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Abstract. Using New Zealand'sZealand’s Integrated Data Infrastructure (IDI), we evaluate the
impaeteffects of the 2010-2011 Canterbury earthquakes on household econemie—behaviont
focusing—on—<changesin-income and expenditure. UsingnationallyrepresentativeWe link data
from the Household Economic Survey (HES) Hnked-to-measures—ofto administrative address
histories and meshblock-level earthquake intensity, sweand implement a propensity-score-
matched difference-in-differences (PSM-DiD) design comparing pre—and—pest-earthquake
outeomesforearthquake-affeeted-exposed Canterbury households with a-atehed-comparison
sroup—Wefind-that,relative to-matched eomparisenNorth Island households;. We find that total
and regular household income #a-increase by approximately 7.000-7.900 New Zealand Dollars
(NZD) in both low- and high-intensity areas—inereases—by—abeutNZD—7-600—in—the—post
earthguakeperiod=. Total expenditure shows no clear average DiD effect, but expenditureits

composition shifts-markedly:changes substantially. In high-intensity areas, receipts and refunds,

whieh-eaptarean HES category that includes insurance reimbursements and related inflows, more

than double, andwhile spending on general insurance, transportation, telecommunications, diary-

recorded day-to-day
travelpurchases, fees and subscriptions;-and-secial-insuraneecontributions—Additional-analysis

shows—that also increases. Expenditure responses are broader among above-median-income

households thatreloeated-eutofthan among below-median-income households. Households later

observed outside Canterbury faced-substantially-higherhave housing costs faround NZD 25,000}
higher and {ewer-mortgage and loan repayments{payments around NZD 9,500)600 lower than

households that remainedremain, while average—ineemesconditional income differences are
stmilar—aeross—the—two—groupsstatistically insignificant. These findings previde—evidence—on
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post-disaster finanetal—support—soeial—seeurity—destgnsincome growth can coexist with

heterogeneous recovery costs and the-management-of pepulation-movementssubstantial changes

in household expenditure.

1. Introduction

Disasters such as earthquakes, floods, and cyclones impose large and persistent economic costs.
Beyond damage to housing and infrastructure, major shocks disrupt employment, reallocate
income sources, and force difficult choices about consumption, saving, and relocation.
Understanding these household-level adjustments is essential for evaluating disaster relief, social

protection, insurance arrangements, and the incidence of disaster-related losses.

The 2010— - 2011 Canterbury earthquakes in New Zealand provide a stark

iHastration-particularly informative setting. A sequence of major earthquakes caused extensive

residential damage, prompted large-scale redland-zoning decisions and demolition, and triggered
an unprecedented reconstruction programme in and around Christchurch. The institutional
environment was also distinctive: residential insurance coverage was rear—universalwidespread,
public and private compensation flows were sizablesubstantial, and the rebuild generated strong
local labour demand over several years. Together, these features make the Canterbury
earthquakes an informative case for studying how households adjust income and expenditure

after a large but geographically concentrated shock.

A substantial macroeconomic and regional literature has documented how disasters affect
aggregate output and local growth. Cross-country and regional studies find persistent level losses
alongside reconstruction-driven beemsexpansions, with heterogeneeus—effects  varying
considerably across events and locations (e.g. Cavallo et al., 2013; Noy and duPont, 2018). More
recent work using quasi-experimental designs and high-resolution data has refined estimates of

local impacts and recovery dynamics (Bube-et-al—2623%-Roth Tran & Wilson, 2025). Using

municipality-level panels and a synthetic--control design, duPont et al. (2015) document long-

lived regional economic costs after the Kobe earthquake, consistent with persistent economic
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scarring. These perspectives, however, are—targely—silentprovide limited evidence on how

aggregate recovery patterns map-entetranslate into household behaviour and welfare.

Household- and individual-level evidence remains comparatively limited-—t-S-—studies-folowing

HurricaneKatrina—and—other—events—documentsharp, but existing studies demonstrate that

recovery paths can diverge sharply across households and institutional settings. Carter et al.

(2007) show that severe environmental shocks can generate persistent asset losses and poverty-

trap dynamics among vulnerable households in Ethiopia and Honduras. By contrast, Gignoux

and Menéndez (2016) find that earthquake-exposed households in rural Indonesia experienced

short-run economic losses followed by medium-run recovery and, in some cases, longer-run

income and welfare gains. U.S. studies following Hurricane Katrina and other disasters

document substantial changes in migration, labour supply, and income trajectories, with

outcomes varying across demographic groups and locations (Groen and Polivka, 2010;

Deryugina et al., 2018). Work on household balance sheets and credit markets further shows that
disasters can trigger substantial portfolio re-optimisation, withinvolving interactions
betweenamong insurance, debt, and government transfers that are largely invisible in

maeremacroeconomic aggregates (Gallagher and Hartley, 2017). Yet-there-is-stitNevertheless

relatively little evidence exists on how disasters reshape the composition of household spending

across detailed categories, including essentials;—heusine—eosts,—and —insuranee—related

flewsroutine consumption, housing costs, insurance-related flows, debt repayment, and

retirement saving. An additional limitation of much of the existing literature is that insurance

settlements and other compensatory inflows are often combined with household income or are

not observed separately. The HES allows us to distinguish regular household income from

receipts and refunds recorded in the expenditure accounts, a category that includes insurance

reimbursements and related inflows.

For New Zealand, mieremicroeconomic evidence on the Canterbury earthquakes has begun to
emerge. Existing research documents sraeremacroeconomic and sectoral consequences of the
rebuild, including construction-led productivity gains and the reallocation of economic activity
within Christchurch (Parker and Steenkamp, 2012; Wood et al., 2016). More recent work uses

administrative microdata to track individual incomes and labour-market trajectories in the
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affected region, highlighting heterogeneous impacts across sectors and along the income
distribution (Abdeljawad and Noy, 2025a, 2025b). However, this literature does not directly
analyse household-level income and expenditure responses using nationally representative
survey data, nor does it examine in detail how the composition of spending changes across

expenditure categories and household types.

This paper addresses three questions. First, did the Canterbury earthquakes change household
income and the composition of spendingexpenditure for households located in exposed areas
relative to matched households in comparable unexposed areas? Second, how did these
responses vary across the income distribution and with earthquake intensity within Canterbury?
Third, how did income and expenditure respensesoutcomes differ between households that

remained in Canterbury and those that relocated elsewhere after the earthquakes?

To answer these questions, we link the Household Economic Survey (HES) to administrative

data within the Integrated Data Infrastructure (IDI). The HES component is analysed as a

repeated cross-section, and we compare changes in average household outcomes across survey

waves. Using hlandRevenuelinked administrative address histories and meshblock-level
Modified Mercalli Intensity (MMb-measures, we define—expesedidentify households whose
reference person lived in Canterbury at the time of the earthquakes and construct a matched
comparison group eutside-Canterbury-from households that consistently resided in the North

Island. Propensity—-score matching balances—pre-earthgquakeecharaeteristies;and-is conducted

separately within each survey wave. We then implement a difference-in-differences design—,

supplemented by an-event-study speeification—eemparesspecifications and joint pre-trend tests,
to compare pre- and post-earthquake outcomes while-explottingvariation-over time-and-across

intensttylevelsexposure groups.

The main results are as follows. Heuseholdincomes—in—the-most-severelyaffected parts—of
Canterbury-inereased-Both total household income and regular household income increased for

earthquake-exposed Canterbury households relative to the matched comparison group-in-the

. The estimated

effects are similar in magnitude in the low- and high-intensity groups, suggesting that the income
response reflects broader regional recovery and reconstruction petiod;-atongside-disaster-related

4
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dynamics rather than a simple linear relationship between local ground-shaking intensity and

household income.

Total household expenditure shows no clear average Dibdifference-in-differences effect;-but.
However, expenditure composition shifts—markedly—Hish-income—households—inchanges
substantially. In high-intensity areas—inerease—spending—en—, significant increases appear in
receipts and refunds, general insurance, transportation, travel—fees-and-subseriptions;and-seoeial

entelecommunications, diary—tems—-es—items—recorded via—the HEStwo—week—expenditure

darv—tarceh—smat-day-to-day purchascsi—\s-expected—itsuranecpayoutsandremnbuisentents,
fees and subscriptions, education, recreation, sport and culture, and household maintenance.

Housing costs increase significantly in low-intensity areas, while fees and subscriptions increase

forin both income-groups;with-amarkedly larger rise-among highintensity groups. These results

indicate that households adjusted through multiple channels, including insurance and

reimbursement activity, routine consumption, mobility, communication, housing and

maintenance expenditure, and subscription- and service-related spending.

The composition of adjustment also differs markedly by household income. Above-median-

income households—_exhibit relatively broad expenditure responses across insurance-related

flows, housing and maintenance, telecommunications, miscellaneous payments, and fees and

subscriptions. Below-median-income households show a narrower pattern, with significant

changes concentrated in receipts and refunds, medical and health expenditure, diary-recorded

purchases, and travel. Insurance- and refund-related entries increase for both income groups, but

the estimated response is substantially larger among above-median-income households,

consistent with differences in asset ownership, insurance depth, and claim size.

Finally, among exposed households, those thatrelecate-out-oflater observed outside Canterbury

face substantially higher housing costs and lower mortgage and loan repaymentsexpenditure than
thesehouseholds that remain;-eenditional-on-ebservable-charaeteristies-sueh-as—_in the region.

Conditional on age, sex, and household size, average-incomes-are-similaracross-the two groups

do not differ significantly in total income, regular income, or total expenditure. Because
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relocation is self-selected, these estimates are interpreted as descriptive conditional associations

rather than causal effects of migration.

This paper contributes to the disaster and household-finance literatures in three ways. First, it

provides new eausalquasi-experimental evidence on household income and expenditure

following the Canterbury

carthquakes

using nationally representative mierodata;—complementingsurvey data linked to administrative

residential histories. This complements existing maeremacroeconomic and individual-level

administrative studies—Seeend; by

examining

adjustmentchannels—and-distributional consequeneces—aeross—changes at the household types-

Second, by disaggregating expenditure into detailed categories and examining heterogeneity by

income, earthquake intensity, and migration status, the paper identifies adjustment mechanisms

that are obscured by aggregate measures of income and total expenditure. In particular, it

distinguishes regular household income from receipts and refunds recorded separately in the

HES. including insurance reimbursements and related compensatory inflows. This distinction

helps separate labour-market and recurring-income responses from insurance- and

compensation-related financial flows, while also identifying changes in routine consumption

housing expenditure, mobility costs, debt commitments, and longer-term financial contributions.

Third, the paper illustrates how repeated cross-sectional survey data can be combined with

administrative records, geographically detailed hazard measures, propensity-score matching, and

difference-in-differences methods to study geographically localised shocks. The approach to

reconstructing pre-disaster residence from multiple linked address sources is also applicable to

other household-level research conducted within the IDI.

The remainder of the paper is structured as follows. Section 2 presents the empirical strategy,

including the difference-in-differences framework, the-event-study-speeification;-the-propensity
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-score  matching procedure, event-study specification, and the—identification

assumptions-alternative weighting estimator. Section 3 describes the data sources and linkage,

euthnes-the construction of the treatment and eentrelcomparison groups-usingaddress-histories,
and earthquake-intensity-measures,and-defines-the key-the income and expenditure outcomes.
Section 4 reports descriptive evidence on pre—and—pest-earthguake—patterns—n—household
characteristics, income, and—spending—and—deecuments—exposure—gradients—by
intenstty-expenditure, and post-earthquake relocation. Section 5 presents the main eausal
estimates—and, heterogeneity analyses—by—ineome—group,—earthquake—intensity—and—pest
earthquake —misration—status;—alensside—, and robustness checks. Section 6 discusses
interpretationthe findings and limitations;—draws—peliey—tmplications;—and-—eceoneludes_before

concluding.

2. Methodology

2.1 Difference-in-differences

Difference-in-differences (DiD) is a widely used econometric design for estimating the causal
effects of policy changes or exogenous shocks on outcomes of interest when randomised
controlled trials are infeasible. The basic idea is to compare changes in outcomes over time for
an exposed (treated) group relative to a suitable comparison (control) group, thereby netting out
time-invariant differences between groups and shocks common to all units in a given period

(Wing et al., 2018)._

The HES is analysed as a repeated cross-section rather than a household panel. The index i

therefore denotes households observed in survey wave t, not the same household followed over

time. The DiD estimator compares changes in average outcomes for exposed and matched

comparison households across waves. In this study, we use DiD to estimate the causal impact of

the 2010 - 2011 Canterbury earthquake sequence on household income and expenditure. We
treat the earthquakes as an exogenous shock and exploit cross-regional variation in earthquake

intensity to classify households into exposure groups. By interacting this intensity-based
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exposure measure with an indicator for the post-earthquake period, we estimate how household

income and expenditure evolved with different levels of seismic exposure.

