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Motivation

• House price appreciation is very heterogeneous. (Case and Shiller, 1989)
• Indices severely underestimate risks.

• The family home has the largest weight in households’ investment portfolios.
(50% on average, OECD, 2021) 

• Housing idiosyncratic risk cannot be easily diversified away.

This paper: estimates of idiosyncratic risk in house price appreciation in NZ.
1. Is there any systematic variation in idiosyncratic risk?

• Evidence of variation across time, location, house price, and holding period.
2. Why does idiosyncratic risk vary?

• Role of credit conditions and information quality.
3. Is idiosyncratic risk priced in capital returns?

• Mostly, except across locations.
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Idiosyncratic* risk 
(*change in house price that is specific to each individual house, and 
    not explained by market fluctuations or common characteristics across houses)

• Individuals are exposed to much 
more risk than implied by indices.

• Sources of idiosyncratic risk:
• Market illiquidity
• Asymmetric information
• Shocks

Note: real prices (2021 CPI) depicted in log-scale.

Distribution of House Prices in New Zealand
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Selected papers from the literature

• Case and Shiller (AER 1989):
• probably the first to investigate cross section of house prices, reporting high standard deviation, 

and using repeat sales data to criticize index-based indicators of risk and return.
• Landvoigt, Piazzesi, and Schneider (AER 2015): 

• investigate distribution of house prices on San Diego County, finding that cheaper credit for poor 
households was a major driver of prices, especially at the low end of the market. 

• Jorda, Knoll, Kuvshinov, Schularick, and Taylor (QJE 2019): 
• calculate rate of return on everything, finding that residential real estate provides the best risk-

return investment opportunity over the long-run – however, ignoring idiosyncratic risk.
• Bourassa, Haurin, Haurin, Hoesli, and Sun (REE 2009): 

• investigate cross-section of housing returns in New Zealand, finding that appreciation depends on 
characteristics of the property and the strength of the housing market.

• Giacoletti (RFS 2021): 
• investigate idiosyncratic risk in California’s housing market, controlling for remodeling and holding 

period, and finding that risk is associated with information quality and market liquidity.
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Housing data

• Residential sales data, as reported by realtors. 
Source: Real Estate Institute of New Zealand (REINZ).

• Between 1992 and 2021, nationwide:
• About 2.5M house sales => over 1M repeat sales.
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Repeat sales model (extended from Landvoigt et al., 2015)

• Cheaper houses appreciating faster.
(convergence)

• Larger dispersion of returns for cheaper houses. 
(heteroskedasticity) 6

Model of price changes:

𝑝𝑝𝑖𝑖,𝑡𝑡+1 − 𝑝𝑝𝑖𝑖,𝑡𝑡 = 𝛼𝛼𝑟𝑟,𝑡𝑡 + 𝛽𝛽𝑡𝑡 𝑝𝑝𝑖𝑖,𝑡𝑡 − �𝑝𝑝𝑟𝑟,𝑡𝑡 + Ψ𝑋𝑋𝑖𝑖,𝑡𝑡 + 𝜀𝜀𝑖𝑖,𝑡𝑡

• 𝑝𝑝𝑖𝑖,𝑡𝑡 : log price of a house i in year t
• 𝛼𝛼𝑟𝑟,𝑡𝑡 : average price change of houses in region r
• 𝛽𝛽𝑡𝑡   : effect of house price deviation from 

regional median, �𝑝𝑝𝑟𝑟,𝑡𝑡
• Ψ : effect of changes in house features, 𝑋𝑋𝑖𝑖,𝑡𝑡
• 𝜀𝜀𝑖𝑖,𝑡𝑡  : idiosyncratic shock with mean zero and 

variance 𝜎𝜎𝜀𝜀,𝑖𝑖,𝑡𝑡
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Idiosyncratic risk

