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Abstract 
 
 
Densification of outdated neighborhoods in a city is often hindered by frictions arising from 
durable buildings and land-use externalities; recent studies have shown wealth-creating effects of 
natural disasters that remove such frictions through forced reconstruction. We examine such 
wealth-creating effects to reveal the cost of densification frictions in relation to location 
heterogeneity within a city, specifically, in Christchurch, New Zealand. We find that an extensive 
impairment of buildings caused by the 2010-2011 earthquakes raised land value in outdated 
neighborhoods within 5km of the CBD but not beyond—densification frictions are most costly in 
most advantageous locations. 
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The growing economic dominance in recent decades of major cities, propelled by their success as 

innovation hubs (Desmet and Rossi-Hansberg, 2014) and consumer centers (Glaeser et al., 2001; 

Glaeser and Gottlieb, 2006; Rappaport, 2008), has again made space scarcity a major constraint 

on economic growth (The Economist, 2015; Ganong and Shoag, 2017; Glaeser and Gyourko, 

2018). Outdated land-use regulations and local politics such as NIMBYism are often blamed for 

the space scarcity due to inadequate land supply for housing and barriers to densifying existing 

neighborhoods (Hilber and Robert-Nicoud, 2013; Jackson, 2016; Metcalf, 2018). Durable 

buildings (Brueckner and Rosenthal, 2009) and land-use externalities from outdated buildings 

(Hornbeck and Keniston, 2017; Owens et al., 2019) can also create frictions that hinder the 

densification of existing neighborhoods. The prevalence of outdated buildings in a neighborhood 

discourages individual property owners from upgrading by constraining building options and 

marketability. The opportunity cost of densification frictions is found highly significant in recent 

studies of urban disasters that removed outdated buildings in a large neighborhood and allowed 

reconstruction to internalize land use externalities. Examining the change in land values in and 

around an old downtown Boston neighborhood burnt by a devastating fire in 1872, Hornbeck and 

Keniston (2017) find the land-value gain exceeded the prior value of all the burnt buildings—a 

clear case of wealth creation by destruction. In the case of the 1906 fire in downtown San Francisco, 

Siodia (2015) finds the redevelopment density in the burnt area to exceed that in the unburnt 

surrounding areas by 60 percent.  

The opportunity cost to urban growth presented by outdated neighborhoods, where densification 

could be hindered by frictions arising from building durability and land-use externalities, warrants 

greater attention today. Outdated neighborhoods often abound in the central area of large cities, 

where central living and work are increasingly attractive to educated young people (Edlund et al., 

2016; Couture and Handbury, 2017). Just as housing-supply constraints matter most to national 

productivity growth when they exist in the nation’s highly productive large cities (Bunten, 2017; 

Hsieh and Moretti, 2019), so the barriers to densifying outdated neighborhoods when they exist in 

a city’s most accessible central locations would matter most to urban growth. The objective of the 

current paper is to assess the opportunity cost of outdated neighborhoods in a larger urban context 

where location matters.    
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In this article, we present evidence based on land-value changes across neighborhoods in 

Christchurch, New Zealand, before and after the major earthquakes of 2010 and 2011 that wrecked 

the city and resulted in a new seismic hazard map for building codes regulating seismic provision 

requirements. Both physical damage and increased seismic provision requirements impair building 

values. An extensive building impairment in a neighborhood would mitigate densification frictions 

by boosting the prospects of coordinated reconstruction and internalization of land-use 

externalities. We examine the land-value change in response to building impairment in individual 

neighborhoods in relation to two factors. The first is neighborhood location (relative to the historic 

city center), which affects market demand for densification. The second is neighborhood 

outdatedness (in terms of average building age and lot size), which reflects potential land-use 

inefficiencies resulting from densification frictions. Recent studies of wealth creation from 

destruction focus mainly on a single neighborhood (e.g. Hornbeck and Keniston, 2017; Siodia, 

2015). We find that an extensive building impairment raised land value largely in central 

neighborhoods (i.e. within 5km of the CBD) with outdated buildings. In other words, outdated 

neighborhoods, suffering from densification frictions, present a high opportunity cost to urban 

growth only insofar as they have unrivaled location advantages. 

Like many cities in New Zealand, Christchurch adopted policies aimed at creating a compact urban 

form to contain the environmental impact of growth and to increase amenity value. Nevertheless, 

urban growth was accommodated largely through developing land in outer suburbs, reflecting 

significant barriers to inner-city densification (New Zealand Productivity Commission, 2017). The 

2010 and 2011 earthquakes damaged nearly all of the approximately 140,000 homes in the city, 

irreparably for some 10 percent of them. Following an initial loss of about 6 percent in the two 

years after the earthquakes, the Christchurch population grew again in 2013 and surpassed the pre-

earthquake level by June 2017.1 With support from the national government, the city quickly 

embarked on an ambitious land use recovery and urban regeneration program, committing to 

revitalizing its historic city center and up-zoning existing neighborhoods for more intensive land 

uses.2 The resilient demand for urban growth in Christchurch, especially in the central area, and 

                                                
1 See https://www.ccc.govt.nz/culture-and-community/christchurch/statistics-and-facts/facts-stats-and-
figures/population-and-demographics/population/current-pop/. 
2 The Christchurch Central Recovery Plan, published by the Canterbury Earthquake Recovery Authority in July 2012, 
states: “The Canterbury earthquakes have provided an unprecedented opportunity to rethink, revitalize and renew 
central Christchurch. The area can be built back better than it was before, increasing its value to the wider city, the 
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the variations across neighborhoods with respect to the prevalence of outdated buildings and 

neighborhood exposure to seismic hazards provide a helpful backdrop for our study.   

We follow Hornbeck and Keniston (2017) in using land-value changes to evaluate the wealth-

creating effect of building impairment. This approach relies on the rational expectation of investors 

who value real estate according to all relevant information, including the prospects for 

neighborhood redevelopment to internalize land-use externalities. Compared with the alternative 

of examining redevelopment outcomes (e.g. Siodia, 2015), which can take many years to complete 

and can thus be subject to the influences of confounding events, the land-value changes capture 

the gains from urban regeneration that can be anticipated when reconstruction barriers are removed. 

The land-value changes, therefore, show the opportunity cost of outdated neighborhoods due to 

densification frictions.3  

Recent studies have examined the role of heterogeneous location quality in shaping urban growth 

via new construction. In a stochastic city model, Guthrie (2010) shows that a faster decrease in the 

quality of marginal land results in longer delays in land conversion and thus higher housing prices 

in the city. Across US metropolitan areas, Williams et al. (2018) find that cities where land 

available for urban growth at the urban boundary is more restricted and thus new construction is 

pushed to worse locations are less affordable. Neither study considers densification frictions in 

existing neighborhoods as a barrier to urban growth. The present study also relates to several other 

streams of the literature on residential land use externalities. Positive land-use externalities play 

an important role in shaping urban form: they create desirable density in residential neighborhoods 

(Ahlfeldt et al., 2015; Couture, 2016), they amplify the benefit of neighborhood revitalization 

(Rossi-Hansberg et al., 2010), and they drive gentrification (Guerrieri et al., 2013; Glaeser et al., 

2012). Negative land-use externalities can cause a downward spiral in neighborhood land value, 

as documented in recent studies about the neighborhood impact of mortgage foreclosure in the 

aftermath of the US housing bubble that triggered the 2008 Global Financial Crisis (Campbell et 

al., 2011; Hartley, 2010; Mian et al., 2015). The deterioration of buildings in a neighborhood can 

                                                
Canterbury region, and New Zealand as a whole.” (http://ceraarchive.dpmc.govt.nz/documents/christchurch-central-
recovery-plan, p.3) 
3 The densification and revitalization of the old urban core in Kobe, Japan, over the 20 years following the Great 
Hanshin earthquake in 1995 (Xu and Wang, 2019) is consistent with our story that central neighborhoods would 
benefit more from the removal of densification frictions; but the outcome may reflect both the densification frictions 
at the time of the earthquake and the changes in the economy in subsequent years.  
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hasten neighborhood change, either into a decline or an upgrade, depending on the prevailing 

demand for housing in the area (Glaeser and Gyourko, 2005; Lee and Lin, 2018; Rosenthal and 

Ross, 2014). Apart from natural disasters, policy interventions, such as neighborhood planning for 

good density (Metcalf, 2018) and a credible commitment mechanism for neighborhood 

regeneration (Owens et al., 2019), can also spur collective actions in desirable neighborhoods to 

overcome barriers to densification due to negative land-use externalities.  

The remainder of the paper is divided into four sections. Section I provides the background of 

Christchurch urban development and earthquakes, as the backdrop for our empirical study. Our 

empirical strategy and data construction are discussed in section II. Section III presents the analysis 

of land-value change across Christchurch neighborhoods in relation to the building impairment 

caused by the earthquakes. Section IV concludes. An appendix documents the residential market 

development in Christchurch around the time of the earthquakes and the home sale data we have 

used to estimate neighborhood land values.  