The conventional DiD approach relies on the parallel trends assumption: in the absence of the
shock, exposed and comparison households would have followed similar trajectories over time.
Under this assumption, the difference in changes between the two groups can be interpreted as
the causal effect of the earthquakes (Angrist and Pischke, 2009). In our empirical specifications,
we include region fixed effects and year fixed effects to account for time-invariant regional

characteristics and year-specific shocks shared by all households.

Finally, because disaster impacts plausibly vary with exposure intensity, we follow recent
contributions in the disaster economics literature and incorporate earthquake intensity into
heterogeneous DiD specifications (e.g. Abdeljawad and Noy, 2625a2025b). Specifically, we
interact earthquake intensity with the post-earthquake indicator to estimate how the effects on

household income and expenditure differ across intensity levels.
In summary, the regression model adopted in this study takes the following form:

¥V = a + f1(LowMMI; X Post,) + B,(HighMMI; X Post,) +yAges+y-HHSizexr+

e Xity + A +€

e +ee (D)

Here,¥;Y;,; denotes the outcome (dependent) variables, including Total Household Expenditure,
Total Household Income, Total Household Regular Income and different expenditure categories,
whereiindexes HES households andtindexes survey years.LowMMI;and HighMM I;are—are

indieatersforidentify treated Canterbury households leeated-in meshblocksassigned-te-the low-

and high-intensity sreupscategories, respectively. The omitted category eomprises-households
inunexposed-meshbloeks-(MMI=0y;is the matched North Island comparison group, so f; and

B, are interpreted relative to the unexposed baseline. Post; is a post-earthquake dummy

variable, taking the value of 1 for the years 2011/12 and onward, and 0 otherwise. Age;denetes

the—age—ofthe-houschold retference person—and —HHS ize+—denotes(For total and detailed

expenditure outcomes, the first available post-earthquake full-expenditure wave is 2012/13

because the full expenditure module is only available in 2006/07, 2009/10, 2012/13 and 2015/16.)
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X;¢ includes the age of the household reference person, age squared, the reference person's sex

and household size.

The regression model controls for year fixed effects A; and region fixed effects tt/t,, Where
the regions are defined at the Territorial Authority (TA) level, in order to account for spatial
correlation and regional heterogeneity. To ensure robustness in statistical inference, standard
errors are clustered at the TA level to adjust for potential intra-regional correlation in household

income and expenditure outcomes (Bertrand et al., 2004).

2.2 Propensity score matching

To improve the control group's suitability as a counterfactual to the earthquake-affected
households group, we construct a control group that closely resembles the earthquake-treated

group in terms of observable pre-earthguake-houschold characteristics that are predetermined or

slow-moving relative to the earthquake shock. This facilitates a more credible assessment of the

causal effects of the earthquakes on household income and expenditure. Following standard
practice in the disaster economics literature (Bondonio & Greenbaum, 2018; Yan, Zhou & Qi,

2025), we employ PSM to select an appropriate control sample.

To respect the Stable Unit Treatment Value Assumption (SUTVA), in particular its no-
interference component, which requires that treatment effects on treated units do not spill over
to control units, we restrict attention to households that were never exposed to the Canterbury
earthquake sequence. We draw on existing research indicating that the impacts of the
earthquakes were largely confined to the Canterbury region and its immediate surroundings
(Parker & Steenkamp, 2012; Wood et al., 2016). Accordingly, when constructing the control
group we exclude all households located in the South Island, as well as those that had migrated
out of the Canterbury region. The control pool therefore consists only of households that

consistently resided in the North Island over the sample period.

During the matching stage, we estimate each heusehold'shousehold’s propensity to reside—in

Christehurehbelong to the Canterbury treated group in 2010 using a logit model based on key

pre-earthquake demographic characteristics. Specifically, the propensity score p; for household

i is obtained from the following logit specification:
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1+eXif

Pr(Di=11X)=p; =

2

where D;=1 if household i was located in Canterbury in 2010, and D,=0 if it was located in
the North Island. The vector X; contains pre-earthquake household-level covariates. On the
basis of the estimated propensity scores, we implement 1:2 nearest-neighbour matching without
replacement, matching each treated household with two North Island households that serve as

control observations.

To enhance matching quality, we impose a strict caliper restriction (caliper = 0.2) on the
propensity score distance to ensure a high degree of similarity in the covariate space for variables
unlikely to be influenced by the earthquakes, including the age of the household reference person,
household size, the reference person's gender, and their highest educational qualification.
Moreover, all matches are required to fall within the same survey year in order to eliminate

potential confounding arising from inter-year variation (Austin, 2011a).

To evaluate the quality of the matching, we assess covariate balance for each survey year from
2006/07 to 2017/18 using two standard diagnostics: the standardized mean difference (SMD)
and the variance ratio (VR). Across all years, the matched samples satisfy commonly used
balance criteria: all SMD values are below 0.1 and the variance ratios for continuous variables
are below 2 (see Appendix B), indicating a high level of covariate balance and satisfactory

matching performance (Stuart, 2010).

On this basis, we obtain a high-quality control group pool that underpins the subsequent DiD
estimates and strengthens the identification of the causal effects of the Canterbury earthquakes
on household income and expenditure. Table 1 reports, for each survey year, the number of
treated households, the size of the eligible control pool used for matching, and the final number
of matched control households selected through PSM. These figures confirm that efficient

matching was consistently achieved across all years (Austin, 201 1a; Austin, 201 1b; Stuart, 2010).

Table 1. Sample sizes of treated households, eligible control pool, and matched controls by

survey year
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SurveyYea Treated Eligible control Matched control “
r Households pool households
2006/07 417 1512 831
2007/08 462 1917 924
2008/09 459 1887 921
2009/10 432 1692 867
2010/11 432 1971 867
2011/12 486 1938 972
2012/13 411 1608 822
2013/14 438 1896 873
2014/15 705 3135 1407
2015/16 420 1995 840
2016/17 456 2118 909
2017/18 633 3165 1263

Besides, because matching is conducted separately within each survey wave, treated households

are_compared with contemporaneously matched controls rather than with a single pooled

comparison group. To further assess whether compositional changes across waves threaten

identification, we estimate pseudo-outcome balance tests using key household characteristics

and broad household-composition categories as outcomes. The Treat X Post coefficients are

small and statistically insignificant for the main covariates and for broad household-composition

groups, suggesting that the matched treated and control samples do not exhibit systematic

differential compositional shifts after the earthquakes. The four-cell means and pseudo-outcome

tests are reported in Appendix B.

2.3 Examining the parallel trends assumption

A key assumption of the DiD design is that, in the absence of the earthquake shock, treated and
control groups would have followed parallel trends. To assess this assumption, we estimate an

event-study specification that traces the dynamic effects before and after the earthquakes.

In this specification, we interact the treatment-group indicator with a full set of year dummies,
using 2006/07 as the omitted (base) year. This allows us to recover the trajectory of treatment
effects over time. The regressions control for key household covariates, including the age, age
squared, sex of the reference person, and household size, and include two-way fixed effects for

1
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year and region. Robust standard errors are clustered at the territorial authority level to account

for within-area correlation in the error terms and to ensure valid inference.

It is important to note that each wave of the HES runs from July of one year to June of the next,
and is therefore labelled as a "cross-year" survey. For example, "2006/07" refers to interviews
conducted between July 2006 and June 2007. Although the magnitude 7.1 earthquake on 4
September 2010 was substantial, the most severe destruction resulted from the major aftershock
on 22 February 2011, which caused extensive loss of life and property and had a shallower

epicentre much closer to the Christchurch city centre.

The 22 February 2011 event severely disrupted data collection. For instance, the 2011 Census,
originally scheduled for March 2011 (shortly after the most damaging earthquake), was
postponed to 2013. Many of the most severely affected households were therefore not captured
in the 2010/11 HES wave. In this study, we accordingly classify the 2006/07 - 2010/11 survey
waves as the pre-earthquake period and the 2011/12 - 2017/18 waves as the post-earthquake

period.

Furthermore, documentation from Stats NZ indicates substantial differences in how expenditure
data were collected across HES waves. In the 2006/07, 2009/10, 2012/13 and 2015/16 waves,
the total household expenditure variable aggregates spending across all categories. In the
remaining waves, however, this variable covers only housing-related costs, such as rent,
mortgage payments, local authority rates and building insurance. As a result, comparability in
total expenditure across waves is limited and the series is affected by changes in data-collection
methods and sampling design. Given these inconsistencies, we restrict our analysis of total

household expenditure to the 2006/07, 2009/10, 2012/13 and 2015/16 waves.

Appendix C presents event-study pletsestimates for total household income, regular household

income, and total household expenditure. $aFor the five-income outcomes, the omitted reference

period is 2006/07, and the pre-earthquake waves(2006/07=201+0-H1)the-estimatedinteraction
coefficients for-all-three-outeomescorrespond to the 2007/08. 2008/09, 2009/10, and 2010/11

survey waves. These coefficients fluctuate around zero and their—confidence—intervals

consistently-inelude-are individually imprecisely estimated. Joint Wald tests also fail to reject
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the null hypothesis that the four pre-earthquake coefficients are jointly equal to zero-indieating

no-systematiepre-trends-and-supperting-the-validity for total household income (p=0.814) and

regular household income (p=0.624).

For total household expenditure, comparable full-expenditure data are available only in 2006/07,
2009/10, 2012/13, and 2015/16. The pre-earthquake comparison is therefore limited to the

2009/10 interaction coefficient relative to the 2006/07 reference wave. This coefficient is not

statistically significant, and the corresponding Wald test fails to reject the null of the-paratel
trends—assumptionno pre-earthquake difference (p=0.544). Because only one comparable pre-

earthquake expenditure coefficient is available, the evidence for expenditure is necessarily

weaker than for the two income outcomes.

Taken together, Figures—C1-C3—presentthe event-study estimates that-net-only—eonfirm-the

validity—efand joint pre-trend tests provide supportive evidence for the parallel—trends

assumption—in—the—pre. The post-earthquake periodsincome coefficients become positive in

several later survey waves, while the total-expenditure coefficients remain positive but alse

reveal-a-canonicalimprecisely estimated.

2.4 Alternative weighting estimator: ATT-IPW robustness check

As an additional robustness check, we estimate an inverse-probability-weighted DiD pattern

Auter,—2003:—Clarke—& Tapia-Sehythe;202):specification targeting the average treatment
effect on the treated greup—experiences—systematic—and—statisteally—sisnifieant(ATT). This

exercise assesses whether the main PSM-DiD results are sensitive to the nearest-neighbour

matching procedure and to the exclusion of unmatched comparison households.

The ATT-IPW estimator uses the same treated group and eligible North Island control pool as

the baseline design. However, instead of selecting a matched subset of control households, it

retains the full eligible comparison pool and reweights control households according to their

estimated propensity scores. This provides a complementary estimator: the baseline PSM

specification compares treated households with close contemporaneous controls, while the ATT-

IPW _specification uses a broader comparison sample but gives greater weight to control

households that are more similar to the treated group.
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For the ATT-IPW specification, we estimate propensity scores using an augmented version of

the core balancing covariates, including the age of the household reference person, age squared,

household size, the reference person's sex, and highest educational qualification. In richer

robustness specifications, we also include housing tenure and broad household-composition

categories.

For the ATT-IPW estimator, treated households receive weight one, while control households

receive weights proportional to:

I C.0))
t 1-e(X;)'

3

where e(X;)_is the estimated propensity score. The weighted control group is therefore

reweighted to resemble the distribution of observed covariates among treated households. We

then estimate the same DiD outcome specification as in Section 2.1, using these ATT-IPW

weights. Standard errors are clustered at the Territorial Authority level, as in the main analysis.

For total household expenditure and detailed expenditure categories, the ATT-IPW specification

follows the same sample restriction as the baseline expenditure analysis: only the full-

expenditure HES waves, namely 2006/07, 2009/10. 2012/13 and 2015/16. are used. Income

outcomes are estimated using all annual HES waves from 2006/07 to 2017/18.