𝑝𝑝𝑖𝑖,𝑡𝑡+1 − 𝑝𝑝𝑖𝑖,𝑡𝑡 = 𝛼𝛼𝑟𝑟,𝑡𝑡 + 𝛽𝛽𝑡𝑡 𝑝𝑝𝑖𝑖,𝑡𝑡 − �𝑝𝑝𝑟𝑟,𝑡𝑡 + Ψ𝑋𝑋𝑖𝑖,𝑡𝑡 + 𝜀𝜀𝑖𝑖,𝑡𝑡

• Idiosyncratic risk = variance of idiosyncratic shocks, 𝜎𝜎𝜀𝜀,𝑖𝑖,𝑡𝑡
2

• Estimated by Maximum Likelihood from residuals of returns model: 
(assuming Normal distribution)

𝜎𝜎𝜀𝜀,𝑖𝑖,𝑡𝑡
2 = 𝑒𝑒𝑒𝑒𝑒𝑒 𝜙𝜙𝑟𝑟𝑖𝑖 + 𝛿𝛿𝑝̈𝑝𝑖𝑖 + 𝜌𝜌 𝑘𝑘𝑖𝑖 − 1 𝜎𝜎𝑡𝑡2

• 𝜙𝜙𝑟𝑟 : regional variation in idiosyncratic risk
• 𝛿𝛿   : sensitivity of risk to house price deviation from regional median, 𝑝̈𝑝
• 𝜌𝜌   : effect of holding period (𝑘𝑘) on idiosyncratic risk
• 𝜎𝜎𝑡𝑡2 : time variation in idiosyncratic risk
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How does idiosyncratic risk vary?
Effects of time, location, house price, and holding period
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Model estimates: risk parameters

𝜎𝜎𝜀𝜀,𝑖𝑖,𝑡𝑡
2 = 𝑒𝑒𝑒𝑒𝑒𝑒 𝜙𝜙𝑟𝑟𝑖𝑖 + 𝛿𝛿𝑝̈𝑝𝑖𝑖 + 𝜌𝜌 𝑘𝑘𝑖𝑖 − 1 𝜎𝜎𝑡𝑡2

• �𝛿𝛿 < 0: cheaper houses are riskier.
• House 25% cheaper than regional median 

is 4.1% riskier

• �𝜌𝜌 < 0: holding longer reduces 
idiosyncratic risk.

• Every additional year the house is held 
risk declines by 7.8%.
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Risk estimates: region and time

𝜎𝜎𝜀𝜀,𝑖𝑖,𝑡𝑡
2 = exp(𝜙𝜙𝑟𝑟𝑖𝑖 + 𝛿𝛿 ⏟̈𝑝𝑝𝑖𝑖

=0
+ 𝜌𝜌(⏟𝑘𝑘𝑖𝑖

=5
−1)) 𝜎𝜎𝑡𝑡2

• Some variation over time:
• Auckland low of 7.90% (2018).
• Auckland high of 10.55% (2002).

• Wider variation across regions:
• Nelson low of 5.83% (2018).
• West Coast high of 13.17% (2002).

Note: estimates for a median priced house in the corresponding regions and holding period of 5 
years between repeat sales.
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Why does idiosyncratic risk vary?
The roles of credit conditions and valuation uncertainty
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Regression framework

ln �𝜎𝜎𝜀𝜀,𝑖𝑖,𝑡𝑡 − ln �𝜎𝜎𝜀𝜀,𝑖𝑖,𝑡𝑡 = 𝛼𝛼 + ΛX𝑖𝑖,𝑡𝑡 + 𝑢𝑢𝑖𝑖,𝑡𝑡
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• Set of explanatory variables:
• Credit conditions: 

• Interest rate & loan-to-value ratios (LVR).
• Informational asymmetries:

• House atypicality & internet access.
• Control variables for market activity and size.

• Log estimate of idiosyncratic risk 
excluding controlled variation:

• Separate regressions focusing on Time, 
Region, Price, Hold period variation, 
and total variation in risk.



Regression results on idiosyncratic risk estimates

• Credit tightening:

↑ borrowing costs ↓ risk
     ↓ mortgage rollover
          ↑ forced sales
          ↑ pool of houses
     ↓ risk-taking

↓ LVR ↑ risk
     ↓ pool of buyers

• Valuation uncertainty:

↑ atypicality ↑ risk
     ↑ house heterogeneity

↓ internet access ↑ risk
     ↓ information access
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Notes: Each column represents a regression with dependent variable equal to the repeat sales (log) estimate of 
idiosyncratic risk excluding the controlled variation. All regressions include additional controls for market 
activity/size given by year/region/SA2 number of sales, total population, and new building consents area. 
Cluster robust standard errors are presented between brackets. ***, **, and * denote statistical significance 
at the 1%, 5%, and 10% levels of significance, respectively. 



