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Motivation
▪ Residential property damages as a result of
weather-related hazards are covered by the Public
Insurer of New Zealand.
▪ The effect of climate change is likely to translate
into higher property damages and thus an
additional liability for the Public Insurer.
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There is a positive correlation between extreme rainfall
events and residential property damage

Note: Percent change times series: extreme events, number and value of
insurance claims as a result of residential property Gender
damages peer
in Neweffects
Zealand
Source: The authors
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Research questions

1) What are the Public Insurer’s expected
future liabilities, given future climate
projections?
2) How much more will the Public Insurer
have to pay in the future as consequence of
anthropogenic-induced climate change?
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Paper in two slide – setup
1. Estimate the relationship (i.e. damage function)
between extreme precipitation events and
insurance pay-outs.
2. Apply the estimated regression coefficients to
future climate change scenarios to project the
value of insurance claims in the future.
3. Calculate climate change signal i.e. percent
changes between past and projected
damages.
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Paper in two slide - results
▪ Liabilities from property damage as result of climate
change vary -increase or decrease over time and space
▪

▪

Climate change signal ranges between an increase of 7% and 8%
higher in the period 2020 to 2040, and an increase of 9% and 25%
higher in the period 2080 to 2100, depending on the greenhouse
gases emissions (RCPs) scenario
Northernmost areas of NZ will experience less damages, and
southernmost areas will experience the highest levels of damages
for RCPs 4.5 and 8.5 in the period 2080 to 2100

▪ Observed property damages are heavily driven by
exposure
▪

Grids with damages are closer to the shoreline and waterways
(rivers); are within flood prone areas and lower elevations; have
higher economic potential and have
higher
Gender
peernumber
effects and value of
residential assets than grids without damages.
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Related literature – Projecting damages
▪

Bouwer (2013)
▪
▪

▪

Provides a classification of studies that project future losses
from weather extremes.
Studies differ in their approach (IAMs, CGEs, risk models)
type of hazard, spatial scope, changes in hazard, and climate
scenarios, as well as how they consider future changes in
exposure and vulnerability.

Pinto et al (2007), Leckebush et al (2007), and Klawa and
Ulbrich (2002)
▪

▪

Model the empirical relationship between weather-related
insurance pay-outs using risk models.
Project future losses using GCMs and find increases in losses
as s result of climate change. Gender peer effects
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Public Insurance cover scheme (1)
▪ Insurance cover:
▪ Building, land, and contents damage from
rainfall-induced landslips
▪ Land damage from floods and storms
▪ Insurance cover caps:
▪ Building cap: 150k NZ$
▪ Contents cap: 20k NZ$
▪ Land cap: value of the land
▪ Private insurer covers any remaining value above
Gender peer effects
the cap
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Insurance cover scheme (2)

Source: EQCover Guide, EQC Act 1993
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Empirical strategy (1): Estimate damage function
1.

Estimate the relationship (i.e. damage function) between extreme
precipitation events and insurance pay-outs.

𝑌𝑖𝑡 = 𝛽1 𝑯𝒂𝒛𝒂𝒓𝒅𝑖𝑡

+ 𝛽2 𝑬𝒙𝒑𝒐𝒔𝒖𝒓𝒆𝑖
+ 𝛽3 𝑽𝒖𝒍𝒏𝒆𝒓𝒂𝒃𝒊𝒍𝒊𝒕𝒚𝑖
+ 𝜽𝑡 + 𝜺𝑖𝑡
▪
▪

𝑌𝑖𝑡 = Total pay-outs (NZ$) in grid i and time t
𝐻𝑎𝑧𝑎𝑟𝑑𝑖𝑡 = Count of the number of extreme precipitation events in

grid i and time t, based on the 95th, 98th and 99th percentile of observed
daily precipitation from a time series between 2000 and 2018.
The percentile thresholds are defined separately for each grid and only
wet days are considered for the calculation. To account for antecedent
conditions, we calculate the same percentile
thresholds
for up to five days
Gender
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of accumulated rain.
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Empirical strategy (1): Estimate damage function
▪ 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑖 = Total number and value of buildings, appurtenant
structures, and contents, and land area exposed
▪ Share of properties located in: coastal and riverine flood prone areas,
and with landslip susceptibility;
▪ Share of properties located in soils with poor drainage, low
permeability and high water availability;
▪ Average slope, elevation (above mean sea level), distance to water
bodies (rivers and lakes), floor height (above ground);
▪ Share of properties located in areas with economic potential.
▪ 𝑉𝑢𝑙𝑛𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝑖 = Share of buildings with: vulnerable materials; in
deficient condition.
▪ 𝜃𝑡 = time fixed effects

▪ 𝜀𝑖𝑡 =

disturbances
▪ Robust standard errors and fixed-effects
at grid
level
i
Gender
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Empirical strategy (2): Apply regression coefficients
2.