We report the ATT-IPW estimates as an appendix robustness check rather than as the preferred

baseline estimator. The baseline PSM-DiD design offers a more transparent comparison between

treated households and close contemporaneous controls within each survey wave, while the

ATT-IPW estimator relies more heavily on model-based reweighting of the full eligible control

pool. Nevertheless, ATT-IPW is useful for assessing whether the estimated effects are driven by

the specific matching algorithm or by the exclusion of unmatched control households.

To evaluate the ATT-IPW specification, we conduct three diagnostic checks. First, we examine

covariate balance after weighting using standardized mean differences and variance ratios.

Second, we inspect the distribution of estimated weights to assess whether the results are driven

by extreme weights or weak common support. Third, we compare the main PSM-DiD estimates

with a sequence of bridge specifications that progressively move from the baseline PSM model
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to the full ATT-IPW model. This bridge exercise helps identify whether changes in ineeme-and

statistical precision arise from additional covariate controls, the use of a larger control pool, or

the weighting estimator itself.

The ATT-IPW estimates should therefore be interpreted as a complementary robustness exercise.

When the ATT-IPW coefficients remain similar in sign and magnitude to the PSM-DiD

estimates but are less precisely estimated, this suggests that the substantive interpretation of the

results is not driven by the baseline matching procedure, even though statistical precision varies

across estimators.

3. Data

3.1 Data sources and treated group identification-methed

The Household Economic Survey is a nationwide survey conducted annually by Stats NZ to
measure households' economic conditions, including income, housing costs and living
expenditures. Information on total household income and regular income is collected every year.
By contrast, the full expenditure module is fielded only once every three years: in the 2006/07,
2009/10, 2012/13 and 2015/16 waves. In the remaining years, the annual questionnaire covers
income and housing costs only. Accordingly, our analysis of detailed expenditure relies

exclusively on these four waves. Because HES households are not followed as a balanced panel,

we treat the survey as a repeated cross-section. The household observations in different waves

should therefore be interpreted as wave-specific samples rather than repeated observations of the

same households.

A key challenge in identifying the impact of the earthquakes lies in defining the treated group,
households that were residing in the Canterbury region at the time of the earthquakes and were
therefore directly exposed to the seismic shock. Because households may have relocated for
various reasons before or after the earthquakes, the residential address recorded in the HES when

the survey was conducted does not necessarily reflect their location at the time of the disaster.
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To address this, we combine multiple administrative data sources to reconstruct the residential

history of each household reference person over time.

Specifically, each household reference person in the HES sample is linked, via their unique
identifier (snz_uid), to address records from five administrative sources: Inland Revenue (IR),
Accident Compensation Corporation (ACC), the Ministry of Social Development (MSD), the
Household Labour Force Survey (HLFS) and the cross-agency address notification dataset
(address_notify). The address reference period is defined as 1 January 2010 to 22 February
2011 —the date of the main earthquake —hereafter referred to as the ‘treated—periodpre-

earthquake address "reference window"!.

By combining administrative address data with residential information from the HES survey

year, we classify all sample households into four groups.

Group 1 consists of households whose HES survey address is in Canterbury and whose last
registered administrative address prior to the earthquakes is also in Canterbury. These
households were living in the affected area both before the earthquakes and at the time of the
survey, and are therefore included in the treated group. For around 20% of household reference
persons, the region code of their most recent pre-earthquake address is missing. In these cases,
if the most recent non-missing pre-earthquake address and the first post-earthquake address are
located in the same meshblock in Canterbury, we also classify the household as having resided

in Canterbury at the time of the earthquakes and allocate it to Group 1.

Group 2 comprises households whose HES survey address is outside Canterbury but whose last
administrative address prior to the earthquakes is in Canterbury. These households are treated as
part of the treated group unless there is clear evidence that they had relocated before the

earthquakes. Specifically, a small number of Group 2 households whose HES interview date

1The IR dataset records only address changes and does not include observations when an address remains unchanged.
As a result, households that stayed at the same address throughout the treated-periedaddress reference window would
not have any corresponding record in the IR systemforsystem for the treated-periedaddress reference window, which
may lead to the erroneous exclusion of households that were in fact stably residing in the Canterbury region during
this period. To mitigate this potential bias, we relax the address timestamp requirement for cases in which address
information is available only from the IR source and is absent from all other sources. For these IR-only cases, we
extend the acceptable timeframe for the most recent address record back to 1 January 2000, effectively retaining p
te-tenmore than eleven years of historical address data in order to recover pre-earthquake residential information as
accurately as possible.
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falls after the date of their last administrative address record and whose HES survey address is
outside Canterbury are excluded from the treated group, as they are likely to have moved out of

Canterbury before the earthquakes. The remaining Group 2 households are retained because the

linked address information indicates Canterbury residence immediately before the earthquakes,

even though they are later observed outside Canterbury in the HES.

Group 3 comprises households whose HES survey address is in Canterbury but whose last
administrative address prior to the earthquakes is outside Canterbury. These households are
likely to be post-quake in-migrants to the earthquake-affected region, and are therefore excluded

from the treated and control groups.

Group 4 includes households whose HES survey address and pre-earthquake administrative
address are both outside Canterbury. These households were not directly exposed to the disaster
and are included in the control-group pool if they resided in the North Island (and excluded

altogether if they resided in the South Island).

Under this classification, the treated group consists only of households for which there is reliable
evidence that the reference person resided in Canterbury at the time of the earthquakes, while
the control group comprises households that have never been recorded as living in Canterbury

in any of the linked address sources.

Group sizes vary across waves. Group 1 includes 387-648 households per wave; Groups 2 and
3 are small (typically 12-66 and 12-63 households, respectively; suppressed in some waves); and
Group 4 is the largest group (1,890-3,774 households per wave). The full year-by-year

distribution is reported in Table A.1 Appendix A.

3.2 Analysis of missing address rates

Despite linking HES records to multiple administrative datasets, pre-earthquake addresses
cannot be recovered for a non-trivial share of households. Across survey waves, the share of
reference persons with no usable pre-earthquake address record ranges from about 15 to 19
percent, with no evidence of a systematic time trend. This suggests that the missing-address

problem is persistent but relatively stable over time, rather than being driven by earthquake-
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related disruptions in a particular survey year. Table A.2 in Appendix A reports the year-by-year

unmatched rates.

To assess whether these missing-address rates primarily reflect limitations of our linkage
procedure or more general structural features of the underlying data, we perform a parallel
exercise using the 2013 Census. Linking Census records to Inland Revenue address histories
yields unmatched rates of roughly 11 to 23 percent across HES survey years, a pattern that is
very similar in magnitude and timing to the rates observed for the HES sample itself (Table A.3
in Appendix A). This close correspondence suggests that the missing-address problem is largely
driven by the nature of the administrative address data, rather than by the specific way in which

HES records were linked.

Further analysis and discussions with Stats NZ indicate that the unmatched cases can be broadly
divided into two groups. The first consists of young adults whose address histories are genuinely
short or incomplete: in the HES these reference persons are often under age 22, have recently
left the parental home, and are still transitioning between study and work, so that few reliable
historical addresses are available. The second group comprises hard-to-track individuals,
including those with very frequent moves, intermittent labour-market attachment, or periods of
living overseas. These individuals are systematically more likely to have missing or inconsistent

address records in both administrative data and Census linkages.

The fact that similar unmatched rates are observed in both the HES-linked sample and the
standalone Census linkage, and that the unmatched cases cluster in these two specific
demographic groups, increases confidence that the missing-address issue does not introduce
arbitrary selection into the treated and control groups. While non-random missingness at the
extreme margins cannot be ruled out, the patterns are logically coherent and consistent across
multiple data sources and survey waves. ThissaggestsThese patterns reduce, although they do
not eliminate, concerns that the-rematning-missing- address eases-do-notpose-a-substantial-threat
to-the-validity-of thestudy's-eonechastonshistories are driving the main results.

3.3 Variable definition and construction
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The level of earthquake intensity experienced by each household is measured using the MMI
scale. To capture earthquake exposure, we utilise high-resolution seismic observation data for
the February 2011 earthquake provided by New Zealand'sZealand’s national earthquake
monitoring agency, GeoNet. These data are spatially overlaid with meshblock boundaries, small
geographic units defined by Stats NZ, to construct a meshblock-level map of maximum ground-
shaking intensity. Each household in the sample is then matched to its corresponding meshblock,
yielding a household-level MMI value that serves as the key treatment-intensity indicator in our

earthquake-exposure-heterogeneity analysis.

Earthquake exposure is categorised te-threesreups:among treated Canterbury households i
meshbloeks—withusing meshblock-level MMI——4—are—assigned—to—the—eontrelgroup;. To

distinguish substantively meaningful shaking from very weak exposure, we exclude treated

households with MMI values below 4. This lower bound is consistent with earthquake early-

warning research that evaluates operational target intensities beginning at approximately MMI
4 - 4.5 (Saunders et al., 2022). Among the remaining treated households, those with MMI values
in the range [4, 7) form the low-intensity group:and, while those with MMI=_= 7 form the
high-intensity group. Fhis—elassifieation—{folows—practicalthresholds—eommeonly—ased—nThe

threshold at MMI 7 is consistent with the €i

and-these-with-petentialhysevereNew Zealand MMI scale: MMI 4 is generally noticed indoors

whereas MMI 7 is associated with general alarm, difficulty standing, movement of furniture, and

more substantial physical damage (GeoNet, n.d.). The terms “low” and “high” therefore describe

relative exposure within the treated Canterbury sample. The comparison group consists of

matched North Island households that were not exposed to the Canterbury earthquake sequence

and serves as the omitted category in the DiD specifications.

Although all treated-group households are identified from administrative records as residing in
the Canterbury region prior to the earthquakes, the number of households that can ultimately be
matched to MMI intensity data is slightly smaller than the total treated group. This reflects two

main factors, discussed below.
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First, a small number of households that are classified as treated based on their Canterbury
residence are located in meshblocks with MMI values below 4, reflecting greaterdistancefrom
the-earthquake's-epicentre:-lower modelled ground-shaking intensity. Second, some households
have confirmed pre-earthquake administrative addresses in Canterbury but lack corresponding
meshblock-level geographic identifiers. For these units, no precise spatial match can be
performed and no MMI value can be assigned. Together, these two subsets account for only a
small fraction of the treated group and are excluded solely from the heterogeneity analysis

conducted later in the study.
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Figure 1. Meshblock-level earthquake intensity (MMI) in Christchurch City

Note: The figure displays a meshblock-level map of maximum Modified Mercalli Intensity (MMI) for the 22 February

2011 earthquake, constructed using shaking data from GeoNet and meshblock boundaries from Stats NZ. Darker

shading indicates higher earthquake-intensity-and-thus-closer proximityto-the-epicentre-stronger ground shaking. The

location-of the 22 February-20141 epicentre is marked with a blue asterisk.
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In addition to earthquake intensity, we also consider heusehelds'households’ homeownership
status as a supplementary indicator of economic stability and post-disaster recovery capacity.
We construct a binary variable with two categories: "owned/trust", which includes dwellings
directly owned by household members or held through a family trust (a relatively common
arrangement in Aotearoa New Zealand); and "rented", which includes market rentals, public or

social housing, and other non-ownership occupancy arrangements.

This distinction is particularly important in the context of disaster resilience. Existing studies
show that homeowners typically possess more assets and have better access to credit, which
supports stronger recovery resilience and a greater capacity to mobilise resources following a

disaster (Sawada & Shimizutani, 2008). By contrast, renting households are more likely to face

liquidity constraints and housing insecurity, potentially limiting their ability to adjust economic

behaviour in response to shocks. Hehidinghomeownership-status—as—a—controlvariable—thus

in-disaster-impaets-aeross-differentforms-of property-tenureWe use this variable to describe pre-

existing differences in housing stability and as an additional control in the robustness

specifications. In specifications where tenure is included as an additional control, results should

be interpreted as conditional on this housing-status dimension.

For the expenditure analysis, we follow the HES classification and divide total household
expenditure into 18 categories that together cover both routine and longer-term expenses. These
categories are: domestic fuel and power; housing costs; receipts and refunds; general insurance;
miscellaneous payments; mortgages and loans; other property; transportation; retirement-

savings and contribution schemes; medical and health; diary-{expenditure-diary-items);-recorded

day-to-day purchases; travel; telecommunications; fees and subscriptions; education, recreation,

sport and culture; household operations; household maintenance; and credit and debit accounts.
As discussed in Section 2.3, the definition of total household expenditure differs across HES
waves; we therefore restrict total-expenditure analyses to 2006/07, 2009/10, 2012/13 and

2015/16.

