, environmental benefits of mode shift, and benefits from the walking and cycling components of the 

programme. Second, there are known limitations to the modelling that has been used to derive these benefit 

estimates that means that they may not fully account for some categories of transport user benefits, such as 

reduced crowding for public transport users. 

 

Road user benefits are provided as a range. The lower end of the range reflects outputs from WTSM, while the 

upper end reflects the expectation, based on previous analysis, that Aimsum microsimulation modelling will 

roughly double these benefits since it provides a more detailed view on delays in and around the city centre. 

 

Nonetheless, these estimates are appropriate for the high-level analysis we are conducting here. We note that 

this analysis could be updated in the future when additional information is available on project costs and benefits. 

For this analysis, we also sensitivity test rough assumptions for the relative magnitude of other categories of 

benefits. 

 

Roughly 72% of modelled transport user benefits accrue to public transport users, while the remaining 28% of 

modelled transport user benefits accrue to other road users. We assume, for the purposes of this analysis, that 

road user benefits relate primarily to the projects that have been identified to primarily benefit road users, and 

similarly for PT user benefits. 
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Table 26: Indicative modelled transport user benefits for the full programme 

Scenario Estimated project benefits 

Road user benefits  $400m – $800m 

PT user benefits  $1,020m 

Total user benefits  $1,420m - $1,820m 

 

7.3 Baseline public transport demands 
 

To undertake this analysis, we use 2036 WTSM model outputs to provide a rough estimate of the number of 

public transport users that may benefit from the LGWM programme. The aim of this is not to identify exactly 

who will be affected, but to obtain a rough estimate that can be used to guide analysis. 

 

To identify baseline levels of public transport demands, we note that the majority of PT user benefits relate to 

trips to the city centre. This is shown in the following chart, which suggests that almost 80% of modelled PT user 

benefits during the AM peak period relate to trips to the CBD. 

 

Figure 20: Composition of modelled PT user benefits 

 
 

As a result, the following table summarises the total number of modelled AM peak PT trips by destination, for 

the 2036 full programme scenario, without congestion pricing. In 2036, with implementation of the LGWM 

programme, there are expected to be a total of around 28,000 PT trips into the Wellington city centre during 

the AM peak period, representing around 61% of total AM peak PT journeys. Overall AM peak PT demand is 

expected to increase by 6% due to the programme. 
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Although we use 2036 modelled demands as a basis for analysis, we note that the LGWM programme is expected 

to go live in the mid-2020s. This should not affect our analysis, as we are looking at required relative levels of 

uplift in demand. 

 

Table 27: WTSM modelled 2036 AM peak PT demands 

Scenario Do-Minimum scenario LGWM full programme 

Total PT journeys 43,442 46,115 

PT journeys that end in the city centre 26,605 27,916 

City centre-bound journeys as share of total journeys 61% 61% 

 

We do not attempt to identify baseline levels of car demand for two reasons: 

• First, although benefits are likely to principally accrue to people driving on the state highway corridor 

through the city at congested times, there are also likely to be benefits (or disbenefits) elsewhere on the 

network. 

• Second, the road improvements identified as part of the LGWM programme are also intended to achieve 

broader benefits for urban amenity and regeneration, and so focusing only on car users may provide a 

misleading picture of beneficiaries. 

 

7.4 Conditions under which the LGWM programme would 

generate positive net benefits 
 

The following table summarises the basic elements of this analysis. It compares estimated costs and user benefits 

from the PT upgrade and road upgrade components of the LGWM programme. As noted above, the benefit 

estimates here are not comprehensive, and hence these figures under-state the overall BCR for the programme. 

 

However, with that caveat, the full benefits and/or starting users for the PT upgrade components of the 

programme would have to be approximately 45% higher for a BCR above one, while the full benefits and/or 

starting users for the road upgrade components of the programme would have to be over twice as high. 

 

Table 28: Estimated costs and user benefits from the LGWM programme 

Programme components PT upgrades Road upgrades 

Estimated costs ($m) $1,475 $1,795 

Estimated user benefits ($m) $1,020 $800 

Indicative / partial BCR 0.69 0.45 

Required uplift in benefits and/or users required for BCR>1 
  

Percent 45% 124% 

Value $455 $995 

 

We now use these figures to investigate the conditions under which the LGWM programme would generate 

positive net benefits, ie benefits that exceed costs. 