I.  Background of Christchurch Urban Development and Earthquakes 

A. Christchurch Urban Growth Pattern 

As the largest city in the South Island of New Zealand and the seat of the Canterbury Region, 

Christchurch had a population of 381,500 as of June 2017, which is approximately 76 percent of 

the population of Greater Christchurch (comprising Christchurch city and two rural districts, 

Selwyn to the west and Waimakariri to the north) and 62 percent of the Canterbury region. New 

Zealand’s population increased from 2.81 million in 1970 to 4.79 million in 2017. Half of the 

increase concentrated in the Auckland region; Canterbury, the second fastest growing region, grew 

slightly faster than the nation (New Zealand Productivity Commission, 2012).  

Between 1926 and 1991, urban expansion in New Zealand was regulated by the Town and Country 

Planning Act (TCPA), which sets out different land use zones and prescribed land-use rules and 

restrictions. Over time, the TCPA has been amended to give local councils greater responsibility 
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and flexibility in preparing plans to provide for local social economic development needs.4 Under 

the TCPA, Christchurch urban growth was confined within prescribed urban boundaries 

surrounded by a green belt where residential development was prohibited (Memon, 2003). These 

boundaries were extended several times to accommodate population growth. In 1991, the TCPA 

was replaced by the Resource Management Act (RMA) to enhance environment conservation and, 

at the same time, accommodate more diverse land use. The RMA enabled low-density residential 

subdivisions and new development in the peripheral urban areas as long as they observed the 

environmental limits set in district and city plans. A recent study of New Zealand’s urban planning 

system and housing supply by the New Zealand Productivity Commission found that: “Many New 

Zealand councils have policies aimed at creating a compact urban form for their cities; yet most 

have struggled to achieve this goal. While cities have become denser, growth tends to be 

accommodated largely through developing land in outer suburbs. Barriers to densification include 

a lack of development capacity and community support for inner-city living.” (New Zealand 

Productivity Commission, 2017, p. 69).   

The highly uneven population growth and shortfall of residential development capacity in fast 

growing cities reduced housing affordability in New Zealand, despite the country’s overall low 

population density. According to the proportion of household income devoted to housing costs, in 

2016 New Zealand was less affordable than the majority of OECD countries (New Zealand 

Productivity Commission, 2017). In 2010, Christchurch was the third least affordable residential 

market in the country (Demographia, 2011). While regulatory and political constraints, including 

time-consuming development consent processes, minimum lot size and other subdivision 

constraints, are found to have contributed to the shortfall of residential development capacity in 

New Zealand’s fast-growing cities, the potential role of land-use externalities in hindering inner-

city densification remains to be examined.  

The urban form of Christchurch, like other urban areas in New Zealand, features an historic city 

center surrounded by inner and outer suburban communities. The heart of the city is Cathedral 

Square. Its surrounding areas within the Four Avenues of Christchurch are considered to be the 

                                                
4 Local councils have a major influence on all stages of home construction, from urban planning (including land release 
and zoning decisions), providing infrastructure to support land development, issuing building consents, to ensuring 
compliance with building codes. 
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central business district (CBD) of Christchurch (see Figure 1). According to the 2006 census, 

39,213 people worked in the CBD, accounting for 27 percent of the jobs in Christchurch city, 

where 90 percent of the jobs in Greater Christchurch are located.5 The city has a diverse economic 

base, being the leading agribusiness center, the second largest manufacturing center, the third 

largest center for knowledge-intensive services, and a major tourism center of the country. Average 

residential density declines with distance from the CBD, although density varies substantially 

within the inner and outer suburban areas.  

* Insert Figure 1 about here * 

Figure 2 shows the evolution of urban form in Christchurch in terms of average building lot size 

and average household income across neighborhoods by their vintage (measured by average 

building age) and distance to the CBD.6 The neighborhoods are delineated by meshblocks, the 

smallest geographic unit for statistical reporting by Statistics New Zealand. On average, a 

meshblock neighborhood in our sample has a population of 134 people and a land area of 73,000 

square meters. We divide our neighborhood sample into three zones: inner zone (within 5 km of 

the center of the CBD), intermediate zone (5 km to 10 km from the CBD), and outer zone (10 km 

to 25 km from the CBD). Neighborhoods across a wide range of vintages are represented in each 

distance zone but young neighborhoods, with an average building age of less than 20 years, 

concentrate in the intermediate and outer zones. The pattern is consistent with the observation by 

the New Zealand Productivity Commission (2017) that barriers to inner-city densification pushed 

urban growth to outer suburbs. 

* Insert Figure 2 about here *  

Figure 2a shows the distribution of average building lot sizes across neighborhoods. In the inner 

zone, newer neighborhoods tend to have a smaller average building lot size, indicative of an 

increasing demand for densification near the city center. In contrast, new neighborhoods in the 

outer zone tend to have larger lots. The median values of neighborhood average lot size are 648 

                                                
5 See http://archive.stats.govt.nz/Census/2013-census/profile-and-summary-
reports/commutingpatternschch/Working_in_greater_Christchurc.aspx#. 
6 The average building age and lot size for individual neighborhoods are estimated based on the information for 
properties sold between 2008 and 2013.  
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m2 in the inner zone, 682 m2 in the intermediate zone, and 751 m2 in the outer zone. These median 

values are all considerably above the minimum lot size requirements stipulated in subdivision 

regulations—300 m2 (net of access roads) in Living 3 zones (mostly around the CBD), 330 m2 in 

Living 2 zones (mostly in the inner suburbs) and 450 m2 in Living 1 zones (mostly in the outer 

suburbs). Land use externalities could have played an important role in discouraging neighborhood 

densification.  

Figure 2b shows the average household income (reported in the 2006 population census) in 

neighborhoods of different vintages and distances from the CBD. In the inner zone, the mix of 

neighborhoods in terms of average income does not vary much by neighborhood vintage, 

indicating the enduring popularity of the inner city for families of all income levels. In the 

intermediate and outer zones, new development projects increasingly cater to high-income 

households. Since high-income and better educated New Zealanders traditionally favor suburbs 

with natural amenities as well as the central area with rich cultural and consumer amenities (New 

Zealand Productivity Commission, 2017), the overrepresentation of high-income households in 

new development projects outside the inner zone is consistent with redevelopment barriers in the 

central area.   

B. Christchurch Earthquakes and Land Use Recovery Plan 

A major earthquake of 7.1 magnitude, centered 40 kilometers west of Christchurch city, occurred 

on 4 September 2010. A series of strong aftershocks rocked the Canterbury Region in subsequent 

months. An earthquake of 6.3 magnitude on 22 February 2011, centered only 10 kilometers 

southeast of the Christchurch CBD, caused most of the damage to the city. It resulted in 185 

fatalities, the collapse of many buildings in the CBD, and the destruction of thousands of homes 

in the surrounding suburbs. The earthquakes caused widespread liquefaction in the city, especially 

in the low-lying eastern suburbs along the Avon River estuaries. Liquefaction can cause building 

foundations to lose support and damage underground infrastructures such as water and sewage 

pipes. In June 2011, the Canterbury government launched a geotechnical survey to establish 

seismic hazard land zones across Greater Christchurch to provide residents with certainty about 

future land use safety. Areas with serious hazards of liquefaction or cliff collapse in the event of 

earthquakes are designated a Red Zone, which is deemed unsafe for residential uses. Areas suitable 



The Opportunity Cost of Outdated Neighborhoods 

8 
 

for residential construction are further divided into three technical categories (TCs) according to 

how the land is expected to perform in future earthquakes and additional seismic provisions 

required for construction. These categories are as follows: TC1 (Grey Zone) designates a minimal 

liquefaction hazard and requires no additional seismic provision; TC2 (Yellow Zone) designates 

moderate liquefaction hazards and requires enhanced concrete foundations; and TC3 (Blue Zone) 

designate significant liquefaction hazards and requires site-specific geotechnical investigation and 

engineering. Figure 3 shows the spatial distribution of seismic hazard zones in Greater 

Christchurch.  

* Insert Figure 3 about here * 

Liquefaction hazard maps for Christchurch had been published previously but were disregarded in 

residential development (Christensen, 2002, 2004; Elder et al., 1991). A perception of 

Christchurch as a low earthquake-risk area and the low accuracy of these previous liquefaction 

hazard studies were blamed for the general disregard of the liquefaction hazard before the 2010-

2011 earthquakes (Brackley, 2012; Stein et al., 2012).  

The Canterbury Earthquake Recovery Authority (CERA), empowered by the Canterbury 

Earthquake Recovery Act 2011, was established in March 2011 to develop comprehensive land 

use recovery plans through community participation and to expedite the rebuilding process. The 

land use recovery plans for Christchurch Central and Greater Christchurch were published in July 

2012 and July 2013, respectively, and reflected an optimistic outlook shared by the Christchurch 

communities that the recovery presented an unprecedented opportunity to rethink, revitalize and 

renew the city. These plans encouraged rebuilding activities; by the first quarter of 2017, NZD20.6 

billion, or 65.2 per cent of the estimated total value of rebuild construction in Greater Christchurch, 

had been spent (Greater Christchurch Group, 2017). 