It is important to note that the HES employs three different data-collection methods for different

types of expenditure:
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1. Expenditure diary: Respondents record each-small and easily forgotten purehasepurchases

over aseven consecutive 7-day-—peried-{days, with the diary to be completed within 14 days)-

ies. We use the

annualised diary-derived expenditure values supplied in the HES. According to the HES

documentation, these amounts are annualised using a-fixed factor of 26.07.

2. Expenditure questionnaire - most recent payment: This module is used for infrequent, periodic
or fixed large payments. Interviewers may verify bills on-site or ask respondents for immediate
estimates. Reported amounts are annualised using frequency-specific factors—for example,

weekly (X 52), fortnightly (X 26), monthly (X 12), annually (X 1) or every four weeks (X 13).

3. Expenditure questionnaire - past 12 months: This module retrospectively captures

expenditures that may have occurred sporadically over the previous year.

4. Descriptive StatistiesEvidence

To clarify the relationship between earthquake exposure and household economic characteristics,
the descriptive analysis is organised into two subsections: a cross-sectional comparison by
earthquake intensity and control-group status (Section 4.1), and an analysis of heterogeneity
within the treated group that compares households who remained in place with those who

relocated (Section 4.2). These descriptive comparisons are not interpreted causally; rather, they

provide context for the DiD estimates reported in Section 5.

In constructing the summary statistics, we treat variables as follows. The age of the reference
person and household size are reported as arithmetic means, as is standard in the descriptive-
statistics literature and because these variables are bounded and not driven by extreme outliers.
By contrast, total household income, regular income, total expenditure and housing expenditure
are summarised using medians to reduce the influence of outliers, sueh-asincluding very high-

net-worth-and-net-income households_and households with unusually low or negative reported

income.

For mortgages and loans, a large proportion of households report zero or missing values, so the

median is equal to zero in most years and provides little discriminatory power. We therefore
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report the mean for this variable, which better reflects the average level of mortgage and loan

payments among households with positive expenditure. This-approach-follows-standard practice

Ve

4.1 By earthquake intensity and control-group status

Table D.1 in Appendix D reports key characteristics of the sample across groups, including the
average age of the reference person, household size, the share of female reference persons, and
the homeownership rate. The high-intensity group (MMI=7) has a slightly lower average age
of the reference person than both the low-intensity and control groups (mean age: High = 51.5;
Low = 54.6; Control = 52.7). This pattern may reflect the greater presence of younger households
in central urban areas, which were also exposed to higher seismic intensity, but the differences

are modest and should be interpreted with caution.

There are more pronounced differences in homeownership status. Across all survey years, the
share of households that own their dwelling or hold it in a family trust is approximately 10
percentage points lower in the high-intensity group than in the low-intensity group, whereas the
differeneedifferences between the treated and matched control groups is—net—statistieally
stenifieantare less pronounced. This pattern is consistent with the concentration of rental housing
in central urban areas, which were also among the locations most severely affected by the 2011

earthquake (Kaiser et al., 2012).
4.2 Heterogeneity within the treated group: stayers versus relocators

To further explore differences in household responses to the earthquakes, we divide the treated
group into two categories. The "stay" group consists of households whose HES survey-year
address and last pre-earthquake administrative address are both located in the Canterbury region.
The "relocation" group comprises households whose post-earthquake HES survey address is

outside Canterbury, but whose last pre-earthquake administrative address was within the region’.

2 The relocation group does not exclusively represent post-earthquake out-migrants. By construction, it includes
households whose HES survey address lies outside Canterbury while their last administrative address prior to the
earthquakes is in Canterbury, and who therefore are treated as having been resident in the affected area immediately
before the disaster. There is a small subset of cases in which the HES interview date falls after the date of the last
recorded administrative address and the HES survey address is outside Canterbury. For these households, there is
evidence that they may have moved out of Canterbury before the earthquakes; we therefore exclude them from the
treated group to avoid misclassification.
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When defining relocation, we classify households based on the combination of their location at
the time of the earthquakes (using administrative address records for January 2010 - February
2011) and their location at the time of each HES interview. Households in the relocation group
are those whose reference person lived in Canterbury immediately before the earthquakes but
are later observed in HES interviews residing outside Canterbury. In contrast, the stayedstay
group comprises households whose reference person remained in Canterbury both at the time of
the earthquakes and at the time of interview. In the post-earthquake waves (2011/12 - 2017/18),
the relocation group therefore primarily captures households that moved out after the

earthquakes.

As shown in Table D.2 in Appendix D, the average age of reference persons in the stay group is
generally higher than in the relocation group across most survey years. This pattern suggests that
migration behaviour is more prevalent among relatively younger individuals, consistent with

international evidence on post-disaster migration (Fussell, 2015).

There are also sizeable differences in homeownership. In the post-earthquake years, the
homeownership rate in the stay group is generally around or above 70%, whereas in the
relocation group it fluctuates around 50%. This suggests that households remaining in
Canterbury tend to enjoy greater housing stability, while households that relocate are more likely

to be in rental or temporary accommodation.

In terms of income,

the-stay—greup—in—mest—years—indieatingthat-relocation households tend-to—facemorefrasile
income-conditions—The-have lower median income than stay households in several years and

exhibit larger dispersion in some waves. However, these descriptive differences should be

interpreted cautiously because the relocation group alse-exhibitslargerstandard-deviations—in
inecome;reflecting greater-income heterogeneityis small in many waves and migration is self-

selected.

For expenditure, the two groups display broadly similar medians in total and housing-related

spending across most years. However, there are pronounced differences in the mortgages-and-
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loans variable, with the stay group consistently reporting higher values. This pattern is consistent

with these households being more commonly owner-occupiers in the mortgage repayment phase.

Taken together, reloeationthe descriptive evidence suggests that relocated households display

weaker-economie-profiles-thandiffer from stay households in-mestsurvey—years—Regardless-of
whether-they-moved-before-or-along several dimensions, especially age, homeownership and

housing-related expenditure. These differences are consistent with selective mobility after the

earthquakes,

inseenrity—Whie-migration—isself-selected-and-thispattern—deesbut they should not #mplybe
interpreted as evidence that relocation itself eauses—anerability—it-doeshighlichtastrons

ntagecaused weaker economic outcomes,

5. Results

5.1 DiD Results for income

As shown in Table 2, both total household income and regular household income

increase signifieanthyfor households in high-intensityearthquake-exposed areas—On

average relative to the matched control group. For total household income, households

in these-areasthe low-intensity group experience an increase of around NZD 7,626043
in tetalincome(p-<0-05)-and-the post-earthquake period, while households in the high-
intensity group experience an increase of around NZD 7,426-inregutar-252. Both total-

income (p-—0+H-By-contrast—the-estimated-efectstorlow—intensibareaseslimales are
alse—pesitive—but—net-statistically significant_at the 5% level. For regular household

income, the estimated increase is around NZD 7,924 for the low-intensity group and

around NZD 7.412 for the high-intensity group. with the former statistically significant

at the 1% level and the latter at the 5% level.
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The specification reported in Table 2 includes age, age squared, the sex of the reference

person and household size as household-level controls. The positive income effects

observed in both low- and high-intensity areas suggest that post-earthquake income gains

were not confined only to the most severely shaken locations. The similarity in

magnitude between the low- and high-intensity estimates further suggests that the

income response may reflect broader regional recovery and reconstruction dynamics

rather than a strictly monotonic relationship between local shaking intensity and

household income gains.

Table 2. DiD results for total and regular household income

Variable Total Household Income  Total Regular Household Income
) 4799.547043.47% 5277.877924.42%* Formatted
MMI group:Low x Post (3022.602889.43) (2878-502673.83), 3
MMI group:High  Post 7626.42%%7251.79% 7426387411.86% \ . Lformatte
' (3444-673559.44) (3333-843286.86) Formatted Table
Age of reference person i ( 33217033? ) S)A '( 33:222';);1.27; \ Formatted
37 .83k 34.60%%* | Formatted
Age? 0% ‘
(3.03) (2.97) Formatted
Sex of reference person -11894.3677% -11689.347%% Formatted
(991.53) (944.59)
Houschold size 15328.4214074.52%** 14905.4613960.68*** Formatted
(683-80740.65), (66927718 .84), \ Formatted
Observations: 17,202193 \
Eidk pe < 0.05, ** p < 0.01, £Ep<GB5EF** p< < 04001

Each column reports coefficients from a separate DiD regression. Robust standard errors
clustered at the Territorial Authority (TA) level are in parentheses. Year and TA fixed effects

are included. The positive coefficient on age and the negative coefficient on age squared are

consistent with a concave life-cycle income profile, while the positive coefficient on household

size reflects the fact that larger households typically have more potential earners. The negative

coefficient on the sex of the reference person should be interpreted as a household-level

association, rather than as an individual-level gender effect, since it may capture broader

differences in household structure and income arrangements.

This pattern can be understood in light of the distinction between aggregate output measures and

household-level outcomes. Although disasters are often associated with output losses, regional
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GDP in Canterbury did not fall markedly after the earthquakes (Stats NZ, 2023b2023). In this
setting, a large reconstruction programme and related labour-demand effects provide a plausible
channel through which household incomes could rise in the post-earthquake period, particularly

in the years following the shock (e.g. Wood et al., 2016). The fact that regular household income

also increases supports the interpretation that labour-market and earnings-related channels are

likely to be important, rather than the results being driven solely by one-off compensation or

insurance-related inflows.

Second, post-disaster migration may affect the observed income distribution through
compositional change. In our linked-address classification, the treated group includes only
households for which there is reliable evidence that the reference person resided in Canterbury
at the time of the earthquakes (Groups 1 and 2), while likely post-earthquake in-migrants to
Canterbury are excluded (Group 3). As a result, migration-related compositional effects in our
estimates operate primarily through selective out-migration among pre-carthquake residents
{Greup-2yand differences between stayers and movers, rather than through in-migration into the

affected region. For example, if lower-income or more housing-insecure households arewere

more likely to leave Canterbury

median—income—amongtheseremaining—eanriseafter the earthquakes, the average observed

income profile of exposed households could change even without broad-based income gains-

with this possibility, Section 4.2 fand Appendix—D2)—decumentsTable D.2 document that

households observed outside Canterbury after the earthquakes tend to be younger; and less likely

to own their home;-and-to-have-weakerincomeprofiles than those who remain. As-Section 5.4

therefore examines stayers and relocators separately as a resul—the-medianincome—among

descriptive heterogeneity
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Existing literature provides complementary evidence on these mechanisms. Babe;Roth Tran and
Wilson (20232025) show that in the United States, per capita income in disaster-affected
counties increased by an average of 0.5% over the eight years following a disaster, with some
areas, such as those impacted by Hurricane Katrina, experiencing increases of more than 3%.
The mechanisms they highlight include job growth in construction and related sectors, higher
average wages, and inflows of insurance payouts and government reconstruction funds. These
mechanisms align with the interpretation of our findings, suggesting that in settings with
substantial reconstruction activity and compensation flows, household incomes may increase
even as disasters impose large welfare losses through ether—ehannelshousing damage,

displacement and disruption.

It is important to emphasise that the spatial distribution and group-specific heterogeneity of post-
earthquake income changes remain important avenues for future research. Given the repeated
cross-sectional structure of the HES and sample-size constraints, especially the small number of
households in Groups 2 and 3 in each wave, this study cannot fully characterise differential

recovery trajectories by ineeme—group;—ethnicity, income source, housing tenure, household

structure or social capital. Future work leveraging longitudinal micro-level tracking in the IDI
could provide more granular evidence on changes in the income distribution and the inequality

implications of large natural hazards (Abdeljawad and Noy, 2625b2025a).

5.2 DiD results for expenditure

In contrast to the income results, the DiD estimates for total household expenditure are positive

but not statistically significant in either the low- or high-intensity group (Table 3). Hewever;
when-total-expenditure-is-disaggregated-into-eategoriesThe estimated coefficient is around NZD

3.414 for the low-intensity group and around NZD 2,011 for the high-intensity group, but both

estimates are imprecisely estimated. The control variables display plausible expenditure patterns:

age and age squared indicate a concave life-cycle profile for household expenditure, household

size is positively associated with total expenditure, and the sex of the reference person is also

significantly associated with expenditure levels. However, the absence of statistically significant

average treatment effects for total expenditure suggests that the earthquakes did not generate a

clear overall increase in aggregate household spending. When total expenditure is disaggregated

2
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into categories, however, several components exhibit sizeable and statistically significant

treatment effects.