Is idiosyncratic risk priced in housing 
returns?
And how can different estimation methods bias risk assessments?
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Risk-return across time and price

• Idiosyncratic risk is (mostly) 
priced in returns over time.

• Time-varying risk-return 
trade-offs by initial price.

• During “normal” times, the 
higher risk associated with 
cheaper houses is priced in 
higher returns.

• During housing market 
busts, the risk-return trade-
off by initial price inverts.

• Cheaper houses 
depreciate faster than 
more expensive ones.
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Note: Risk and return estimates are annualized rates for a 5-year holding period starting at the indicated year.



Risk-return across regions and holding period

• Regional variation in 
idiosyncratic risk is not priced 
in regional returns.

• Idiosyncratic risk priced in 
returns across holding periods.

• But the trade-off is relatively 
flat.
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Note: Risk and return estimates in (c) are annualized rates for a 5-year holding.



Conclusions and policy implications

• Idiosyncratic risk in house pricing varies systematically across 
time, location, house price (-), and holding period (-).
 Inequality: poorer households buy cheaper houses, hence facing higher risk.

• Across time and holding periods, risk is associated with credit conditions.
Macroprudential regulation can complement interest rate policy in the control of housing risk.

• Across regions and house prices, risk is associated with informational asymmetries.
Housing market regulation should target better access to information and transparency in 

house valuation.

• Systematic variation in idiosyncratic risk is mostly priced in returns across:
• Time: , Locations: , Holding periods: ∼, House prices: depends on state of the market.
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Thank you.
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Extra slides
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Estimation over all possible repeat sales pairs (435)
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• Time-variation in 𝛼𝛼’s and 𝛽𝛽’s identified from 
overlapping repeat sales.

• System of non-linear equations on 𝛼𝛼’s and 𝛽𝛽’s:
𝑝𝑝𝑖𝑖,𝑡𝑡+𝑘𝑘 − 𝑝𝑝𝑖𝑖,𝑡𝑡 = 𝑎𝑎𝑟𝑟,𝑡𝑡,𝑘𝑘 + 𝑏𝑏𝑡𝑡,𝑘𝑘𝑝𝑝𝑖𝑖,𝑡𝑡 − 𝑐𝑐𝑡𝑡,𝑘𝑘 + 𝑑𝑑𝑡𝑡,𝑘𝑘Ψ𝑋𝑋𝑖𝑖,𝑡𝑡 + 𝑒𝑒𝑖𝑖,𝑡𝑡,𝑘𝑘 ,

• 𝑎𝑎𝑟𝑟,𝑡𝑡,𝑘𝑘 = 𝑎𝑎𝑟𝑟,𝑡𝑡,𝑘𝑘−1 1 + 𝛽𝛽𝑡𝑡+𝑘𝑘−1 + 𝛼𝛼𝑟𝑟,𝑡𝑡+𝑘𝑘−1,
• 𝑏𝑏𝑡𝑡,𝑘𝑘 = 𝑏𝑏𝑡𝑡,𝑘𝑘−1 1 + 𝛽𝛽𝑡𝑡+𝑘𝑘−1 + 𝛽𝛽𝑡𝑡+𝑘𝑘−1,
• 𝑐𝑐𝑡𝑡,𝑘𝑘 = 𝑐𝑐𝑡𝑡,𝑘𝑘−1 1 + 𝛽𝛽𝑡𝑡+𝑘𝑘−1 + 𝛽𝛽𝑡𝑡+𝑘𝑘−1 �𝑝𝑝𝑟𝑟,𝑡𝑡+𝑘𝑘−1,
• 𝑑𝑑𝑡𝑡,𝑘𝑘 = 𝑑𝑑𝑡𝑡,𝑘𝑘−1 1 + 𝛽𝛽𝑡𝑡+𝑘𝑘−1 + 1,
• 𝑒𝑒𝑖𝑖,𝑡𝑡,𝑘𝑘 = 𝑒𝑒𝑖𝑖,𝑡𝑡,𝑘𝑘−1 1 + 𝛽𝛽𝑡𝑡+𝑘𝑘−1 + 𝜀𝜀𝑡𝑡+𝑘𝑘−1.