A Red Zone buyout program and earthquake insurance payout also boosted home demand and 

reconstruction after the earthquakes (Parker and Steenkamp, 2012). A total of 7,857 homes existed 

in Red Zone areas, mostly owned and occupied by low-income families; to help these families to 

move to safe places, the government offered to buy these properties at their 2007 valuation. Areas 

zoned TC3 (Blue Zone) included about 28,000 homes, of which 10,000 required rebuilding or 

significant foundation repairs. More than 90 percent of the 183,792 dwelling units in Greater 
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Christchurch (according to the 2013 Census) made an earthquake damage claim to the Earthquake 

Commission and private insurers (Greater Christchurch Group, 2017).7 

A key objective of the Land Use Recovery Plan (CERA, 2013) was to encourage densification 

within existing residential zones. Such densification was deemed necessary to enable more people 

to live close to existing communities and facilities, support the recovery of suburban centers and 

Christchurch Central, and make the best use of existing infrastructure networks. Indeed, the Land 

Use Recovery Plan identified under-utilization of land in existing Christchurch city neighborhoods 

such that 33,000 new homes could be added if all the opportunities under the existing city zoning 

rules were taken up. Feasible opportunities, however, would be largely restricted to earthquake-

damaged areas where demolition had become necessary. The Land Use Recovery Plan made 

immediate changes to the Christchurch City Plan to provide up-zoning for existing neighborhoods 

across the city. The changes included allowing 1) two residential units to be built on any vacant 

site in the Living 1 (low density) or Living 2 (medium density) residential zones where only one 

was previously allowed, as long as standards to protect the amenity of neighbors were met; 2) 

reconfiguration of an existing dwelling to create two units; and 3) more intensive housing types, 

such as terrace and town house developments, on large sites close to local businesses, open space 

and public transport in Living 2 (medium density) and Living 3 (high density) zones (CERA, 2013, 

p. 18). Many of these stipulations, such as the standards for protecting neighbors’ amenity and 

proximity to local business centers and public transport links, are good examples of land use 

externalities that affect densification.  

II.  Empirical Strategy and Data Construction 

A. Empirical Strategy 

To account for residential land use externalities, we identify neighborhoods with meshblocks, the 

smallest geographic unit for statistical reporting by Statistics New Zealand. A Christchurch urban 

meshblock typically contains around 150 residents. The meshblocks are grouped into area units, 

each containing around two dozen meshblocks. A meshblock typically is 600 feet by 1,400 feet in 

                                                
7 Merkin (2012) discusses issues relating to earthquake insurance claims, which delayed rebuilding activities after the 
Christchurch earthquakes. 
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area. We chose meshblocks, instead of area units, to delineate neighborhoods, because residential 

land use externalities tend to be highly localized (Ahlfeld, et. al., 2015).8 Rossi-Hansberg et al. 

(2010) find the effect of externalities from home improvement spending, as captured by land value 

appreciation, falls by approximately half every 1000 feet. Similarly, Hornbeck and Keniston (2017) 

find the spillover effects level off at 1500 feet. In addition, meshblock neighborhoods within 

individual area units can vary considerably with respect to building age and lot size; such variations 

are important for our analysis. 

Our objective is to identify the impact of building impairment caused by the earthquakes on 

neighborhood land value, conditional on neighborhood proximity to the CBD and the prevalence 

of outdated buildings that can hinder neighborhood densification. An obstacle to the identification 

is that individual neighborhoods’ exposure to seismic hazards is not random and can be correlated 

with neighborhood location advantages, such as access to natural amenities. For example, an 

extensive building impairment may appear to have a positive effect on neighborhood land value 

near the CBD because the neighborhoods with greater exposure to seismic hazards near the CBD 

happen to have better access to natural amenities. We seek to minimize such confounding 

influences using the following strategy. We first divide our sample of neighborhoods into four 

subsamples according to their location (whether or not within 5km of the CBD) and outdatedness 

(determined by the average building age and lot size). We then estimate the effect of building 

impairment on neighborhood land value change before and after the earthquakes for each of these 

four neighborhood subsamples, controlling for area-unit fixed effects and observed neighborhood 

characteristics that either indicate or may correlate with location advantages.   

Specifically, we estimate the following land-value change equation for each stratified 

neighborhood subsample: 

!",$ − !",$&' = )!",$&' + +,-.-/ " + 0"1 + 23 + 4 + 5",    (1) 

                                                
8 Despite the debate in the literature on how a neighborhood should be defined, i.e. based on the social economic 
attributes or the contextual characteristics (see Keller, 1968; Kearns and Parkinson, 2001), most studies have utilized 
administrative units for which statistical data are available. For practical reasons. Byrne (2013) characterizes a 
neighborhood as ‘a legible, pedestrian-scale area that…fosters repeated, casual contacts with neighbors and 
merchants”. The meshblock scale we use for this study fits this description of the neighborhood.   
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where subscripts 6 , 7 , and 8  are, respectively, indices for meshblock neighborhoods, the 

neighborhood subsamples, and area units; 9 indicates the post-quake period and 9 − 1, the pre-

quake period;  !",$ − !",$&' is the change in neighborhood land value; -.-/ " is a score measuring 

the neighborhood exposure to seismic hazards, for predicting the extensiveness of building 

impairment caused by the earthquakes in the neighborhood; 0"  is a vector of neighborhood 

characteristics and 23  a set of area-unit fixed effects that control for neighborhood location 

heterogeneity; and 4 and 5" are respectively a constant and random error.  

Equation (1) describes the conditional convergence of land value (across neighborhoods) towards 

a conditional mean determined by 0" , 23 , and a land-value adjustment after the earthquakes 

predicted by +,-.-/ ". The ) coefficient for !",$&' on the right-hand side of equation (1) accounts 

for the rate of convergence. A negative ) estimate indicates that neighborhood land value will rise 

if the pre-quake land value is below the conditional mean. The coefficient +, , which reflects the 

impact of an extensive building impairment on neighborhood land value, is expected to vary by 

the neighborhood subsample such that, according to our hypothesis, it is most positive for outdated 

neighborhoods in areas where the demand for densification is highest. Given Christchurch’s urban 

development history discussed above, we expect the demand for densification to be stronger within 

5km of the CBD than outside it. Hence the outdated neighborhoods within 5km of the CBD would 

stand to gain most from an extensive building impairment that raises the prospects of 

neighborhood-wide redevelopment.  

Data construction involves estimating neighborhood land value before and after the earthquakes, 

constructing seismic hazard exposure scores for individual properties and neighborhoods and 

testing their validity for predicting building impairment caused by the earthquakes, and computing 

other neighborhood characteristics for measuring neighborhood outdatedness and for controlling 

location heterogeneity. The details are discussed in the following subsections. 

B. Seismic Hazard Scores for Individual Properties and Neighborhoods 

We seek to predict the impairment of building structures on a property caused by the earthquakes 

using a property-specific seismic hazard score that measures the property’s exposure to seismic 

hazards. We measure the exposure based on the technical categories of the land zone surrounding 
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the property. An alternative measure of building impairment would be the earthquake-damage 

insurance claims observed after the earthquakes. However, we believe that building impairment 

can be caused not only by the actual damage but also by structural obsolescence due to potential 

future damage arising from the building’s exposure to seismic hazards. The latter would not be 

covered by earthquake insurance policies.   

To quantify the seismic hazard, we code a hazard index ℎ(=) for each land zone technical category 

= based on our intuitive judgement of the differential hazard level: ℎ(1) = 0 for TC1 (Grey Zone), 

ℎ(2) = 0.3 for TC2 (Yellow Zone), ℎ(3) = 0.6 for TC3 (Blue Zone), and ℎ(4) = 1 for Red Zone. 

For each property, indexed j, we define a binary variable EF(=), which equals unity if the property 

is situated in a land zone of technical category =, and a fractional variable  GF(=)H#, which equals 

the land area share of technical category k within a J# radius of the property. GF(=)H# is measured 

using an ArcGIS map of Christchurch land zones for two alternative values of J#: J1 = 0.5km 

and J2 = 1km. The property-specific seismic hazard score, denoted by -.-#F , # =1 or 2, is 

defined as:  

-.-#F =L ℎ(=) × NEF(=) + O × GF(=)H#P
Q

 

where O is a positive number to reflect the extent to which the surrounding land-zone technical 

categories help to predict the building impairment. Experimentation suggests that the predictability 

is maximized around O = 1 and J2 = 1km. The sample statistics of -.-1F  and -.-2F , computed 

using O = 1, are reported in Table A2 in the Appendix. 

The neighborhood seismic hazard score is computed as the average seismic hazard score of the 

individual buildings in each neighborhood: 

-.-/ " =
∑ -.-2FF

∑ 1F
, for	W ⊂ Y", 

where Y" is the set of unique properties in meshblock 6 found in the home sale sample we employ 

for estimating neighborhood land values. 9  We use a hat symbol to indicate a neighborhood 

                                                
9 We observe a total of 24,500 unique properties in our sample, with an average of more than 10 unique properties per 
meshblock. 
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characteristic estimated by aggregating the characteristics of individual buildings within the 

neighborhood; this is to avoid confusion between a building characteristic and the corresponding 

neighborhood characteristic. To assess the validity of our seismic hazard score as a predictor of 

building impairment caused by the earthquakes, we correlate the neighborhood seismic hazard 

score -.-/ "  with the neighborhood average of the earthquake-damage insurance payout to 

individual properties, adjusted for property value.10 We find a correlation coefficient of 0.57. 