Table 3. DiD results for total household expenditure

Variable Estimate <

MMI group:Low x Post
MMI group:High x Post

Age of reference person

(2322:802507.03)

(1399-871469.80)
2379+1170.95+**

3414143413.71

1831-582010.89
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(2+46100.93)
Age? -13.32%*%
(0.97)
Sex of reference person -3388.78%**
(768.82)
Household size 31+05:636805.157%**
[(193:57594.64)

Observations: 5,625022, <

Rk nr() O] K% ) 05 K () ]
P e =y PP

*p<0.05, **p<0.01, *** p <0.001

Certain expenditure categories, such as receipts and refunds, exhibit highly skewed distributions.
For receipts and refunds, for example, reunghl=90%a large share of observations are zero, and

the remaining positive or negative values are concentrated in a heavy right-tail. Estimating

ordinary least squares (OLS) regressions directly on these raw levels forces the model to fit a
small number of very large observations, allowing them to exert disproportionate influence on

the estimated coefficients.

To address these distributional features and improve interpretability, we estimate the category-
level regressions using a log transformation of the absolute value plus one of each expenditure
variable, that is, log(1+|y|). This transformation substantially stabilises the regression estimates
and yields coefficients that capture relative differences in the magnitude of expenditure rather

than being driven by a few extreme observations. For example, after this transformation, the

coefficient for receipts and refunds in the high-intensity treatment group is 0.748729, implying
that the magnitude of receipts and refunds (plus one) in the treatment group is approximately

2.0507 times (€%722¢%729) that in the control group-, equivalent to an increase of about 107.2%.
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758  Figure 2. Post-earthquake changes in expenditure categories by EQearthquake intensity
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As shown in Figure 2, with full regression estimates reported in Appendix E). several
expenditure categories exhibit statistically significant responses to the earthquakes, particularly

among households in high-intensity areas.—

Households in high-intensity areas show a large and statistically significant increase in receipts-
and refunds-related entries following the earthquakes. As noted above, this category also
captures insurance reimbursements, which are recorded as negative expenditure items rather than
income to avoid double-counting with other income sources such as wages or transfer payments
(Stats NZ, 2020). The estimated log coefficient for the high-intensity group is 0.8 —mplying
that-the-729, corresponding to an increase of about 107.2% in the magnitude of receipts and

refunds ¢plus one)-is-appreximately2.05-times{e%722) that inthe-control-areas-. This pattern

likelyrefleets—is consistent with increased insurance claims and related reimbursement flows

after the disaster. Higherrefund-activity-mayThe corresponding estimate for the low-intensity

group is also

wheertatntypositive, but it is not statistically significant.

Compared—with—the—eontrolgroup,—the—diary'General insurance expenditure eategery—also
increases by 3%substantially in high-intensity areas—. The estimated coefficient =

0434p<0-65)TFhis-implies an increase of approximately 101.4%, and the effect is statistically

significant an

shoeksat the 0.1% level. This pattern is consistent with increased insurance-related activity after

the earthquakes, including changes in premiums, policy adjustments, or greater engagement with

insurance products following heightened risk salience. Because the category captures

expenditure on insurance rather than claim receipts, it should be interpreted separately from the

receipts-and-refunds category.
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Compared with the control group, the diary-recorded day-to-day expenditure category increases

by around 17.0% in high-intensity areas, and the estimate is statistically significant at the 1%

level. This category captures small and frequently purchased items recorded through the HES

expenditure diary. The increase may reflect higher routine living costs, immediate replacement

needs, or changes in day-to-day consumption in the aftermath of the earthquakes. Because the

diary module records transactions close to the time of purchase, it is less vulnerable to long recall

periods than retrospective expenditure questions, although it may still be sensitive to short

reporting windows.

Transportation; and telecommunications and-travel-all-show statisticallysignificant-inereases

expenditure also increase significantly in high-intensity areas. Households—may-have-ineurred

substantial Transportation expenditure rises by approximately 49.2%. while telecommunications

expenditure increases by approximately 31.0%: both estimates are statistically significant at the

5% level. These patterns are consistent with additional eests—related-to-vehielerepairsmobility

asseetated-with-additional-trips—takento-avetdcommunication needs after the disaster-affeeted

Both-thetow-, including commuting disruptions, vehicle-related expenses, and high-intensity
sroups—exhibitinereases—n—feescoordination with family members, insurers, repair providers,

and public agencies.

Fees-and-subscriptions expenditures—with increases significantly in both low- and high-intensity

areas. The estimated increase is approximately 127.1% in the low-intensity group and 66.5% in

the high-intensity group-shewing—a, with both estimates statistically significant siseat the 1%

level. According to the HES classification, this category includes payments for club
memberships, professional association fees, subscriptions to recreational or educational
programmes, and other recurring service fees. The observed increase suggests that;ratherthan

eutting-baek-on—_households did not uniformly reduce discretionary #ems;or subscription-based
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spending after the earthquakes. Instead, some households may have maintained or evesn

expanded theirengagement-with-subseription-based-spending on services in-the-aftermath-of the
earthquakes—This-mayrefleet-a-desire-forthat provided continuity, seetalprofessional connection
and—aeceess—to—struetured—reereational, education, recreation or edueational—aetivitiessocial

engagement during athe recovery period-efpest-disasteruneertainty-and-disloeation.

Unexpectedly, it is the low-intensity group, netrather than the high-intensity group, that

experiences a statistically significant increase in housing-related-expenditure—(around-40-5%;
coefficient—0-340,p<0-05)This— costs. The estimated increase is approximately 36.3% for

the low-intensity group and is statistically significant at the 5% level, whereas the high-intensity

estimate, approximately 6.2%, is not statistically significant. This pattern may reflect moderate

disruption even—in less severely affected areas, including repairs, temporary

reloeationsaccommodation, or upward pressure on rents in neighbouring areas due to population

displacement from harder-hit areas—where—many—heuses—were—no—longer—suitable—for
eeeupation:locations. The absence of a statistically significant ehangeshousing-cost response in

the high-intensity group may be-due-toreflect more severe housing-damage;-with—_that delayed

reconstruction—delayed—, insurance-managed repairs, or finaneedexpenditure being recorded
through institutional channels rather than directly threugh-insurance-(through-the public-insurer's

#-as household outlays.
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Expenditure on education, recreation, sport and culture also increases in high-intensity areas.

The estimated increase is approximately 32.3% and is statistically significant at the 1% level.

Household-maintenance expenditure reeerdsrises by approximately 63.2% in the high-intensity

group and is statistically significant at the 5% level. These results are consistent with households

facing additional repair and maintenance needs while also maintaining or adjusting expenditure

on educational, recreational, and cultural activities during the recovery period. The

corresponding low-intensity estimates are positive but statistically insignificant.

Taken together, the expenditure results suggest that the Canterbury earthquakes did not generate

a clear average increase in total household expenditure, but they did change the composition of

spending. Statistically significant category-level responses are concentrated in receipts and

refunds, general insurance, diary-recorded purchases, transportation, telecommunications, fees

and subscriptions, education, recreation, sport and culture, household maintenance, and housing

costs in low-intensity areas. This pattern is consistent with households adjusting along several

margins after the disaster, including insurance and reimbursement flows, routine living expenses

mobility and communication needs, housing and maintenance costs, and subscription- and

service-related expenditure.

As shown in Appendix F, a comparison of census data across New Zealand's 16 regions between

2006 and 2013 indicates that Canterbury's—eompoundCanterbury recorded the second-highest

annual growth rate and the second-largest absolute increase in median household income-+eached

4-46%rankingseeond, in both cases behind only te-the West Coast (5-5%)-and-third-in-abselute
rmedian-ineomegrowth-behind-Aueldandand Wellnston{Stats NZ, 2014). This growth rate is

substantially higher than in most other regions, suggesting that Canterbury’s post-2006 income

growth was relatively strong in the post-earthquake period, potentially reflecting reconstruction

and recovery alongside other regional factors. This broader regional context is consistent with

the income results reported in Section 5.1, while the expenditure results in this section indicate

that increased income did not translate into a uniform increase in total household expenditure,

but rather into category-specific adjustments.

5.3 Heterogeneous effects by income group
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As shown in Figure 3 and Fable-G1-G2Tables G.1 and G.2, in Appendix G, ameng

expenditure responses differ substantially between households above and below the

median income. Among households with income above the median, post-ecarthquake

inereases—n—expenditure remainadjustments are, broad but-exhibit-some—notableshifts—in

statistieal-significanceand appear, across several categories. The regression results indicate

that-high-income-houscholds-experienced-statistically significant increases in spending-on

centributionschemeshousing costs, receipts and refunds, general insurance, miscellaneous

payments, telecommunications, generakinsurancestransportation-and-travelIn-particularthe

substantialrise-in-fees and subscriptions, and household maintenance and-generalin at least

one of the two intensity groups. Although travel expenditure is not statistically

significant in the full-sample category regression, a significant increase appears among

below-median-income households in the low-intensity group. These patterns suggest

that _above-median-income households adjusted along multiple margins, including

insurance : sts—-related activity, housing and maintenance expenditure,

communication needs, and discretionary or subscription-based spending.

For above-median-income households, receipts and refunds increase markedly

especially in high-intensity areas. The estimated coefficient for the high-intensity group

is 1.04, corresponding to an increase of approximately 182.9% in the magnitude of

receipts and refunds plus one. The low-intensity coefficient is also positive

corresponding to an increase of about 76.8%. although it is not statistically significant.

This pattern is consistent with the interpretation that higher-income households were

This-pattern-is-consistent-with-likely to receive larger insurance reimbursements, refunds

proceeds from second-hand sales, or other compensatory inflows after the earthquakes.

It also aligns with jnternational evidence that post-disaster reconstruction

aetivitiesactivity, and insurance payouts tend-teoften benefit middle- and high-income

households more, as—they—because these households are better positioned to finance

reconstruction and te-make effective use of incoming funds (Kousky, 2014).-Fhe—
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General insurance expenditure also rises sharply among above-median-income

households in high-intensity areas. The estimated coefficient of 0.89 implies an increase

of approximately 143.5%, and the effect is statistically significant. This increase should

be interpreted separately from receipts and refunds: while receipts and refunds include

insurance reimbursements and related inflows, the general-insurance category captures

expenditure on insurance products. The combination of increased receipts and refunds

and increased general-insurance expenditure suggests a broader intensification of

insurance-related financial activity among higher-income households following the
earthquakes.

Fees and subscriptions also show large statistically significant increases among above-

median-income households. The estimated increase is particularly large in the low-

intensity group, where the coefficient of 1.31 corresponds to an increase of

approximately 270.6%. The high-intensity coefficient is also positive and statistically

significant, corresponding to an increase of about 82.2%. The observed increase suggests

that higher-income households did not uniformly reduce discretionary or subscription-

based spending after the earthquakes. Instead, some households may have maintained or

expanded spending on services that provided professional connection, continuity,

recreation, education, or social engagement during the recovery period.

Above-median-income households also show gsignificant increases in eentribution

of disaster—related—uneertaintytelecommunications expenditure in both low- and high-

intensity areas. The estimated increases are approximately 47.7% for the low-intensity

group and 35.0% for the high-intensity group. This pattern is consistent with greater

communication and coordination needs after the disaster, including contact with insurers

contractors, employers, family members, and public agencies,

Receipts—and—refundsHousing  costs also increase markedly—for—high-income

households:significantly in both intensity groups, The estimates imply that—n-the-post-
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maintenance expenditure exhibits a different pattern. The estimated increase is

approximately 127.1% in the low-intensity group, but this estimate is not statistically

significant-is
and—services—The—notable—inecrease—in—diary. In the high-intensity group, household-
maintenance, expenditure (ebeut15:-5%:-coefficient=0+444;p<0-05)underscores-thispattern;

personal-eare—The-coneentration-ofincreases by approximately 166.4% and is statistically,

significant

These findings are consistent with housing-related adjustment, repair, maintenance, and

accommodation costs playing an important role in higher-income households’  post-

disaster expenditure responses,

Miscellaneous payments also increase significantly for above-median-income

households in high-intensity areas, with an estimated increase of approximately 95.4%.

Given the broad nature of this category, the result should be interpreted cautiously.
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However, it is consistent with the broader pattern that higher-income households

adjusted across a relatively wide set of expenditure categories after the earthquakes.