Apply the estimated regression coefficients to future climate
change scenarios to project the value of future insurance
claims
▪ We use a suite of six Coupled Model Intercomparison
Project (CMIP-5) climate models.
▪ The climate models reflect the past climate (1971-2005)
and project future climate under different green house
gasses scenarios (RCPs 2.5, 4.5, 6.0, 8.5).
▪ We count the number of future extreme rainfall events
as the number of times modelled future rainfall exceeds
the percentile thresholds (95th , 98th, 99th) from the
model past data from the same simulation
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Empirical strategy (2): Apply regression coefficients
Climate
Models

Climate Past
(Historic)

Source: Tait et al., (2016)

Climate Projections
(RCPs)
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Empirical strategy (3)
3.

Calculate climate change signal i.e. percent changes
between past and projected damages.
▪

To quantify the expected impact of climate change on
damages, we compare the predicted damages using the
past model of the climate for the years 1986 to 2005, with
the damages based on future climate projections (RCPs) for
each of the periods 2020-2040, 2040-2060, 2060-2080,
2080-2100.
𝑛
σ
𝐶𝐶 𝑠𝑖𝑔𝑛𝑎𝑙𝑝𝑑 = 100 * 𝑖 (𝐶𝐹𝑢𝑡𝑢𝑟𝑒𝑖𝑝𝑑 −𝐶𝑃𝑎𝑠𝑡𝑖𝑝𝑑 )
σ𝑛𝑖 (𝐶𝑃𝑎𝑠𝑡𝑖𝑝𝑑 )

▪
▪
▪

d = days, from 1 up to 5 days of accumulated precipitation
p = percentile threshold values
Gender peer effects
i = grids
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Results

▪ Damage function

Gender peer effects
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Historical relationship between extreme
precipitation events and damage

Gender
Note: This table presents the coefficients on extreme weather
eventspeer
fromeffects
a series of regressions of
insurance claims on extreme events. Each coefficient in the table comes from a separate regression.
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Magnitude of the relationship
▪ Column (3) of Table 3 presents results from a series of OLS
regressions of the value of total payouts, adjusted for
inflation to 2017 NZ$ values, on extreme weather counts.
▪ Using our first definition of extreme event, rainfall above the
95th percentile for one day of accumulated precipitation, we
estimate that one additional extreme event in a grid cell and
year is associated with a NZ$ 319 increase in pay-outs.
▪ As we vary our definition of extreme event in the
subsequent rows of the table, the estimated coefficients
range from NZ$ 132.4 to NZ$ 887.9; all are statistically
significant at the 0.01 level.
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Results

▪ Projections
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Projected future liabilities with all climate models for
the changing hazard (in NZ$ millions)
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Magnitude of the projections across models
and RCPs
▪ Differences across models are not very large, though some
models do have a flatter profile across time than others (e.g.,
the NOAA -USA model).
▪ We also observe, as can be expected, the differences
between the RCP scenarios are more pronounced later in the
century than they are in the near future (2020-2040).
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Results

▪ Climate change signal
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Increase in liabilities for the Public Insurer due
to climate change: average of all climate models

Note: These results are calculated for the average one day of accumulated
precipitation and 99th percentile. The table averages results across six climate models,
Gender peer effects
for each RCP and time horizon.
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Spatial distribution of climate change signal at grid
level. RCP 4.5 for the time period 2080-2100
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Spatial distribution of climate change signal at grid
level. RCP 8.5 for the time period 2080-2100
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Conclusion
▪ Climate change will increase future liabilities of the
Public Insurer of New Zealand.
▪ Our results are consistent with findings in previous
literature showing that projections from weatherrelated risk will increase as result of climate change.
▪ Our projections do not consider future changes in
exposure and vulnerability. Thus, changes in future
damages are driven exclusively by changes in the
hazard, due to climate change, given current
conditions.
Gender peer effects
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End of slideshow, click to exit.
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