Further validation will be shown in the next subsection by the estimated the effect of -.-#F  on 

home sale prices after the earthquakes. 

C. Estimating Neighborhood Land Values Before and After The Earthquakes 

We employ home sale data from Greater Christchurch to estimate a hedonic home price equation 

for two purposes: (1) to assess the loss of building value in relation to property seismic hazard 

score -.-#F , to validate the effectiveness of the score as a predictor of the building impairment 

caused by the earthquakes; and (2) to estimate neighborhood land values before and after the 

earthquakes, which will be used in the second-stage analysis of neighborhood land-value changes. 

The hedonic pricing equation is specified as: 

 
ln -\F"$ = ]' + ]^_-F + F̀ab + cFad + e'-.-#F + e^(f--F × -.-#F) 

+eg(f_-F × -.-#F) + hF + i$ + !" + jF"$,	    (2) 

where  -\F"$  is the sale price of property W in meshblock 6 at time 9; _-F, a binary variable equal 

to 0 for single story and 1 for multiple stories; F̀ , a vector of property structural variables, 

including log floor area, number of bedrooms, log building age, building material score and 

building condition score; cF, a vector of site characteristics, such as log building lot size, contour, 

and view; f--F  and f_-F , building story score and material score, respectively, indicating 

                                                
10 The neighborhood average of the property-value-adjusted insurance payout for earthquake damage is defined as the 
neighborhood fixed effect k" in the regression equation: lnN4F" lF"⁄ P = ]n + ]' ln lF" +k" + oF", where 4F"  is the 
earthquake insurance payout to property j in neighborhood d, lF" is the capital value of the property according to 
government assessment before the earthquakes, and oF" is a random error. lF" on the right side of the equation is to 
control for the land share of property value that would increase with lF", since the damage is mostly sustained by the 
building structure. 4F"  includes payout from both the government and private insurers filed with the Earthquake 
Commission (EQC) of New Zealand as of the end of 2017, when nearly all the insurance claims for the 2010-2011 
Christchurch earthquakes had been settled.  
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building vulnerability to earthquakes (more stories and heavier construction materials make a 

building more vulnerable); hF, the building vintage effect; i$, a set of calendar quarter dummies to 

capture property market time trends; !", meshblock fixed effects; and jF"$, residual error. ] is a 

constant; ab and ad are coefficient vectors and the e coefficients capture the effects of the seismic 

hazard score on building structure value. The meshblock fixed effects, !", capture neighborhood 

land values (in log differences), which reflect neighborhood quality and redevelopment potential.11 

The details of the home sale data and the hedonic variables are provided in the Appendix. The pre-

quake sample (January 2008 to 4 September 2010) includes 12,245 observations in 2,328 

meshblocks, and the post-quake sample (22 February 2011 to June 2013) includes 9,647 

observations in 2,103 meshblocks. The meshblocks outside 25km of the CBD, which are rural, are 

not included in our analysis. The smaller number of meshblocks in the post-quake sample is largely 

due to the absence of Red Zone meshblocks.  

* Insert Table 1 about here * 

The OLS estimates of equation (2) are reported in Table 1. Column (1) reports the estimates for 

the pre-quake sample using the property seismic hazard score -.-2F . Columns (2) and (3) report 

the post-quake estimates using the property seismic hazard scores -.-1F  and -.-2F , respectively. 

The coefficient estimates for the property structure and site attributes before and after the 

earthquakes are fairly stable, with a few expected differences. The marginal value of the floor area 

and the number of bedrooms diminished somewhat after the earthquakes, reflecting an increased 

demand for smaller properties due to the loss of affordable homes in the Red Zone areas. The price 

discount for homes on steep slopes increased and the value premium for water-view properties 

somewhat decreased, probably reflecting a reduced demand for such properties due to elevated 

perception of earthquake risks.  

The most prominent change in pricing is with respect to the property seismic hazard score -.-#F . 

Before the earthquakes, -.-#F  had little effect on property value, consistent with the general 

disregard and inaccuracy of the liquefaction hazard information available then. After the 

                                                
11 These fixed effects may also capture unobserved architectural features common to buildings in each neighborhood. 
In the second stage analysis of neighborhood land values, we control for neighborhood population and average 
household income that may correlate with unobserved building features common in individual neighborhoods. 
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earthquakes, -.-#F  acquired a significant negative effect on property value, indicating its 

effectiveness for predicting the building impairment caused by the earthquakes.12 As expected, the 

impairment is greater for multi-story buildings and for buildings with heavier construction 

materials.13 Compared to properties with a zero seismic hazard score, a median seismic hazard 

score would reduce the market value of a single-story property with a median building material 

score by 8.3 percent and 8.9 percent, respectively, based on the score -.-1F  and -.-2F . 14 

Interestingly, the median ratio of earthquake insurance payouts to assessed property capital value 

(see footnote 10) among the Christchurch homes that filed for earthquake-damage claims was 7.7 

percent. The somewhat higher losses in property value predicted by the median seismic hazard 

scores appear quite reasonable as building structure obsolescence due to potential damages from 

property exposure to seismic hazards would not be covered by earthquake insurance policies. If 

the land share of property value is 50% (which is not uncommon in Christchurch) then the property 

value loss predicted by a median seismic hazard score represents about 18 percent of building 

structure value. The loss would be about 60 percent greater if the seismic hazard score is one 

standard deviation above the median.  

The estimates of equation (2) also include meshblock fixed effects !", which represent the log 

differences in neighborhood land values. To ensure that these meshblock fixed-effect estimates are 

not biased by the potential mismeasurement of the property seismic hazard scores due to the way 

the seismic hazard index ℎ(=)	is coded, we experimented with a power transformation of the 

scores, -.-#Fp , in equation (2). Comparing the goodness of fit of regression with different values 

of the power parameter q for the post-quake sample, we find that the goodness of fit (in terms of 

R2 statistics) approaches maximum and changes little around  q = 1. The hedonic estimates based 

on the alternative seismic hazard scores are very similar; the variance of the neighborhood fixed 

effects !" and the R-squared statistics are nearly the same. Since, between -.-1F and -.-2F , the 

                                                
12 Buildings constructed after the earthquakes would not be affected by the seismic hazard score. Any new homes built 
and sold after the earthquakes are most likely in the Grey Zone areas not affected by seismic hazards. 
13 Deng et al. (2013) show that, following the 2008 Wenchuan earthquake in Sichuan, China, apartments on higher 
floors lost significantly more value than those on lower floors. Nakagawa et al. (2007) show the impact of seismic 
hazard on home values in Tokyo. 
14 -.-1F and -.-2F have a median value of 0.502 and 0.471 respectively in the post-quake home sale sample (Table 
A2 in Appendix). The calculation of the property value loss predicted by -.-1F is (0.126+ 0.004× 10) × 0.502 and 
that by -.-2F is (0.149+ 0.004× 10) × 0.471.    
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latter predicts a somewhat larger building value loss both at the median value of the score and at 

the value one standard deviation above the median, we adopt the land value estimates !" based on 

-.-2F  for the neighborhood land value analysis presented in Section III.   

D. Measuring Neighborhood Outdatedness and Other Characteristics 

To identify outdated neighborhoods, we construct two neighborhood variables: the average age of 

buildings as of 2010 in individual neighborhoods, denoted by tuvw
", and the average building lot 

size, denoted by xyz/ ", where the subscript d is an index for neighborhoods. Both variables are 

computed based on the age and lot size of the properties in our home sale sample. In addition, 

subdivision regulation data are obtained from Christchurch City Council to compute the minimum 

lot size requirement for individual neighborhoods, denoted by xyz{|} . 15  A property can be 

subdivided if its lot size is not less than 2 × xyz{|}. We define a binary variable, y~z�tzv�", 

to indicate whether a neighborhood is deemed outdated for our analysis: y~z�tzv�" = 1 if  

tuvw
" ≥ 47 and xyz/ " xyz{|}⁄ ≥ 1.6, where the values 47 and 1.6 are approximately the sample 

median of tuvw
"  and xyz/ " xyz{|}⁄  respectively (see Table 2).16  

Three variables are used to control for the location attributes of individual neighborhoods. The 

neighborhood distance to the CBD, denoted by �-/_Çf�", is computed as the average distance to 

the CBD of the buildings in individual neighborhoods. A binary variable .�_ÉyÑv" indicates 

that the neighborhood is zoned for median or high-density residential use. It equals 1 for 

neighborhoods where xyz{|} is either 300 m2 (Living 3 zone) or 330 m2 (Living 2 zone), as 

opposed to 450 m2 (Living 1 zone); these neighborhoods are generally close public facilities, 

including employment centers, service centers, and public transport nodes. A third location 

attribute is the neighborhood land value potential predicted by the land value of adjacent 

neighborhoods, denoted by !Ö",$&' ; this variable is computed using vector equation Ü!Ö",$&'Ü =