For households with income below the median, post-earthquake expenditure adjustments

are more concentrated. Significant increases appear in receipts and refunds, medical and

health expenditure, diary-recorded day-to-day purchases, and travel. In high-intensity

areas, receipts and refunds increase by approximately 40.5%., medical and health

expenditure increases by approximately 41.9%. and diary-recorded purchases increase

by approximately 18.5%. These categories are more closely related to immediate

liquidity, health needs, and routine household consumption than to broader discretionary

or asset-related adjustment. This pattern suggests that lower-income households' post-

disaster expenditure responses were more focused on essential or near-essential needs.

The increase in diary-recorded day-to-day purchases among below-median-income

households is particularly relevant because the diary category captures routine,

frequently purchased items such as food, beverages and personal care. The estimated

high-intensity effect of 0.17 corresponds to an increase of approximately 18.5%. This

finding is consistent with lower-income households facing higher routine living costs or

immediate replacement needs after the earthquakes, while having more limited capacity

to adjust across wider expenditure categories.

Receipts and refunds also increase significantly for lewbelow-median-income

households in high-intensity areas—{abeut34:6%:—~coefficient—=0297p—<0-05)targely

refleeting. The estimated increase of approximately 40.5% suggests that lower-income

households also received, post-disaster eashreimbursements or related inflows——saest

7o, L1IOWCEVEL, UIC 2

magnitude of-this-effeet-is—considerablyis much smaller than ferhigh-the corresponding

increase for above-median-income households, for whom the estimated-inereaseis-around

188-64%(coefficient=—1-06)-high-intensity estimate is approximately 182.9%. This gap ,

likely-refleetsis consistent with differences in asset ownership. jnsurance depth, and asset /
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pertfolios—higherthe value of insurable possessions. Higher-income households typically

own more insurablevaluable, assets and higher-value-possessionshave greater capacity to

engage with insurance and repair processes, generating larger claim amounts and

subsequent

inflows{Owen-& Ney20419)reimbursements. Thus, while receipts and refunds provide

wmportant-liquidity relief across income groups, the disparitydifference, in effect size

underseorespoints to,underlying wealth and asset inequalities in recovery capacity- (Owen

& Noy, 2019),

Medical and health expenditure also increases significantly for below-median-income

households in high-intensity areas. The estimated increase of approximately 41.9%

suggests that lower-income households may have faced greater health-related needs or

out-of-pocket health costs after the earthquakes. This result is consistent with the broader

literature showing that disasters can impose substantial non-property costs on vulnerable

households, including health, stress, and disruption-related expenses.

One notable result for below-median-income households is the large increase in travel

expenditure in the low-intensity group. The estimated coefficient of 1.19 corresponds to

an increase of approximately 228.7%. Because travel expenditure can be highly skewed

and episodic, this result should be interpreted cautiously. Nevertheless, it may reflect

temporary relocation, visits to relatives, travel to avoid disrupted areas, or other mobility

needs following the earthquakes. The fact that this effect appears in the low-intensity

group rather than the high-intensity group suggests that travel responses may not follow

a simple monotonic relationship with local shaking intensity.

The relatively narrewnarrower, range of significant spending increases among fewbelow- -
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median-income households mere-broadlyreflects-theiris consistent with constrained post-

households tend to have less access to savings, credit, insurance, social protection, and
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informal financial support, which limits their ability to absorb disaster losses and adjust

expenditures beyond essentialimmediate, needs (Deryugina, 2017; Hickel-&- Hallegatte;
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2022): et al., 2020). The results therefore suggest that lower-income households respond

to the earthquakes mainly through liquidity-related inflows, routine purchases, health-

related spending, and selected mobility costs, rather than through broad-based

discretionary, insurance, or housing-maintenance adjustments.,

Taken together, these findings highlight the heterogeneous nature of household financial

responses to disasters. HighAbove-median-income households exhibit broad-based post-

disaster adjustments in—several—expenditareacross insurance, housing, maintenance,

communications, and subscription-related, categories;—whereas—tow. Below-median-

income households respond more narrowly, with tarseted-changes-in-mere-corespending
ecategories—significant changes concentrated in receipts and refunds, medical and health

expenditure, diary-recorded purchases, and travel. This divergence reinforces the central

role of income and financial capacity jn shaping differential post-disaster expenditure

dynamics and is consistent with the emersingbroader, literature on disaster-related

inequality (Bube;and socioeconomic resilience (Roth, Tran & Wilson, 2623; Hickel-&2025;

Hallegatte; 2622 et al.. 2020).
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Figure 3. Post-earthquake changes in expenditure by income group
5.4 Heterogeneous effects of migration

To assess the heterogeneous effects efassociated with post-earthquake migration, we compare
households that remained in Canterbury ("stay" households) with those that relocated out of the
region ("relocation" households) aeress—fivewithin the treated sample. We examine six key
economic indicators: total household income, total regular household income, total household
expenditure, housing costs, other property expenditure, and mortgages and loans. These fixe
variables are-consistenthy-available-ineach-HESwavecapture income, overall spending, and thus
allewfora-balaneed-comparisen-evertimehousing-related financial commitments. We estimate

separate linear regressions for each outcome, including a dummy variable for relocation

households, and control for the age of the reference person, the sex of the reference person, and

household size. The regression results are reported in Table 4.

Table 4. Covariate-adjusted differences between stay and relocation households (descriptive)
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pensions, and fixed transfer payments, there is no statistically detectable gap between

reloeatedrelocation and stay households. This further supperts—the—interpretationsuggests that

relocation is not primarily associated with a conditional difference in regular income. Instead,

migration decisions primarty—are more likely to reflect residential, housing, family, or

disruption-related coping strategies in response to the disaster, rather than deliberate-income-

raximisingstrategies differences alone.

The coefficient on total household expenditure is also positive but not statistically significant.

This indicates that, after controlling for age, sex, and household size, relocation households do

not exhibit a clear difference in overall expenditure relative to stay households. This result is

consistent with the broader expenditure findings in Section 5.2, where total expenditure does not

show a statistically significant average DiD effect, even though several expenditure categories

respond strongly.

By contrast, more pronounced heterogeneity emerges when focusing on housing-related
expenditure. For housing costs, relocation households exhibit signifieanthy-substantially higher
spending than stay households, with an estimated coefficient of NZD 24,967 (standard-error—

4:465;9p<901 and statistical significance at the 0.004):1% level. This indicates that households

who—meved—eut—efobserved outside Canterbury after the earthquakes faced substantialy
greatermuch higher housing-related costs-after-the-earthquakes—petentiallyduete-, conditional
on basic household characteristics. This pattern is consistent with relocation involving higher
rents in destination areas—and—upfront-expenses—assoetated—with-seeuring—new—, temporary
accommodation, steh-as—reloeation—eostsrrental bonds-and-aseneyfees—Thesefindingsrefleet
the-direet-impaet-of the-earthquakes-on-, or other costs associated with securing new housing

after displacement.

Other property expenditure is lower among relocation households, but the coefficient is not

statistically significant. Given the lack of statistical precision, this result should be interpreted

cautiously and should not be treated as evidence of a systematic difference between relocation

and stay households. It nevertheless points in the same broad direction as the mortgages-and-

loans result, suggesting that households that left Canterbury may have been less tied to property-

related financial commitments than those that remained.
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For mortgages and loans, by-centrast-the relocation group shows significantly lower expenditure

than the stay groups-with-an. The estimated coefficient efis approximately NZD -9,466-(standard

error—4;244,p-<-0-05):586 and is statistically significant at the 5% level. This suggests that

relocated households were

distribution—Thenegative-coefficientspayments than households that remained in Canterbury
conditional on age-suggest-that-econditional-on-, sex, and household size-and-migration-status;

A-robustness-cheelkwith-quadratic-age-terms-would-be-. One plausible interpretation is that stay

households were more likely to retain owner-occupied properties, continue mortgage repayments,

or finance repair and reconstruction, whereas relocation households were more likely to move

into rental or temporary accommodation and avoid new long-term housing debt.

The control variables also behave largely as expected-to—reveal-thefamitiarinverted-U-shape;

By-contrast-the positive-and-sizable-coefficients-on-household-, Houschold size indicate-that;

helding—age—and—migration—status—eonstantis positive and highly significant across all six

outcomes, indicating that larger households terd—te—have higher income—and. greater total

expenditure—levels—which—is—consistent-with-—the—presenec—of-multiple—carners, and greater
consumptionneeds—Thelarger housing-related financial commitments. This pattern is consistent

with theoretical expectations regarding household scale-effeets-inhousehold: as households grow

4
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in size, they typically include more potential earners and face greater aggregate consumption

needs;teading—to—higher—totalincome—and—expenditare—_(Browning et al., 2013)._Age is

negatively associated with income, total expenditure, housing costs, and mortgages and loans

but positively associated with other property expenditure. This pattern is broadly consistent with

life-cycle variation in income. expenditure, and asset-related commitments (Modigliani, 1986)

although the linear age specification should be interpreted as an average association over the

observed age distribution rather than as a full life-cycle profile.

In summary, although migration is self-selected and the estimated differences cannot be
interpreted as causal effects of relocation, the data reveal clear and systematic contrasts in
housing-related eestsexpenditure between relocated and non-relocated households. Relocation

households exhibi

alengsidedo not differ significantly

withfrom stay households thatremained-in place—Fhesetotal income, regular income, or total

expenditure after adjustment. The main differences likely—refleet—pre-existing—disparitiesare
instead concentrated in housing tenure;—finaneial—eireumstances—and—other—unobserved

and mortgages and loans: relocation households face substantially higher housing costs, while

stay households appear to carry higher mortgage and loan payments.

This shift in expenditure structure underscores the considerable heterogeneity in housing

consumption and asset-investment decisions following disaster—indueced—misration—l—alse

market:
market

eciston-makingpost-disaster migration. It is also consistent

7+
P

with international evidence that post-disaster migration is selective, with younger, more mobile

and less housing-secure households more likely to move after major disasters (Fussell, 2015).

These results reinforce the importance of distinguishing between income effects and housing-

cost effects when evaluating household recovery after disasters. They also provide useful

evidence that post-earthquake migration was closely related to the structure of household

housing costs and housing-related financial commitments, even though average income
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To ensure the reliability of the estimated post-earthquake effects on household income and
expenditure, we conduct a series of robustness checks using alternative PSM specifications. The
original model employs nearest-neighbour matching with a caliper of 0.2, a 1:2 matching ratio,
a logit-based propensity score and four matching covariates: age of the reference person,
household size, sex and education. We then alter one dimension at a time and re-estimate the

DiD models. The results are summarised in Tables 5 - 7.

Using a stricter caliper—, reducing the maximum propensity-score distance from 0.2 to 0.13,

yields estimates that are very similar to the baseline results. For total household income, the

estimated post-earthquake effects remain positive and statistically significant for both the low-

and high-intensity groups. The coefficients are slightly larger estimated—effeetsthan in the

baseline specification, increasing from around NZD 7,043 to NZD 7,686 for the low-intensity
teeatmient group and marcinath—smatierp-vatues—Fhis—indicates—thatthemain—resubs—remain
robust-even—when-matehingisrestrieted-to-eloserneighbeursfrom around NZD 7,252 to NZD

7.842 for the high-intensity group. The corresponding estimates for regular household income

are also slightly larger and remain statistically significant. These results indicate that the income

findings are not driven by relatively distant matches in the propensity-score space.—

When we reduce the matching ratio te—+1instead-of-from 1:2);the-estimated-treatment-effeets

beeome to 1:1, the income estimates again remain positive and statistically significant. The point

estimates are somewhat larger ir—agnitude—and standard-errors—inerease—shehtly—The same

levelssugsesting that the resultsarenet-drivenby-than in the baseline specification: for total

household income, the low- and high-intensity coefficients increase to around NZD 8,089 and

NZD 8.265, respectively; for regular household income, they increase to around NZD 9,345 and

NZD 8.821. The number of observations is smaller under 1:1 matching, as expected, because

only one matched control household is retained for each treated household. The persistence of

positive and statistically significant income effects under this more restrictive matching design

suggests that the income results are not sensitive to the choice of matching ratio.
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We next exclude the reference person's sex from the set of matching covariates. Removing sex
has only a modest impact on the estimated income effects. The low- and high-intensity
coefficients—h e stiona e b s Sl remiain bbb b e e
stgnificance—declines—slightly—consistent—with—a—small—reduetionpositive and _statistically

significant for both total household income and regular household income, and their magnitudes

are close to those in the baseline model. This suggests that the main income results are not driven

by the inclusion of sex in the propensity-score matching preeisien-afteromittingprocedure.

The robustness checks for total household expenditure show a different but consistent pattern.