 

There are three things to consider in this assessment, each of which may increase programme benefits: 
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• First, is there the potential for the programme to deliver additional categories of benefits beyond 

transport user benefits? If so, then the gap shown in the table above is likely to narrow. 

• Second, will per-user benefits increase at a future date, for instance, due to rising congestion that 

increases the modelled benefits from adding road capacity? 

• Third, will the number of users increase at a future date, which will in turn increase the total magnitude 

of benefits from the programme? 

 

If the answer to the second and third questions is ‘yes’, then it implies that the programme is likely to become 

viable at a future date, even if it is not predicted to deliver positive net benefits under the current timing. This is 

illustrated in the following diagram. This shows how measuring ‘non-user’ benefits such as agglomeration 

benefits and benefits from improved urban amenity can raise the BCR (the yellow-shaded bar), and how testing 

alternative timing for projects can lift the BCR further to close any remaining gap between costs and benefits 

(the grey-shaded bar). 

 

Figure 21: Closing the gap between costs and measured benefits 

 
 

7.4.1 Path to economic viability for public transport components 
 

Table 28 indicates that the total benefits of the PT components of the LGWM programme would have to be 

around 50% higher than the currently-measured PT user benefits to deliver a BCR above one. 

 

As discussed in Section 2.2, major transport projects can generate a variety of ‘non-user’ benefits, including 

wider economic benefits from increased productivity under a ‘static’ land use scenario and health and 

environmental benefits from mode shift, which are included in the NZ Transport Agency’s Economic Evaluation 

Manual, and wider economic benefits and land use change benefits arising from a ‘dynamic’ land use scenario, 

which are the subject of this report. 

 

We have been involved in several recent evaluations of major public transport projects in Auckland, such as the 

City Rail Link and the Northwestern Rapid Transit Corridor, where non-user benefits have been significant in 

scale relative to direct PT user benefits. Depending upon the context, the broader benefits that arise under a 

static land use scenario can be equal to 30-60% of direct transport user benefits. 

 

If non-user benefits are similar in scale in the Wellington context, then they may be large enough to close the 

gap between costs and PT user benefits for this component of the programme. 

Costs Measured benefits Total benefits Total benefits, changed
timing

Total costs User benefits Growth in user benefits Non-user benefits
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‘Dynamic’ wider economic benefits from land use change are likely to add to this. As outlined in this report, 

there may be an additional economic benefit on the order of $5,000-$10,000 per annum for each additional city 

centre job that is ‘unlocked’ by the LGWM programme. Our ‘composite’ scenario for land use change suggests 

that the LGWM programme may unlock around 2,500 additional city centre jobs in 2036. This implies annual 

benefits on the order of $12.5 to $25 million, which might add up to somewhere on the order of $150 to $300 

million in present value terms, depending upon various assumptions. 

 

In other words, the PT components of the project may be close to economic viability, depending upon the 

magnitude of broader economic, environmental, and health benefits. 

 

Taking the potential for wider benefits into account, we now consider how much higher initial public transport 

demand might have to be to deliver a BCR above one. PT user benefits will tend to scale linearly with starting 

patronage levels. For instance, if you reduce journey times by five minutes on a bus route that 1000 people use 

every day, then the benefits of doing so will be around twice as large as a similar journey time improvement on 

a bus route with only 500 daily users. 

 

Consequently, the economic viability of the PT components will increase if starting PT demand is higher. This 

could occur via faster-than-expected growth in public transport patronage, or a later project timing. 

 

The following table summarises the results of our indicative analysis. The first column presents scenarios for the 

size of non-user benefits (wider economic benefits and health and environmental benefits of mode shift) as a 

share of base PT user benefits. The second column provides an estimated total BCR reflecting both user and 

non-user benefits. 

 

The remaining three columns present the public transport demand conditions under which the PT components 

of the programme would deliver positive net benefits, after accounting for non-user benefits. These show the 

starting (or base year) demands that would be required. Under the pessimistic (and unrealistic) case in which 

the LGWM programme led to no wider economic benefits or health and environmental benefits, then starting 

PT demands would have to be around 51% higher than they are expected to be. This would correspond to a 

roughly 85% public transport mode share for AM peak vehicular trips to the city centre in the model base year 

of 2036. 