                                                
15 Data for 61 meshblocks within 5km of CBD and 164 meshblocks outside 5km are missing. For these meshblocks, 
xyz{|}  value is estimated by interpolation based on the xyz{|}  value of adjacent meshblocks. 
16 Admittedly, tuvw

" may underestimate the true average building age in individual neighborhoods, as old properties, 
which are more likely to be severely damaged by earthquakes, would be under-represented in the home sale sample 
after the earthquakes. An alternative estimate of neighbourhood age is computed based on a larger set of properties 
that filed earthquake insurance claims. Nevertheless, the alternative neighbourhood age estimate has nearly the same 
sample median as that of tuvw

" and y~z�tzv�" is robust with respect to alternative estimates of neighbourhood 
average building age.  
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8áÜ!",$&'Ü, where Ü!",$&'Ü is the vector of the pre-quake neighborhood land value estimates and 

á is a symmetric spatial weight matrix with zero diagonal entries. Following the conventional 

specification for spatial correlation, we set the value of the off-diagonal entries of á proportional 

to the inverse of the squared distance between meshblocks: 1 6|,F
^⁄ , where 6|,F is the distance in 

kilometer between meshblocks i and j. These off-diagonal entries are normalized so that the sum 

of each row equals unity. The constant parameter 8	is chosen to equalize the variance of !Ö",$&'	and 

!",$&'. Unlike !",$&', !Ö",$&' is a measure of neighborhood land value potential unencumbered by 

the neighborhood’s own land use conditions, such as land-use externalities of outdated buildings.  

Two neighborhood demographic variables, obtained from the 2006 census, will be used to provide 

additional control of unobserved neighborhood attributes, such as architectural style and access to 

community amenities: the neighborhood population, denoted by \y\", and the average household 

income àÑÇ".  

III.  Empirical Results 

A. Descriptive Statistics for Neighborhood Characteristics 

The descriptive statistics of the neighborhood characteristics, including land value estimates, are 

reported in Table 2 for a sample of 1965 neighborhoods that appear in both the pre-quake and the 

post-quake sale samples (thus Red Zone meshblocks are excluded).17 We note a few features about 

the distribution statistics shown in the top panel. The log land value estimates, !" and !",$&', being 

the neighborhood fixed effects in equation (2), have mean values close to zero by construction.18 

The standard deviations of the land value change !" − !",$&' and pre-quake land value !",$&' are 

about 17 percent and 21 percent, respectively. The neighborhood seismic hazard score, -.-/ ", has 

a mean value of 0.511 and an approximately normal distribution. The average age of buildings in 

a meshblock ranges from 2.3 years to 101 years, with a median value of about 47 years. The ratio 

of the average lot size to the minimum required lot size ranges from 0.6 to 4.7, with a median value 

of about 1.55. Almost half (47.4 percent) of the neighborhoods in our sample are within 5km of 

                                                
17 Due to changes in census meshblock boundary and coding, we are able to identify the 2006 census population and 
income for only 1,819 meshblocks that appear in both the pre-quake and post-quake home sale samples.  
18 The slight deviations from the zero mean are due to fewer meshblocks represented in Table 2 than in Table 1.   
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the CBD, 21.4 percent are deemed outdated by our classification, and about 14 percent are zoned 

for medium or high-density residential uses. The neighborhoods vary substantially in their 2006 

census population, from 15 to 570, with a mean of 134. They also vary substantially in their 2006 

census average household annual income, from NZD13,800 to NZD100,000.  

* Insert Table 2 about here * 

The bottom panel of Table 2 shows the correlation between the neighborhood characteristics. 

Neighborhood land-value change is slightly negatively correlated with the pre-quake land value 

and positively correlated with neighborhood outdatedness and location within 5km of the CBD. 

The pre-quake land values nearer to the CBD and in high-income neighborhoods, both observed 

and interpolated, are greater. The neighborhood seismic hazard score -.-/ " is positively correlated 

with building age and proximity to the CBD. Older neighborhoods tend to have more low-income 

households and be located closer to the CBD. Neighborhoods within 5km of the CBD are likely to 

be more outdated than those outside. Neighborhoods zoned for medium or high-density residential 

uses are more likely to be located within 5km of the CBD, smaller in population, and outdated. 

The association of the outdated neighborhoods with central location and a medium-to-high-density 

living zone is indicative of frictions that prevent these neighborhoods from responding to the 

market demand for densification.  

* Insert Table 3 about here * 

To show the broad pattern of change that occurred across the neighborhoods around the time of 

the earthquakes, we document in Table 3 the variance and the gradient with respect to distance to 

the CBD of three neighborhood characteristics, namely neighborhood average income, population, 

and land value, both before and after the earthquakes.19 The top panel shows the comparison for 

neighborhoods outside the Red Zone areas, the bottom panel, for neighborhoods with a relatively 

low exposure to seismic hazards in Yellow Zone and Grey Zone areas. As shown by the variance 

statistics in both panels, average income became less dispersed across neighborhoods, whereas 

population and land-value became more dispersed, after the earthquakes. Much of the increased 

divergence in post-quake land value occurred in the more centrally located Blue Zone 

                                                
19 The meshblock income and population data are obtained from the 2006 and 2013 censuses. The between-census 
changes in income and population would reflect both the pre-quake trends and the earthquake impact. 
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neighborhoods. The neighborhood income gradient became less positive and the land-value 

gradient more negative after the earthquakes, but neighborhood population gradient became more 

positive. According to the top panel, the neighborhood land value drops 15 percent each 10km 

away from the CBD before the earthquakes; after the earthquakes, it drops 19 percent. These 

changes reflect the relocation of residents from the more severely damaged central neighborhoods 

to the less damaged suburban Yellow Zone neighborhoods and renewed gentrification in the 

central area. The gentrification appears to affect areas of both high and low seismic hazards.  

B. The Impact Of Seismic Hazard Exposure on Neighborhood Land Value 

We first estimate the effect of the neighborhood seismic hazard score -.-/ " on neighborhood land 

value !" for the pooled neighborhood sample but separately for the periods before and after the 

earthquakes.  The estimation equation is: 

!" = 4 + â'-.-/ " + â^-.-/ " ∙ N�-/ãåç"
≤ 5P + âg-.-/ " ∙ N�-/ãåç"

≤ 5P ∙ y~z�tzv�" 

è'y~z�tzv�" + è^N�-/ãåç"
≤ 5P ∙ y~z�tzv�" + 0"1 + 23 + 5",    (3) 

where 4 is a constant, N�-/ãåç"
≤ 5P is a binary indicator for neighborhoods within 5km of the 

CBD, y~z�tzv�"  is the binary indicator for outdated neighborhoods, 0"  is a vector of 

neighborhood characteristics other than -.-/ " and y~z�tzv�", 23 is an area-unit fixed effect, 

and 5" is a random error. If -.-/ " affects neighborhood land value via building impairment caused 

by the earthquakes, the â coefficient estimates should become significant after the earthquakes. 

We also expect the è  coefficients to be negative to reflect the suboptimal land-use intensity 

indicated by y~z�tzv�". 

* Insert Table 4 about here * 

The estimates of equation (3) are reported in Table 4 for a sample of 1,819 meshblocks where 2006 

census data and land value estimates both before and after the earthquakes are available. We find 

that, after controlling for area-unit fixed effects, other neighborhood characteristics, including 

distance to the CBD, medium or high-density living zone, and neighborhood population size, have 

little additional influence on neighborhood land value but neighborhood income has a significant 

and positive influence both before and after the earthquakes. Outdated neighborhoods suffer a loss 
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in land value, which is slight outside 5km of the CBD but more significant inside, especially after 

the earthquakes. Before the earthquakes, the seismic hazard score -.-/ " has little influence on land 

value in general except in the outdated neighborhoods within 5km of the CBD, where it had a 

positive effect possibly due to the confounding influences of omitted neighborhood characteristics. 

After the earthquakes, -.-/ " has a highly significant negative impact on land value outside 5km 

of the CBD but a moderately positive total impact within 5km of the CBD. Among the outdated 

neighborhoods within 5km of the CBD, -.-/ " has a significantly positive effect on land value. The 

impact of -.-/ " on neighborhood land value appears mainly via building impairment caused by 

the earthquakes and are consistent with our hypothesis. 

* Insert Table 5 about here * 

To further isolate the -.-/ " impact on land value from the possible confounding influences of other 

neighborhood characteristics that may vary by proximity to the CBD and neighborhood 

outdatedness, we estimate the neighborhood land-value change equation, equation (1), separately 

for each of the four neighborhood subsamples stratified according to their distance to the CBD 

(whether or not within 5km) and whether they are outdated. Equation (1) describes land value 

convergence across neighborhoods towards a conditional mean determined by +,-.-/ " and a set 

of neighborhood characteristics 0"  and area-unit fixed effects 23 . Table 5 shows the OLS 

estimates. The neighborhoods in the first two subsamples (reported in the second and third columns) 

are within 5km of the CBD; these neighborhoods account for 48 percent of the neighborhoods in 

our sample (1,965 meshbloocks for the top panel and 1,819 meshblocks for the bottom panel). 