Across all specifications, the estimated expenditure effects remain positive but statistically

insignificant for both the low- and high-intensity groups. Under the stricter caliper, the

coefficients decline to around NZD 2,525 for the low-intensity group and around NZD 1,310 for

the high-intensity group. Under 1:1 matching, they are smaller still, at around NZD 2.341 and

NZD 1,019, respectively. When sex is removed from the matching covariates, the estimates

remain positive but imprecise. These results reinforce the conclusion from Section 5.2 that the

earthquakes did not generate a petentialy—informative—eovariate—statistically clear average

increase in total household expenditure, even though several expenditure categories changed

substantially.

Lastly, we replace the logit model with a probit specification when estimating the propensity
scores®. The resulting DiD estimates are nearly identical to the baseline, indicating that the
matched-sample results are robust to the choice of link function in the propensity-score model.

We also re-estimate the models using propensity scores derived from a linear probability model

(LPM) instead of a logit specification. Diagnostic statistics, such as the maximum standardised

mean difference and variance ratios, indicate that the LPM-based matching procedure achieves

LE okl

H Di
te-that-the PM
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covariate balance that is comparable to that of the baseline logit-based matching. However, the

estimated treatment effects obtained from the LPM-based propensity scores are smaller in

magnitude and generally less statistically significant than those based on logit or probit models.

This pattern is consistent with existing methodological evidence. Austin (2011b) shows that

matching on the logit of the propensity score with a caliper of 0.2 standard deviations tends to

yield substantial bias reduction and efficiency gains, whereas alternative specifications perform

less well. Thus, while balance metrics look similar on average, the attenuated coefficients and

reduced significance under the LPM specification likely reflect its weaker ability to distinguish

units at the extremes of the treatment-probability distribution, leading to marginally poorer

matches and larger standard errors near the boundaries.

We further conduct a series of additional checks in which each matching covariate is removed
one at a time. The results are consistent with the patterns described above. Excluding any single
covariate generally worsens covariate balance to some extent, as reflected in slightly higher
standardised mean differences or variance ratios, but the estimated treatment coefficients remain

directionally stable and their magnitudes are not materially altered.

We also conduct two additional sets of robustness checks, reported in Appendices H and I. First,

we estimate a continuous-MMI specification to assess whether the results are sensitive to the

discrete low/high intensity classification. The continuous-MMI interaction terms are not

statistically significant, suggesting that the post-earthquake response does not follow a simple

linear gradient in shaking intensity. This supports the use of the grouped intensity specification

in the main analysis. Second, we compare the baseline specification with alternative age controls

and ATT-IPW bridge specifications. The income effects remain positive across these checks,

while the total-expenditure effects remain statistically imprecise, reinforcing the main

interpretation.

Taken together, these robustness checks show that the magnitude—direction—and-statistieal

conclusions are stable across a range of alternative matching specifications;reinforeing-the-. The

income effects remain positive and statistically significant across the stricter caliper, 1:1

matching, and the specification excluding sex from the matching covariates. The total-
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expenditure estimates remain positive but statistically insignificant across the same checks.

These patterns reinforce the credibility of eurfindingsthe main interpretation: the Canterbury

earthquakes are associated with increases in household income, while changes in expenditure

are more visible in specific expenditure categories than in total household expenditure.

6. Conclusion and Discussion

This study systematically-evaluatesexamines the medium- to lenglonger-term impaeteffects of
the 2010- - 2011 Canterbury earthquakes on household income and expenditure-i#-. By linking

nationally representative Household Economic Survey data to administrative address histories

and meshblock-level earthquake-intensity measures within New Zealand's-Zealand’s Integrated

Data Infrastructure, we identify households that resided in Canterbury region—By-ecombining-a
Difference-in-Differences-econometrie-strategyat the time of the earthquakes and compare their
outcomes with Prepensity—SeoreMatehing—the-those of contemporaneously matched North
Island households. The analysis atms-to-strengthenboth-the-eausal-interpretationand-the-treats

the HES as a repeated cross-section and combines propensity-score matching with a difference-

in-differences design, supplemented by event-study estimates, compositional-balance tests

alternative matching specifications, and an ATT-IPW robustness efthe-estimated-effects—Ne

and-awideranse-otexpenditure-eategoriescxercise.

6.1 Key findings
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transpertation—travel—The first main finding is that both total household income and regular

household income increased in earthquake-exposed areas relative to the matched comparison

group. For total household income, the estimated post-earthquake increases are approximately

NZD 7.043 in low-intensity areas and NZD 7,252 in high-intensity areas. The corresponding

estimates for regular household income are approximately NZD 7,924 and NZD 7.412. The

similarity of the estimates across the two intensity groups suggests that the income response was

not confined to the locations experiencing the most severe ground shaking.

The event-study evidence supports this interpretation. The pre-earthquake coefficients for the

two income outcomes are individually imprecise, and joint Wald tests fail to reject the null

hypothesis that they are jointly equal to zero. Post-earthquake coefficients become positive in

several subsequent waves, with some of the largest estimates appearing during the later

reconstruction period. These patterns are consistent with reconstruction-related labour demand,

wage and employment effects, and broader regional recovery dynamics (Wood et al., 2016; Roth

Tran & Wilson, 2025). The positive effects on regular income are particularly important because

they indicate that the results are unlikely to be explained solely by one-off insurance settlements

or compensation payments.

The income results should not, however, be interpreted as evidence that the earthquakes

improved household welfare. Increased labour demand, insurance-related inflows, and public

reconstruction expenditure may raise measured income while households simultaneously

experience housing damage, disruption, displacement, health effects, and additional living costs.

This distinction is central to the economic interpretation of disaster recovery: positive income

growth after a disaster may reflect costly reconstruction and compensatory activity rather than a

net welfare gain.

Second, total household expenditure does not exhibit a statistically significant average DiD

effect. The estimated coefficients are positive for both the low- and high-intensity groups, but

they are imprecisely estimated. This result is stable across alternative matching calipers,
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matching ratios, and covariate specifications. The event-study evidence for total expenditure is

necessarily more limited because comparable full-expenditure information is available in only

four HES waves, leaving only one comparable pre-earthquake coefficient. That coefficient is not

statistically significant, but the limited pre-period means that the parallel-trends evidence for

expenditure is weaker than for income.

The absence of a clear effect on total expenditure masks substantial changes in expenditure

composition. In high-intensity areas, the magnitude of receipts and refunds increases by

approximately 108%, and general-insurance expenditure increases by approximately 101%.

Significant increases also appear in transportation, telecommunications, diary-recorded day-to-

day purchases, fees and subscriptions, education, recreation, sport and culture, and household

maintenance. In low-intensity areas, housing costs and fees and subscriptions increase

significantly. These findings indicate that households adjusted across several distinct margins

including insurance and reimbursement flows, routine consumption, mobility, communication,

housing and maintenance, and subscription- and service-related spending.

Receipts and refunds deserve particular attention. In the HES, this category includes insurance

reimbursements and related inflows recorded as negative expenditure entries. The large high-

intensity effect is therefore consistent with substantial post-earthquake insurance and

compensation activity. At the same time, the category is broader than insurance settlements alone,

and the use of log(1+]y|) means that the estimates capture changes in the magnitude of recorded

entries rather than their direction as net cash inflows or outflows. The results should

consequently be interpreted as evidence of increased insurance- and refund-related financial

activity, rather than as a direct estimate of household compensation income.

Third, expenditure responses differ markedly by household income. Above-median-income

households exhibit significant adjustments across a relatively broad range of categories,

including receipts and refunds, general insurance, housing costs, household maintenance,

telecommunications, miscellaneous payments, and fees and subscriptions. In high-intensity areas

the estimated increase in the magnitude of receipts and refunds is approximately 183% for above-

median-income households, compared with approximately 41% for below-median-income

households. This gap is consistent with differences in asset ownership, insurance depth, claim
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size, and households’ capacity to engage with repair and compensation processes (Kousky, 2014;

Owen & Noy, 2019).

Below-median-income households exhibit a narrower pattern of adjustment. Significant changes

are concentrated in receipts and refunds. medical and health expenditure, diary-recorded day-to-

day purchases, and travel. This pattern is consistent with more constrained households focusing

their adjustments on liquidity, health, essential consumption, and selected mobility needs rather

than on a broad set of discretionary, housing-maintenance, or asset-related categories. The results

therefore suggest that income and asset ownership shape not only the scale of post-disaster

adjustment but also the margins through which households are able to respond.

Fourth, the migration analysis identifies substantial differences in housing-related expenditure

between households that remained in Canterbury and those later observed outside the region.

Conditional on age, sex, and household size, relocation households do not differ significantly

from stay households in total income, regular income, or total expenditure. They do, however.

report housing costs approximately NZD 24.901 higher and mortgage-and-loan expenditure

approximately NZD 9.586 lower.

These estimates are descriptive associations rather than causal effects of relocation. Migration

was self-selected and was likely influenced by housing damage, tenure, employment, family

circumstances, financial resources, and other unobserved characteristics. Nevertheless, the

results indicate that post-ecarthquake mobility was closely associated with the structure of

housing expenditure. Relocation households appear to have faced greater accommodation or

resettlement costs, while households that remained were more likely to retain mortgage and loan

commitments connected to existing properties, repairs, or reconstruction. This pattern is

consistent with evidence that post-disaster migration is selective and that younger and less

housing-secure households are generally more mobile after major shocks (Fussell, 2015).

The main conclusions are supported by a range of robustness checks. The income estimates

remain positive under stricter propensity-score calipers, 1:1 matching, alternative matching

covariates, and alternative age specifications. Pseudo-outcome tests provide no evidence of

systematic differential changes in the principal demographic covariates or broad household-
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composition categories. The continuous-MMI interactions are not statistically significant,

suggesting that the response does not follow a simple linear gradient in ground-shaking intensity

and that the grouped estimates may capture non-linear differences in household adjustment.

ATT-IPW estimates generally preserve the direction of the income effects but are less precisely

estimated when the full eligible control pool is used. The weighting results therefore support the

substantive direction of the PSM findings while also indicating that statistical precision depends

on the choice of comparison sample and estimator.

6.2 Limitations and directions for future research
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Several limitations qualify these conclusions. First, the HES is a repeated cross-section rather

than a longitudinal household panel. The analysis therefore identifies changes in average

outcomes across survey waves but cannot directly trace the same households before and after

the earthquakes. Although matching is conducted separately within each wave and the pseudo-

outcome tests show no systematic differential compositional changes, unobserved changes in

sample composition cannot be completely excluded. Selective migration is a particularly relevant

concern because households that left Canterbury differ from those that remained in age and

housing tenure.

Second, the DiD interpretation relies on the assumption that exposed and matched comparison

households would have followed parallel trends in the absence of the earthquakes. The event-

study estimates and joint Wald tests provide supportive evidence for this assumption for total

and regular household income, but statistical non-rejection does not prove that counterfactual

trends were identical. For total expenditure, the parallel-trends assessment is substantially

weaker because only one comparable pre-earthquake full-expenditure wave is available.

Third, income and expenditure in the HES are self-reported and are subject to recall,

classification, and annualisation error. Diary-recorded expenditures are collected over a short

observation window and may be affected by atypical purchases, seasonal variation. or

behavioural responses to diary keeping. Retrospective expenditure modules may be subject to

longer recall periods. These measurement features can reduce precision and may partly explain

why significant movements appear in individual categories even when total expenditure shows

no clear average effect.

The category-level transformation also imposes an interpretive limitation. The use of log(1+]y|)

reduces the influence of extreme observations and facilitates proportional interpretation, but it

removes the original sign of expenditure entries. This is especially relevant for receipts and

refunds, where negative expenditure values can represent reimbursements or other inflows. The

estimates therefore describe changes in the magnitude of these entries, not changes in their

signed net contribution to household resources.
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Fourth, pre-earthquake address histories cannot be recovered for a non-trivial share of HES

reference persons. The similarity between missing-address patterns in the HES linkage and the

Census-based comparison suggests that this problem largely reflects structural limitations in the

administrative address data. Nevertheless, missingness is not necessarily random, particularly

among young adults, highly mobile individuals, and people with periods overseas, and some

selection risk remains.

Fifth, meshblock-level MMI captures local ground-shaking intensity but does not directly

measure dwelling-level damage, repair costs, insurance coverage, or access to compensation.

The low- and high-intensity categories necessarily simplify a continuous and spatially

heterogeneous hazard. The absence of a significant linear continuous-MMI interaction further

indicates that earthquake effects may depend on thresholds, local damage, housing

characteristics, or institutional responses rather than on a uniform marginal increase in shaking

intensity.