• 2-stages non-linear least squares. 
(1st unweighted, 2nd weighted)

1999 2001
2000 2002

𝛽𝛽2000 𝛽𝛽2001 𝛽𝛽2002𝛽𝛽1999



Model estimates: remodeling elasticities

Δ𝑝𝑝𝑖𝑖,𝑡𝑡+1 = 𝛼𝛼𝑟𝑟,𝑡𝑡 + 𝛽𝛽𝑡𝑡𝑝̈𝑝𝑖𝑖,𝑡𝑡 + Ψ𝑋𝑋𝑖𝑖,𝑡𝑡 + 𝜀𝜀𝑖𝑖,𝑡𝑡

• All estimates significant.
• Robust across samples.
• Interpretation:

+1 bedroom => +6.5% house price
+1 bathroom => +1.5% house price
+1 garage => +0.6% house price
+ 25m2 => +0.5% house price
New dwelling => +2.4% house price
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Model estimates: regional returns

Δ𝑝𝑝𝑖𝑖,𝑡𝑡+1 = 𝛼𝛼𝑟𝑟,𝑡𝑡 + 𝛽𝛽𝑡𝑡𝑝̈𝑝𝑖𝑖,𝑡𝑡 + Ψ𝑋𝑋𝑖𝑖,𝑡𝑡 + 𝜀𝜀𝑖𝑖,𝑡𝑡

• Consistent with price trends.
• Some regional variation.
• Interpretation:

• Between 2020-21, average regional 
prices increased by almost 20%.

Regional house 
prices declining

Regional house 
prices increasing
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Model estimates: initial price effect

Δ𝑝𝑝𝑖𝑖,𝑡𝑡+1 = 𝛼𝛼𝑟𝑟,𝑡𝑡 + 𝛽𝛽𝑡𝑡𝑝̈𝑝𝑖𝑖,𝑡𝑡 + Ψ𝑋𝑋𝑖𝑖,𝑡𝑡 + 𝜀𝜀𝑖𝑖,𝑡𝑡

• Mostly negative (convergence).
• Divergence during bust phases of 

housing cycle.
• Interpretation:

• Between 2004-05, a house 50% below 
the regional median appreciated about 
6.2% more than regional median 
house, on average.

• Gap between a house 50% below the 
regional median in 1992 and one 50%  
above, decreased to 51% in 2021, on 
average.House prices 

converging

House prices 
diverging
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Number of observations by region
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Descriptive statistics of explanatory variables
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Back of envelope calculation

• Relative importance of each factor in the variation of 
idiosyncratic risk:

House Region
Price 

deviation
Holding 
period Year Total risk

10th percentile 
of risk

Tasman 80% above 
median

14 years 2017 2.8%

90th percentile 
of risk

Otago 43% below 
median

2 years 2003 13.8%

Shares in risk 
difference

21% 10% 58% 11% Δ = 11pp
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Risk-return across time

Note: All risk and return statistics are annualized rates for a 5-year holding period starting at the indicated year.

• Index-based and raw repeat 
sales underestimate risk.

• Idiosyncratic risk mostly 
priced in returns over time.
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Risk-return across 
regions
• Regional variation in 

idiosyncratic risk is not priced 
in regional returns.
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Risk-return across holding periods

• Idiosyncratic risk priced in returns 
across holding periods.

• But the trade-off is relatively flat.

• Raw repeat sales misleadingly suggest 
a larger role for holding periods.
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Risk-return across initial price

• Time-varying risk-return trade-offs 
by initial price.

• During “normal” times, the higher 
risk associated with cheaper 
houses is priced in higher returns.

• During housing market busts, the 
risk-return trade-off by initial 
price inverts.

• Cheaper houses depreciate 
faster than more expensive ones.

Note: Model-based risk and return estimates are annualized rates for a 5-year holding period starting at the indicated year.
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Comparative of regional risk estimates
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