Outdated neighborhoods account for about one-third of the neighborhoods within 5km of the CBD 

and about 11 percent of those outside.   

The top panel of Table 5 reports the estimates of equation (1) where 0" includes the neighborhood 

land-value potential based on spatial interpolation, !Ö". For all the four subsamples, the ) estimate 

is negative and statistically significant, indicating a strong land-value adjustment across 

neighborhoods in response to the gap between the pre-quake land value and the conditional mean 

land value. The neighborhood seismic hazard score -.-/ "  predicts the most positive (and 

statistically significant) change in conditional mean land value for the outdated neighborhoods 

within 5km of the CBD. The result is consistent with our hypothesis. The influence of the 
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neighborhood land-value potential !Ö" on the conditional mean is generally weak, reflecting the 

slow pace for neighborhood land use to change. Not surprisingly, the influence of !Ö" is strongest, 

though only marginally significant statistically, among the outdated central neighborhoods, where 

redevelopment prospects are the best.   

According to the coefficient estimates for -.-/ " reported in the top panel, a median -.-/ " score 

(0.521) predicts a land value increase of about 10 percent on average for the central outdated 

neighborhoods, with a 95% confidence interval of between 2.7 percent and 17.5 percent. Clearly, 

building impairment creates wealth for these neighborhoods by enabling reconstruction to 

internalize externalities and raise land-use efficiency. A median -.-/ " score predicts a land value 

increase of about 3 percent on average for non-outdated neighborhoods within 5km of the CBD, 

with a 95% confidence interval between -2.1 percent and 8.1 percent. Thus, reconstruction can be 

profitable in the central area even for many neighborhoods that are not outdated; the potential 

redevelopment profit for these neighborhoods may have been boosted by the up-zoning provisions 

in Land Use Recovery Plan (CERA, 2013), which allowed land-use intensity to increase in existing 

neighborhoods.20  

For neighborhoods outside 5km of the CBD that are outdated, a median -.-/ " score predicts a 13.6 

percent loss in land value on average with a 95% confidence interval between 46 percent loss to 

19 percent gain. This very wide confidence interval shows that a few of these neighborhoods are 

also able to take advantage of an extensive building impairment to redevelop and gain efficiency 

from internalizing externalities; presumably they have certain location advantages, such as 

proximity to local business and public transportation. For those without location advantages, the 

demand for their densification is low and an extensive building impairment can exacerbate 

negative land-use externalities. For neighborhoods beyond 5km of the CBD that are not outdated, 

a median -.-/ " score predicts a 13.8 percent loss in land value on average with a 95% confidence 

interval of between 21 and 6.4 percent loss. A high exposure to seismic hazards raises construction 

difficulties due to the increased seismic provision requirement (see Section I.B), which reduces 

land value. For these neighborhoods, lacking compensating benefits from prospective 

                                                
20 See the discussions in Section I.B. Although the Land Use Recovery Plan (CERA, 2013) was published in July 
2013, the up-zoning provisions can be anticipated by the home buyers in our post-quake sample, since the community 
participation in recovery planning started soon after the earthquakes. 
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neighborhood reconstruction, -.-/ " predicts only losses in land value. Against such losses in land 

value that the exposure to seismic hazards can cause in the absence of reconstruction benefits, the 

wealth gains created by reconstruction prospects in the outdated central neighborhoods, as 

reflected by the land value increases in response to -.-/ ", are indeed very substantial.   

For a robustness check, the bottom panel of Table 5 reports the estimates of equation (1) based on 

an alternative set of neighborhood characteristics for 0" , namely, the distance to the CBD 

(�-/_Çf�") , a medium-high-density zoning indicator (.�_ÉyÑv") , neighborhood average 

household income (àÑÇ") and population (\y\"). \y\" and àÑÇ" can be endogenous; they are 

included to control for unobserved neighborhood characteristics, such as neighborhood 

architectural style and access to local amenities that can be correlated with neighborhood 

population and income. Neighborhoods zoned for medium or high density residual uses may have 

better access to public services. With the area-unit fixed effects included in the equation, these 

control variables generally have little additional influence on the conditional mean land value. The 

findings in the top panel regarding the impact of -.-/ "  on land value change for the four 

neighborhood subsamples remain unchanged.  

IV.  Conclusions 

The 2010-2011 major earthquakes in Christchurch provide a natural experiment for us to study the 

opportunity cost of outdated neighborhoods in a larger urban context where location matters. We 

find a considerable wealth-creating effect of the building impairment caused by the earthquakes in 

outdated neighborhoods within 5km of the CBD. The finding shows the prevalence of 

densification frictions that result in inefficient land uses in these outdated neighborhoods—about 

a third of the neighborhoods within 5km of the CBD—and substantial gains in land-use efficiency 

that could be achieved through neighborhood-wide reconstruction to internalize land-use 

externalities. Beyond 5km of the CBD, few outdated neighborhoods appear able to profit from the 

reduction in densification constraints due to the lack of location advantages among these 

neighborhoods. Our findings show that the opportunity cost of outdated neighborhoods can vary 

substantially within a city in relation to the disparity in location advantages. 
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The present study, along with the existing studies that examine land-use inefficiency of outdated 

neighborhoods in historical contexts (e.g. Siodia, 2015; Hornbeck and Keniston, 2017), highlights 

the significance of densification frictions arising from land-use externalities in shaping and 

constraining urban growth in a wide spectrum of urban settings. As cities increasingly pursue 

transit-oriented urban growth and compact urban form, location will matter more. Collective 

actions to overcome densification frictions remain wanting in many cities and can have a big 

impact on housing supply elasticity. Effective policies to empower such collective actions deserve 

greater attention by both scholars and policy makers. 
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Table 1—OLS Estimates of Hedonic Pricing Equation 
    Pre-earthquake sample              Post-earthquake sample 

Property-specific  
seismic hazard score: 

 (1) 
Based on SHS2 
(1km radius) 

(2) 
Based on SHS1  
(0.5km radius) 

(3) 
Based on SHS2 

(1km radius) 
Constant  11.304  11.455  11.471  

  (0.057)  (0.106)  (0.107)  
Log floor area  0.391  0.379  0.379  

  (0.007)  (0.010)  (0.010)  
No. bedrooms  0.022  0.021  0.021  

  (0.002)  (0.003)  (0.003)  
Multi-story building  0.024  0.031  0.032  

  (0.006)  (0.007)  (0.007)  
Log building age  -0.022  0.000  0.000  

  (0.008)  (0.011)  (0.011)  
Log building lot size  0.175  0.184  0.184  

  (0.005)  (0.007)  (0.007)  
Land contour:  Moderate fall  0.016  -0.018  -0.017  

  (0.019)  (0.041)  (0.041)  
               Moderate rise  0.018  0.007  0.007  

  (0.009)  (0.012)  (0.012)  
               Steep fall  0.016  0.051  0.050  

  (0.047)  (0.084)  (0.084)  
               Steep rise  -0.104  -0.174  -0.174   

 (0.046)  (0.082)  (0.082)  
Views:   Other   0.007  0.003  0.004   

 (0.010)  (0.013)  (0.013)  
              Water  0.104  0.095  0.095   

 (0.013)  (0.028)  (0.028)  
Building materials score f_-F  -0.002  -0.002  -0.002  

  (0.001)  (0.001)  (0.001)  
Building condition score fÇ-F  0.002  0.002  0.002  

  (0.000)  (0.001)  (0.001)  
-.-#F   -0.012  -0.126  -0.149  

  (0.018)  (0.035)  (0.037)  
-.-#F × f--F   0.006  -0.018  -0.020  

  (0.004)  (0.006)  (0.006)  
-.-#F × f_-F  0.001  -0.004  -0.004   

 (0.001)  (0.002) 
 

(0.002) 
 

Vintage effects  Yes  Yes  Yes  
Calendar quarter effects  Yes  Yes  Yes  
Number of meshblock fixed effects nd  2,328  2,103  2,103  
Number of observations  12,245  9,647  9,647  
Adjusted R2  89.3%   85.8%   85.8%   

Note: The regression equation is, ln -\F"$ = ]' + ]^_-F + F̀ab + cFad + e'-.-#F + e^(-z-| × -.-#F) + eg(f_-| ×

-.-#F) + hF + i$ + !" + jF"$, where -\F"$ is the sale price of property j in meshblock d at time t; _-F, a binary variable equal to 
0 for single-story buildings and 1 for multi-story buildings; F̀ , a vector of building structural attributes, including log floor area, 
number of bedrooms, log building age, building material score and building condition score; cF, a vector of site attributes, including 
log building lot size, contour (level ground as default) and view (no view as default); -.-#F, the property-specific seismic hazard 
score; f--F  and f_-F , building seismic vulnerability scores in relation to building story number and material heaviness, 
respectively; hF, the building vintage effect; i$, calendar quarter (quarter-by-year) dummies; !" , meshblock fixed effects; and jF"$, 
residual error. The pre-quake sample period is from January 2008 to 4 September 2010; the post-quake sample period is from 
February 2011 to June 2013. Standard errors are in parenthesis.  
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Table 2—Descriptive Statistics of Neighborhood Land Value and Characteristics 