 

Conversely, if wider benefits were equal to 30% of PT user benefits, which is well within the range observed on 

previous projects, then starting PT demands would only have to be around 17% higher for the PT components 

to deliver positive net benefits. This would correspond to a 2036 PT mode share of 65% for AM peak vehicular 

trips to the city centre. In this scenario, it would be possible to achieve economic viability by: 

 

• Staging the programme, with early projects that boosted demand for PT travel faster than the base case 

scenario implies; and/or 

• Adjusting programme timing slightly to take advantage of demand growth over time. 

 

If wider benefits were at the upper end of the range presented in this table, then the PT components are likely 

to be economically viable under the currently proposed timing. We see this as a distinct possibility, especially if 

wider economic benefits are measured.  

 



 

 

 

71 

 
LGWM land use change analysis FINAL 

Table 29: Conditions under which PT components will deliver a BCR above one 

Non-user benefits as 

share of PT user 

benefits 

Estimated total BCR 

including non-user 

benefits 

Change in starting 

PT demand required 

for BCR>1 

Implied 2036 

inbound AM peak PT 

users 

Implied 2036 PT 

share of vehicular 

trips to city centre 

0% 0.69 45% 38,473 81% 

15% 0.80 26% 33,455 70% 

30% 0.90 11% 29,594 62% 

45% 1.00 0% 26,605 56% 

60% 1.11 0% 26,605 56% 

 

7.4.2 Path to economic viability for road components 
 

Table 28 indicates that the total benefits of the road components of the LGWM programme would have to be 

slightly larger than the currently-measured road user benefits to deliver a BCR above one. 

 

As discussed in Section 2.2, major urban road projects can generate a variety of ‘non-user’ benefits, principally 

including wider economic benefits from increased productivity under a ‘static’ land use scenario, and wider 

economic benefits and land use change benefits arising from a ‘dynamic’ land use scenario. They do not 

generally result in significant health and environmental benefits from mode shift, as induced traffic or mode 

shift to driving tend to increase vehicle emissions and may compete with active mode travel. 

 

Previous evaluations of major road projects suggest that wider economic benefits may be equal to 20% to 40% 

of direct road user benefits. (For instance, the original business case for the East West Link in Auckland cited a 

ratio of 20%.) This would reduce, but not eliminate, the gap between costs and measured benefits. 

 

In the case of the Te Aro state highway improvements, a potentially important category of land use benefits 

may arise due to the impact of this project on urban amenity and regeneration in the southern parts of Te Aro. 

Undergrounding the state highway through this area may reduce severance, reduce vehicle noise and emissions, 

and create new public open spaces.  

 

Benefits related to reduced vehicle noise and emissions can, in principle, be valued based on methods outlined 

in the NZ Transport Agency’s EEM. Our experience has been that noise modelling procedures are challenging to 

implement without specialist input, which can result in a wide range of impacts. Benefits from reduced severance 

and benefits from new public open spaces would need to be addressed using non-EEM methods. 

 

To provide a rough ‘order of magnitude’ indication of the scale of these benefits, we draw upon parameter 

values from Transport for New South Wales’ (2016) Principles and Guidelines for Economic Appraisal, which 

addresses noise, air and water pollution, and urban separation. These parameters are summarised in the 

following table, along with a very rough estimate of the potential annual external benefits of diverting most car 

traffic on this route.10 

 

This implies that reduced air and water pollution, noise, and urban separation may generate somewhere on the 

order of half a million dollars of benefit per annum. In present value terms, based on a discount rate of 6% and 

an evaluation period of 40 years, this may add up to somewhere on the order of $5-10 million in benefits, 

depending upon the future growth rate of traffic through the study area. 

 

                                                      
10 Based on WTSM modelling, we estimate that undergrounding this route may divert around 9 million vehicle kilometres per annum from the current surface route. 
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It is possible that this is a conservative estimate. The TfNSW parameter values appear to be intended for 

‘marginal’ analysis of changes in traffic volumes, and as a result they may be less well suited for evaluating a 

larger transformation to the area.  