Finally, several heterogeneity analyses are constrained by sample size. This applies particularly

to relocation households, income-specific expenditure models, and small address-classification

groups. The migration estimates are also endogenous by construction and should not be

interpreted as causal effects of moving. The ATT-IPW results, while directionally informative

are less precise than the matched-sample estimates and therefore do not provide identical

statistical confirmation of the baseline effects.

Future research could address these limitations by combining longitudinal administrative income

and employment records with household-linkage methods that follow individuals and family

units over time. This would make it possible to distinguish changes in wages, labour supply

transfers, business income, and household composition, and to separate individual recovery from

compositional changes in repeated cross-sections (Abdeljawad & Noy, 2025a). Linking more

detailed property-damage, insurance-claim, tenure, mortgage, and residential-mobility

information would help identify the mechanisms connecting hazard exposure to compensation,

debt, repair, and relocation.
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Further work could also examine heterogeneity by ethnicity, household structure, presence and

age of children, housing tenure, employment sector, and social capital. These dimensions are

likely to influence access to insurance, credit, informal support, and reconstruction opportunities.

More frequent expenditure data or linked financial-transaction records would be especially

valuable for distinguishing short-run emergency spending from longer-term changes in

consumption and saving.

Overall, the Canterbury earthquakes produced neither a uniform economic loss nor a uniform

recovery at the household level. Household incomes increased relative to the matched

comparison group, but total expenditure did not change clearly on average, and the composition

of spending shifted substantially. The scale and form of these adjustments differed by income

exposure intensity, and migration status. These findings demonstrate that disaster recovery

cannot be evaluated adequately using aggregate income or output alone. A complete assessment

must also account for insurance and reimbursement flows, housing and relocation costs, health

and routine consumption needs, debt commitments, and the unequal resources households can

mobilise during reconstruction.
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Appendices

Appendix A: Sample classification and missing address rates

Table A.1. Distribution of households across the four sample groups, by survey year*

Survey
Group1l Group2 Group3 Group4
Year
2006/07 399 18 18 1890
2007/08 447 15 18 2349
2008/09 450 12 12 2304
2009/10 426 S 15 2088
2010/11 435 S 18 2454
2011/12 465 21 24 2385
2012/13 387 27 21 2040
2013/14 408 30 24 2253
2014/15 648 54 45 3744
2015/16 390 30 48 2367
2016/17 414 42 42 2526
2017/18 567 66 63 3774

“In all tables in this paper, the letter "S" indicates that the sample size for that cell in the given year is fewer than 6
and has been suppressed in accordance with Stats NZ confidentiality rules. All other numeric values have been
subject to RR3 random rounding as required.



Table A.2. Unmatched pre-earthquake address records by HES survey year

Survey Valid HES Unmatched Unmatched
Year Households Addresses rate (%)

2006/07 2799 471 17.00%
2007/08 3393 561 16.50%
2008/09 3285 501 15.30%
2009/10 3033 492 16.20%
2010/11 3435 516 15.00%
2011/12 3450 555 16.10%
2012/13 2934 453 15.40%
2013/14 3363 645 19.20%
2014/15 5505 1014 18.40%
2015/16 3465 627 18.10%
2016/17 3675 645 17.60%

2017/18 5451 969 17.80%




Table A.3. Unmatched address rates from linkage to 2013 Census records

Survey Matched Unmatched Unmatched
Year Rate (%)
2006/07 2226 669 23.10%
2007/08 2691 804 23.00%
2008/09 2706 672 19.90%
2009/10 2580 543 17.40%
2010/11 2943 591 16.70%
2011/12 3006 555 15.60%
2012/13 2664 339 11.30%
2013/14 2922 462 13.70%
2014/15 4827 732 13.20%
2015/16 3069 426 12.20%
2016/17 3138 564 15.20%
2017/18 4629 846 15.50%
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Appendix B. Matching quality and compositional balance checks

Table B.1 PSM matching quality-: Max SMD and Variance Ratio by Survey Year

Survey Year Max SMD Max VR
2006/07 0.05 1.10
2007/08 0.07 1.08
2008/09 0.02 1.09
2009/10 0.02 1.09
2010/11 0.03 1.06
2011/12 0.05 0.97
2012/13 0.03 1.13
2013/14 0.04 1.01
2014/15 0.03 0.94
2015/16 0.02 1.04
2016/17 0.04 1.07
2017/18 0.03 1.16

Table B.2 Four-cell means of key covariates by treatment and post status

variable treat post n obs mean value sd_value
age 0 0 1695 50.54 17.42
age 0 1 1659 54.89 17.07
age 1 0 846 50.77 17.75
age 1 1 831 54.29 17.56
household size 0 0 1695 2.46 1.27
household size 0 1 1659 2.36 1.31
household size 1 0 846 245 1.26
household size 1 1 831 2.34 1.31
female 0 0 1695 0.56 0.50
female 0 1 1659 0.60 0.49
female 1 0 846 0.55 0.50
female 1 1 831 0.60 0.49
own/trust 0 0 1695 0.69 0.46
own/trust 0 1 1659 0.70 0.46
own/trust 1 0 846 0.72 0.45
own/trust 1 1 831 0.72 0.45
higher education 0 0 1695 0.28 0.45
higher education 0 1 1659 0.29 0.45
higher education 1 0 846 0.29 0.46
higher education 1 1 831 0.30 0.46

Note: Treat = | denotes Canterbury households; Post = 1 denotes post-earthquake survey waves.

Table B.3 Pseudo-outcome DiD tests for key covariates
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variable

n_obs coef treat

post se treat post

p treat post

age

female
own/trust

household size

higher education

5028 -0.83
5028 -0.01
5028 0.00
5028 -0.01
5028 0.00

0.85
0.05
0.02
0.02
0.02

0.33
0.89
0.86
0.73
0.84

Table B.4 Pscudo-outcome DiD tests for household-composition categories

variable n_obs coef treat post se treat post p treat post weighting
one-family household 17214 -0.01 0.01 0.43 unweighted
two-family household 17214 0.01 0.01 0.28 unweighted
three-plus-family househlod 17214 -0.01 0.01 0.32 unweighted
other multiperson household 17214 -0.01 0.01 0.34 unweighted
one-person household 17214 0.01 0.01 0.51 unweighted
unidentifiable household 17214 0.01 0.01 0.10 unweighted
nonfamily or one-person hhld 17214 0.01 0.01 0.28 unweighted
one-family household 17214 0.01 0.01 0.54 weighted
two-family household 17214 0.00 0.02 0.94 weighted
three-plus-family househlod 17214 0.00 0.01 0.78 weighted
other multiperson household 17214 -0.01 0.01 0.53 weighted
one-person household 17214 -0.02 0.01 0.22 weighted
unidentifiable household 17214 0.02 0.01 0.12 weighted
nonfamily or one-person hhld 17214 -0.01 0.02 0.75 weighted
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Appendix C. EventStudyPlotsfor Parallel Frend-AssumptionTest

Event Study Plot: Total Household Income
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Event Study Plot: Total Household Expenditure
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total household

regular household

total household

income income expenditure
12.23 5381.4
year = 0708 X treat (pre) 779700 57 7447 817
B 10009.71 9576.58
year = 0809 X treat (pre) 3882 54 8808.09
car = 0910 x treat (pre) 10277.22 9682.52 1057.73
Y D (9696.48) (9336.30) (1741.46)
B 9168.49 7480.27
year = 1011 X treat (pre) 796118 774002
1(—)3230]84 ............. 1(—)352807* ,,,,,,,,,,,,,,,,,,,,,,
year = 1112 X treat (post) 77190 26 76712 10
B 11666.19 10043.08 3128.01
year = 1213 x treat (post) (9582.08) (8942.25) (1930.54)
B 11939.18 11550.66
year = 1314 X treat (post) 672337 6106.45
B 20425.94* 20450.81*
year = 1415 X treat (post) 9421.72 9290 82
car = 1516 x treat (post) 17783.92%** 15547.38* 2830.61
Y D (6212.52) (6080.73) (2738.57)
_ 4558.82 4592.35
year = 1617 X treat (post) 6041.94 6105.49
B 15085.98 14853.11
year = 1718 X treat (post) 10687 29 1023082
ave 3813.21%** 3464.62%** 1172.62%**
ase (304.91) 299.85 (99.32)
age? —37.83%** —34.60*** —13.33%**
a8 (3.06) (3.00) (0.96)
sex —11895.73%** —11688.95%** —3386.70***
= (987.72) 934.91 (769.00)
household size 14079.33%** 13963.05%** 6807.11***
— (743.24) (720.67) (593.60)
Num.Obs. 17193 17193 5022
R2 0.14 0.15 0.36
R2 Adj. 0.14 0.14 0.35
R2 Within 0.1 0.11 0.15
R2 Within Adj. 0.1 0.11 0.15
Std.Errors by: TA cod by: TA code by: TA code

*p<0.05,** p<0.01, *** p <0.001

Table C.2. Joint Wald tests of pre-earthquake coefficients

statistic p value

outcome test
total household pre-trend
income joint Wald

039 081
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outcome test
regular household pre-trend
income joint Wald
total household pre-trend
expenditure joint Wald

statistic

0.65

=

37

p_value
0.62

0.54
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Appendix F. Median Household Income and Annual Growth of New Zealand regions

in 2006 and 2013 (in NZD)

Medianmedian Medianmedian Asnnualannual

Regionregion Household Household Growth Rate
Income (2006) Income (2013) (%)

Auckland 63,400 76,500 2.72%

Canterbury 47,900 65,000 4.46%

Wellington 59,700 74,300 3.17%

Waikato 49,400 59,600 2.72%

Bay of Plenty 45,400 54,600 2.67%

Hawke's Bay 44,200 53,200 2.68%

Manawatu-Wanganui 41,200 50,000 2.80%

Northland 40,200 46,900 2.23%

Southland 44,200 57,400 3.80%

Otago 44,400 56,400 3.48%

West Coast 37,800 55,000 5.50%

Marlborough 45,500 55,200 2.80%

Nelson 43,900 54,300 3.08%

Tasman 43,000 53,500 3.17%

Gisborne 41,000 50,500 3.02%

Taranaki 44,700 58,400 3.89%
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Appendix H. Alternative intensity and functional-form checks
Table H.1. Continuous-MMI specification
total householdregular householdtotal household
income income expenditure

age 3957.43%** 3491.72%** 1278.85%**
(270.43) (241.24) (136.42)

age2 -39.31%*** -35.00%** -14.05%**
(2.58) (2.19) (1.48)

sex -11585.84*** -11206.81*** -3406.79%**
(1426.55) (1273.90) 465.44

Household size 15016.62%%** 14795.02%** 8219.67***
(492.31) (471.05) (601.35)

mmi_intensity X post -1114.46 -1036.31 -1001.20
(1917.09) (1790.38) (630.66)

Num. Obs. 5697 5697 1662
Adjusted R? 0.14 0.16 0.42
Within R? 0.12 0.13 0.23
Adjusted Within R? 0.11 0.13 0.23
Std. Errors by: TA code by: TA code by: TA code

*p<0.05.**p<0.01, ***p <0.001
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Code and data availability

The data used in this study are not publicly available due to access restrictions and
confidentiality requirements. The primary microdata are from Stats NZ’s Household
Economic Survey (HES) and were accessed within the Stats NZ Integrated Data
Infrastructure (IDI) under an approved project MAA2024-54 in accordance with the

Data and Statistics Act 2022 and Stats NZ microdata access protocols.

Researchers who meet the eligibility criteria may apply to access these data via Stats
NZ’s Data Lab and the IDI. Access procedures and conditions are available from Stats

NZ.

To support reproducibility, the empirical code (data cleaning scripts, variable
construction, and estimation routines) and documentation sufficient to replicate the
reported tables and figures will be made available in a GitHub upon acceptance. If an
embargo is required, the repository will provide time-stamped releases and version tags,
and the materials can be shared with reviewers through the Copernicus “access limited

to reviewers” mechanism during peer review.
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Disclaimer
Disclaimer for output produced from Stats NZ surveys

Access to the data used in this study was provided by Stats NZ under conditions designed to
give effect to the security and confidentiality provisions of the Data and Statistics Act 2022.
The results presented in this study are the work of the author, not Stats NZ or individual data

suppliers.
Disclaimer for output produced from the IDI

These results are not official statistics. They have been created for research purposes from the
Integrated Data Infrastructure (IDI) which is carefully managed by Stats NZ. For more

information about the IDI please visit https://www.stats.govt.nz/integrated-data/
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