 !",$ − 
!",$&' !",$&' !(",$&' )*+,-+.," /0/1 " -2.3" 

4)+1 "

4)+567
 0,_9):." ,/1 _;<," ,/1 _;<," 

≤ 5km ?)?"  @:;" 

Mean -0.009 0.011 0.014  0.214 0.511 45.97  1.612  0.139 5.795 0.474 134 51,948 
Median  0.012 -0.022 -0.021  0.000 0.521 46.72  1.551  0.000 5.237 0.000 126 50,800 
Maximum  0.593 1.177 1.011  1.000 1.404 101.1  4.738  1.000 24.46 1.000 570 100,000 
Minimum -1.440 -0.619 -0.499  0.000 0.000 2.330  0.593  0.000 0.796 0.000 15 13,800 
Std. Dev.  0.171 0.212 0.212  0.410 0.294 17.44  0.350  0.346 3.209 0.499 56 18,188 
Skewness -2.353 1.421 1.229  1.393 -0.098 -0.047  2.511  2.088 1.661 0.105 0.832 0.744 
Kurtosis  14.73 6.380 5.452  2.940 2.845 3.159  17.20  5.359 6.764 1.011 5.114 3.218 

 Correlation coefficients 

!",$ − !",$&'  -0.046  0.056 0.045 -0.012 0.084 0.029 0.104 -0.081 0.176 -0.029 0.019 

!",$&'   0.786 0.180 0.077 0.046 0.226 0.125 -0.218 0.188 0.012 0.444 
!(",$&'    0.184 0.053 0.105 0.148 0.134 -0.227 0.142 0.009 0.358 

)*+,-+.,"     0.166 0.428 0.328 0.221 -0.253 0.285 -0.068 0.039 
/0/1 "      0.243 -0.049 0.140 -0.415 0.464 -0.075 -0.027 

-2.3"       -0.049 0.151 -0.405 0.439 -0.133 -0.255 

4)+1 " 4)+567⁄         0.123 0.124 -0.018 0.030 0.273 

0,_9):."         -0.322 0.347 -0.035 -0.106 

,/1 _;<,"          -0.713 0.059 0.095 
,/1 _;<,"
≤ 5km           -0.050 -0.120 

?)?"             -0.036 

Note: Except for @:;" and ?)?", the statistics in the table are computed based on the 1,965 meshblocks that appear in both the pre-quake and the post-quake home sale samples; 
Red Zone meshblocks are excluded. Due to changes in meshblock boundaries and coding, only 1,819 of these 1965 meshblocks can be matched to the 2006 census average household 
income @:;"	and population ?)?".  !",$, !",$&', and  !(",$&' are, respectively, the meshblock log land value before and after the earthquakes and the interpolated pre-quake log land 
value. /0/1 2", -2.3", 4)+1 ", and ,/1_;<," are meshblock average values of seismic hazard score, building age, building lot size, and distance to the CBD in km, respectively. 
4)+F67 is the minimum lot size required for subdivision in the meshblock. Three variables are binary: G,/1_;<," ≤ 5kmH, indicating meshblock location within 5km of the CBD;  
0,_9):.", indicating medium or high-density residential zoning; and )*+,-+.,", indicating an average building age in meshblock no less than 47 years and an average lot size 
no less than 1.6 times the required minimum lot size. 
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Table 3—The Variance and Gradient of Neighborhood Income, Population, and Land Value, Before and After The Earthquakes 

  Pre-quake   Post-quake 

  

Log 
neighborhood 

income 

Log 
neighborhood 

population 

Log 
neighborhood 

land value  

  Log 
neighborhood 

income 

Log 
neighborhood 

population 

Log 
neighborhood 

land value  
 Meshblock neighborhoods outside Red Zone (1,816 observations) 
Variance 0.123 0.199 0.045  0.116 0.215 0.071 
Gradient with respect to 
distance to the CBD 

0.013 0.005 -0.015  0.008 0.013 -0.019 
(0.003) (0.003) (0.002) 

 
(0.002) (0.003) (0.002) 

 Meshblock neighborhoods outside Red Zone and Blue Zone (1,354 observations) 
Variance 0.119 0.207 0.037  0.110 0.222 0.045 
Gradient with respect to 
distance to the CBD 

0.015 0.003 -0.013  0.010 0.010 -0.015 
(0.003) (0.004) (0.002) 

 
(0.003) (0.004) (0.002) 

Note: The gradient with respect to distance to the CBD is estimated using regression I" = K + M ∙ ,/1_;<," + O", where I" represents neighborhood characteristics indicated by 
the column heading, c is a constant, ,/1_;<," is neighborhood distance to the CBD in kilometers and O" is residual error. Standard errors are in parenthesis.  
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Table 4—Neighborhood Land Value Regression Before and After the Earthquakes 

 Before the 
earthquakes 

After the 
earthquakes 

Constant  -0.9500 
(0.1072) 

-0.8073  
(0.1717) 

Distance to the CBD ("#$_&'"
(
) -0.0119 

(0.0067) 
-0.0039  
(0.0108) 

Medium to high-density zone ()"_*+,-.) -0.0131 
(0.0153) 

-0.0276  
(0.0224) 

log meshblock average household income (/,&
.
) 0.0946  

(0.0093) 
0.0771  

(0.0146) 

log meshblock population (1+1
.

) -0.0039 
(0.0057) 

0.0073  
(0.0096) 

Outdated neighborhoods (+23"43-"
.
)  -0.0095 

(0.0112) 
-0.0095  
(0.0193) 

Seismic hazard score (#)#$
.

) 0.0401  
(0.0244) 

-0.1964  
(0.0552) 

+23"43-"
.
× ("#$ _&'"

.
≤ 5km)  -0.0409 

(0.0274) 
-0.0881  
(0.0415) 

#)#$
.
× ("#$ _&'"

.
≤ 5km)  0.0171  

(0.0230) 
0.2275  

(0.0498) 

#)#$
.
× +23"43-"

.
× ("#$ _&'"

.
≤ 5km) 0.0857  

(0.0390) 
0.1265  

(0.0608) 
Adjusted R squared 0.798 0.664 

Note: The estimation equation is:  :
.
= < + >

?
#)#$

.
+>

@
#)#$

.
∙ B"#$

CDE.
≤ 5F + >

G
#)#$

.
∙ B"#$

CDE.
≤ 5F ∙ +23"43-"

.
+

H
?
+23"43-"

.
+ H

@
B"#$

CDE.
≤ 5F ∙ +23"43-"

.
+ I

.
J+ K

L
+ M

.
, The estimation sample includes 1,819 neighborhoods that 

appear in both the pre-quake home sale sample and the post-quake home sale sample and have 2006 census information. A 
meshblock neighborhood is deemed outdated if the average building age in the neighborhood is greater than 47 years and the ratio 
of the average lot size over the required minimum lot size is no less than 1.6. The meshblock population and income are based on 
2006 census. The regression includes 118 area-unit fixed effects. Standard errors of estimates based on White cross-section 
covariance are in parentheses.  
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Table 5—OLS Estimates of Conditional Convergence of Neighborhood Land Value  

and The Conditional Mean Land Value  

Neighborhood types Outdated, 
within 5km of 

CBD 

Not outdated, 
within 5km of 

CBD 

Outdated, 
beyond 5km of 

CBD 

Not outdated, 
beyond 5km of 

CBD 

Panel A (1,965 meshblock observations) 

Neighborhood land value before 
the earthquakes 	(:.,PQ? ) 

-0.3331  
(0.1200) 

-0.4262  
(0.0534) 

-0.8018  
(0.2521) 

-0.5712  
(0.0794)  

Seismic hazard score (#)#$ .) 0.1940  
(0.0723) 

0.0578  
(0.0502) 

-0.2612  
(0.3197) 

-0.2640  
(0.0716) 

Interpolated land value potential 
(:R.) 

0.2312  
(0.1206) 

0.0405  
(0.0872) 

0.1981  
(0.4148) 

-0.1024  
(0.1000) 

Constant -0.0984  
(0.0477) 

-0.0041  
(0.0315) 

0.0445  
(0.1115) 

0.0447  
(0.0265) 

Adjusted R squared 0.258 0.153 0.500 0.356 
Number of observations 314 617 107 927 

Panel B (1,819 meshblock observations) 

Neighborhood land value before 
the earthquakes (:.,PQ?) 