 

Table 30: Externality benefits/disbenefits of passenger car travel in urban environments 

Externality type Benefit per avoided / diverted 

driving (cents/car km) 

Approximate total annual benefit 

from undergrounding Te Aro SH 

corridor (2036) 

Air pollution 3.16 $287,000 

Noise 1.03 $94,000 

Water pollution 0.48 $44,000 

Nature and landscape 0.06 $5,000 

Urban separation 0.73 $66,000 

Total 5.46 $496,000 

Source: TfNSW (2016). Table 58 in Appendix 3. Values have not been adjusted for exchange rates as NZD/AUD are 

close to parity at this point. 

 

Regardless, the above parameters do not account for the potential urban amenity benefits of new public open 

spaces developed in the area. Previous work undertaken by LGWM suggests that the development of a new 

ribbon park and street trees may generate amenity benefits of around $21 million for surrounding land uses. 

 

Taking the potential for the above wider benefits into account, we now consider how much higher initial road 

user benefits might have to be to deliver a BCR above one for the road components of the programme. We note 

that modelled decongestion benefits will tend to increase faster than traffic levels, as congestion is a nonlinear 

phenomenon. 

 

Consequently, the economic viability of the road components will increase if starting levels of congestion and 

traffic are higher. This could occur via faster-than-expected growth in traffic delay, or a later project timing. 

 

The following table summarises the results of our indicative analysis. The first column presents scenarios for the 

size of non-user benefits (wider economic benefits and urban amenity benefits) relative to base road user 

benefits. The second column provides an estimated total BCR reflecting both user and non-user benefits. We 

consider a range of potential outcomes for the magnitude of WEBs and the magnitude of easily-measured urban 

amenity benefits.11 

 

This analysis highlights two things. First, WEBs and the urban amenity benefits discussed above are unlikely to 

fully close the gap between costs and benefits for the road components of the LGWM programme. We caveat 

that this is an indicative / high-level analysis that may not fully count the benefits of transforming the Te Aro 

area for development uplift. 

 

Second, and notwithstanding that point, the programme may be economically viable if road user benefits rose 

by at least 50%. This could happen if: 

 

• The project timing / staging was revised to align with expected future growth in traffic in the study area; 

• Traffic delay in the study area rose faster than currently expected, eg due to other investments that 

reprioritised road space or signal phasing for surface routes; and/or 

                                                      
11 For the latter, we use the figures reported above, which add up to around $30 million in present value terms, as a base figure, and double this for a high scenario. 
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• The distribution of traffic through the study area changed, resulting in a greater share of vehicles 

travelling between the Terrace Tunnel and Mt Vic tunnel rather than diverting into the city centre. 

 

With regards to the final point, we note that modelling and traffic monitoring suggests that a large share of 

vehicles currently exit the state highway corridor to travel to destinations in the city centre or Te Aro. 

Implementation of a cordon charge around the city centre may change these behaviours by creating an incentive 

to use public transport or active modes for city centre-bound trips and reserve the state highway more for 

through-traffic. If overall traffic volumes on the state highway network stayed constant but a smaller share 

travelled into the city centre, then it would tend to raise the benefits of undergrounding the Te Aro segment. 

 

Table 31: Conditions under which road components would deliver a BCR above one 

WEBs as share of road user 

benefits 

Urban amenity benefits 

($m PV) 

Total BCR including non-

user benefits 

Change in road user 

benefits required for 

BCR>1 

0% $30  0.46 121% 

20% $30  0.55 84% 

40% $30  0.64 58% 

0% $60  0.48 117% 

20% $60  0.57 81% 

40% $60  0.66 55% 

 

7.4.3 Concluding notes 
 

This analysis suggests that there is a path towards economic viability for all or most elements of the LGWM 

programme. Although programme costs appear to be higher than the modelled transport user benefits arising 

from the programme, the inclusion of wider ‘external’ benefits will increase the benefit-cost ratio for the 

programme. This assessment should start with the wider economic benefits and health and environmental 

benefits from mode shift that are outlined in the EEM, and then broaden out to encompass ‘dynamic’ benefits 

related to land use change, which are outlined in this report, in addition to potential benefits from urban amenity 

and regeneration in the study area. 

 

There may be a remaining ‘gap’ between project costs and benefits for some programme components. If that is 

the case, then we highlight that this gap could in turn be narrowed by experimenting with alternative timing for 

programme elements, which can lead to higher benefits because starting user levels and road congestion may 

be higher. 
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