-0.3660  
(0.1349) 

-0.4704 
(0.0644) 

-0.6534 
(0.1846) 

-0.6133 
(0.0825) 

Seismic hazard score (#)#$ .) 0.1884  
(0.0803) 

0.0222 
(0.0581) 

-0.2194 
(0.2954) 

-0.2634 
(0.0739) 

Distance to CBD ("#$_&'".) -0.0340  
(0.0336) 

-0.0280 
(0.0205) 

0.0148 
(0.0547) 

0.0120 
(0.0122) 

Medium or high-density zoning 
()"_*+,-.)  

-0.0436  
(0.0384) 

0.0095 
(0.0428) 

0.1175 
(0.0932) 

-0.0066 
(0.0337) 

log meshblock average 
household income (/,&.) 

0.0635  
(0.0354) 

0.0177 
(0.0247) 

0.0818 
(0.0489) 

0.0155 
(0.0202) 

log meshblock population 
(1+1.) 

-0.0440  
(0.0261) 

0.0262 
(0.0180) 

0.0462 
(0.0673) 

0.0152 
(0.0120) 

Constant -0.4186  
(0.4837) 

-0.2020 
(0.2762) 

-1.1594 
(0.7454) 

-0.2918 
(0.2361) 

Adjusted R squared 0.264 0.165 0.478 0.311 
Number of observations 301 569 104 845 

Note: The estimation equation is: :
.,P
− :

.,PQ?
= T:

.,PQ?
+ U

V
#)#$

.
+ I

.
J+ K

L
+ < + M

.
, where a negative T  coefficient 

indicates the rate of convergence. The neighborhood characteristics I
.
 and the area-unit fixed effects K

L
 predict the conditional 

mean land value, towards which the neighborhood land value converges, and U
V
#)#$

.
 predicts the change in the conditional mean 

after the earthquakes. A neighborhood is deemed outdated if its average building age is no less than 47 years and average lot size is 
no less than 1.6 times the required minimum lot size. Standard errors of estimates based on White cross-section covariance are in 
parentheses.  
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Figure 1. 2006 Net Population Density In Christchurch City 

 

 
Note: The white area in the map marks the territorial area of Christchurch City, which is 1,426 km2 in area. The dark line delineates 
the urban area, which is 608 km2. Net densities are calculated by dividing the usual resident population of a meshblock by the area 
(ha) of the meshblock zoned residential. Non-residential zones, such as open space and commercial zones, are excluded from net 
density calculations. The grids delineate area units. Source: Statistics New Zealand Census of Population and Dwellings.    

CBD 

Port Hills 

Waimakariri River 
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Figure 2a. Average Building Age and Lot Size Across Meshblock Neighborhoods by Distance Zones from the CBD  

 
 
Figure 2b. Average Building Age and Household Income Across Meshblock Neighborhoods by Distance Zones from the CBD 

 

Notes: Meshblocks are the smallest geographic unit for statistical reporting by Statistics New Zealand. Neighborhood average lot size and building age are 
calculated using residential property transaction data in Christchurch between 2008 and 2013. Neighborhood median household income is from the 2006 census. 
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Figure 3. Christchurch Meshblocks and Seismic Hazard Land Zone Map 

 
 
 
 

  

Christchurch 
Central: CBD 
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Appendix. Christchurch Residential Market and Transaction Data 

For the purpose of estimating land values across Christchurch neighborhoods before and after the 

earthquakes, home sale data for Christchurch are obtained from Quotable Value New Zealand (QV), 

the official database for all property transactions in New Zealand. The data sample covers the 

period from January 2008 to June 2013. For each transaction, we observe a property ID, sale price, 

sale date, property structural characteristics, land attributes, associated census meshblock number 

and area unit ID. We restrict our estimation sample to single family homes located on the CERA 

land zone map within 25km of the CBD. Home sales in a rural area, or for which land zone status 

is unknown, are excluded from the analysis. We further exclude exceptional properties that have a 

sale price of more than NZD2 million or below NZD20,000, a lot size larger than 0.5 hectare, or 

building floor area exceeding 500 square meters. In total, there are 12,314 property transactions in 

the pre-earthquake sample (January 2008 to September 2010) and 9,654 transactions in the post-

earthquake sample (February 2011 to June 2013). 

Figure A1 shows that the residential market in Christchurch slowed in 2008 amid the 2007-2008 

Global Financial Crisis but started to recover in 2009. Before the onset of the earthquakes in 2010, 

prices remained strong, although the sales volume dropped. Home demand and sale transactions 

recovered quickly after the earthquakes, boosted by the relocation of residents and an influx of 

recovery workers. Prices and rents grew by about 20 percent and 30 percent respectively over the 

two years to mid-2013, by which time the population in Christchurch began to grow again.  

Several variables are constructed to account for building vulnerability to earthquakes in hedonic 

price regression. Building story number !"#  is computed as the total floor area divided by the 

building footprint, rounded up to the next integer number. The majority of homes in Christchurch 

are single-story. We further compute a building story score to reflect our intuition that the seismic 

vulnerability of a building would rise nonlinearly with its story number: $!!# ≡ exp)!"# − 1, −
1; the score equals zero for single-level dwellings. To control for the seismic vulnerability of 

buildings in relation to their construction material weight, we compute a building material score, 

$-!#, equal to the product of the wall material weight score and the roof material weight score. 

The weight scores for the 13 types of building materials reported in the home sale data are given 

in Table A1; light materials (e.g. weatherboard) are given low weight scores and heavy ones (e.g. 
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stone and brick), high weight scores. A higher $-!# score, as a result of heavy wall and roof 

materials, means a greater seismic vulnerability. Similarly, we compute a building condition score, 

$.!#, equal to the product of the condition scores of external walls and roof. The scores for the 

five condition levels reported in the home sale data are given in Table A1. 

Table A2 presents the summary statistics of selected property attributes for the pre-earthquake 

sample and the post-earthquake sample respectively. The post-earthquake home sales are more 

expensive, in terms of either mean price or median price, reflecting both price appreciation due to 

housing shortage and larger homes sold after the earthquakes. Homes sold after the earthquakes 

are also newer, reflected by a lower median building age—older properties were more likely 

damaged by the earthquakes and the relatively new homes, mostly in outer suburbs, tend to be 

larger (McDonagh, 2014). The smaller mean and standard deviation of the seismic hazard scores 

(SHS1 and SHS2) in the post-quake sample reflect the loss of properties in neighborhoods with 

high seismic hazard levels.  

 

Figure A1. House Price, Rent, and Sales Volume in Christchurch (January 2008~May 2013) 
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Table A1. Building Material Score and Building Condition Score 

Building material score 

Category Building materials Score 
1 Stone 5 
2 Brick 5 
3 Concrete 5 
4 Roughcast 4 
5 Glass 4 
6 Mixed material 3 
7 Tile 3 
8 Fibre cement 3 
9 Aluminium 2 

10 Iron / Steel 2 
11 Butynol / Malthoid 2 
12 Plastic 2 
13 Weatherboard 1 

Note: Heavier materials are given a higher score. The composite building material score is defined as the product of 
the wall material score and the roof material score. For example, if a building has brick walls and an iron roof, the 
building material score ($-!#) is 5´2=10.  

 
 

Building condition score 

Building conditions Score 
Good 5 
Average 4 
Mixed 3 
Fair 2 
Poor 1 

Note: For example, if a building has an average condition for walls and good condition for roof, the calculated building 
condition score is 4´5=20.  
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Table A2. Summary Statistics of the Building and Property Attributes 

Variables Mean Median Maximum Minimum Std. Dev. 

Panel A: pre-earthquake home sale sample (January 2008 to 4 September 2010; 12,314 observations) 

Sale Price (NZD)  382,074   343,900   1,975,000   102,500   159,702  
Floor area (sq m)  154   133   498   40   60  
No. of bedrooms  3.29   3.00   6.00   1.00   0.69  
Building story number (!"#)  1.17   1.00   3.00   1.00   0.39  
Building age (year)  45.09   49.00   131.00   1.00   28.70  
Building material score ($-!#)  9.56   10.00   25.00   1.00   4.62  
Building condition score ($.!#)  21.39   25.00   25.00   1.00   4.84  
Building lot size (ha)  0.068   0.065   0.426   0.008   0.022  
!1!1 (0.5km radius)  0.575   0.548   1.874  0.000   0.386  
!1!2 (1km radius)  0.550   0.520   1.642  0.000   0.359  

Panel B: post-earthquake home sale sample (22 February 2011 to June 2013; 9,654 observations) 

Sale Price (NZD)  425,099   388,000   1,950,000   58,500   173,011  
Floor area (sq m)  158   140   494   40   61  
No. of bedrooms  3.32   3.00   5.00   1.00   0.71  
Building story number (!"#)  1.18   1.00   4.00   1.00   0.39  
Building age (year)  44.49   43.00   139.00   1.00   29.45  
Building material score ($-!#)  9.38   10.00   25.00   2.00   4.15  
Building condition score ($.!#)  21.71   25.00   25.00   1.00   4.70  
Building lot size (ha)  0.067   0.065   0.385   0.014   0.023  
!1!1 (0.5km radius)  0.448   0.502   1.818  0.000   0.295  
!1!2 (1km radius)  0.431   0.471   1.629  0.000   0.282  

 
 
 
 


