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SUMMARY 
Insurance companies typically estimate earthquake losses for buildings using catastrophe loss models. In this 
study, we analyze the insurance loss data from the Northridge earthquake to improve existing loss models. 
Conventionally, the distribution of loss is modelled using the Beta distribution. The claims data, however, show 
that the Beta distribution combined with Dirac-delta functions at 0 and 1 to model the probabilities of zero and 
complete loss improves the fit to the observed loss distribution.  In addition, the spatial correlation between the 
losses at two locations is developed for modelling the loss distribution for a portfolio of buildings. The 
components of the correlation model are estimated using claims data and earthquake intensity data. Finally, the 
loss assessment for a portfolio of buildings is carried out using the improved uncertainty and spatial correlation 
models in order to demonstrate the importance of these models in assessing and managing seismic risks. 
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INTRODUCTION 
 
Insurance companies typically estimate seismic losses for individual buildings and building portfolios 
using catastrophe loss models (e.g., RiskLink® by Risk Management Solutions, Inc.). For a given 
earthquake, these loss models typically provide estimates of the expected loss for the building(s) of 
interest as well as the variance in the loss estimate. These models are developed using a combination 
of insurance claims data and analytical models. In this study, the Northridge earthquake claims data 
from a number of insurance companies are analyzed in order to further improve the existing seismic 
loss models. Conventionally, the distribution of a building loss for a given event is modelled using the 
Beta distribution parameterized by the loss mean and variance (Benjamin and Cornell 1970).  But the 
claims data show that the Beta distribution combined with Dirac-delta functions at 0 and 1 to model 
the probabilities of zero and complete loss fits the observed loss distribution data better. In this study, 
in addition to developing models for the mean and variance of losses, models are also developed for 
the probabilities of zero and complete loss for various building classes in order to completely 
parameterize the loss distribution.  
 
While the mean and the variance of the loss are usually sufficient to parameterize the loss distribution 
at a given site, it is important to model the spatial correlation between the losses at two locations for 
modelling the loss distribution for a portfolio of buildings. The correlation model proposed in this 
study has two components: 1) a constant global component and a 2) distance-dependent local 
correlation component. The spatial correlation model is developed from the claims loss residuals 
where the residual is defined as the difference between the observed loss at a site and the mean loss 
conditioned on the hazard at that site. Since the detailed loss data are available only from one event, 
ground-motion (GM) intensity data is used to adjust the model to take into account the variation in the 
results from multiple events. Typically the catastrophe models neglect the distance-dependent local 
correlation component between the loss residuals at two close-by sites. But Northridge data clearly 
demonstrates the presence of distance-dependent correlation between loss residuals, particularly 



visible at reasonably closely-spaced locations.  
 
Finally, the loss assessment is performed for a portfolio of buildings using the improved uncertainty 
and spatial correlation models in order to demonstrate the importance of these models in assessing and 
managing seismic risks. 
 
 
 
LOSS DATA 
 
The 1994 Northridge earthquake caused an unprecedented loss in Los Angeles for a moderate-sized 
(Mw 6.7) earthquake. The loss to the insurance industry was about $12.5B (Insurance Information 
Institute). The wide spread loss also provided a wealth of loss data that have been used over the years 
by the insurance industry to calibrate and validate earthquake loss models. In this study, we have 
revisited the development process to further improve the method in which loss models consider the 
uncertainty distribution of loss at one location and the correlation between losses at multiple locations. 
There are some challenges in using the existing Northridge loss data for parameter assessment. Later 
on this manuscript describes how these challenges are addressed in the current study. 
 
In this study, loss data from six insurance companies primarily for the single family dwelling (SFD) 
occupancy are used. The total insured value (TIV) of the buildings which were subjected to at least 
0.2g spectral acceleration (Sa) at period 0.3s is $57B and the total gross (GR) loss (i.e., losses after 
applying deductible) is $2.8B. We only consider losses due to damage to only structural and non-
structural building components. The losses exclude damage to contents (e.g., furniture) and additional 
living expenses (ALE) associated with building damage (e.g., expenses associated with hotel stay due 
to being temporarily displaced from a damaged home). 
 
While location-level loss data provides the most accurate estimates of the loss model parameters, we 
only have the zip code information about the insured properties for insurer confidentiality reasons. So 
it is not possible to accurately capture the variability of the losses within a zip code due to the 
variation in the GM intensities or soil conditions within zip codes. The other issue which is common to 
any insurance loss data is the availability of only the gross losses, which are the loss estimates 
obtained after applying deductibles to the incurred losses. This type of data, commonly known as (left) 
“censored” data, needs to be dealt appropriately for accurate estimation of the loss distribution and 
correlation parameters. This issue is even more important in this study due to the high deductibles 
associated with US earthquake insurance policies (the average deductible was around 10% for 
earthquake insurance policies during the Northridge event versus 2% for typical US hurricane 
insurance policies for residential properties). In order to estimate the distribution and correlation 
parameters, the entire loss, which includes deductible, is first calculated. This is also known as 
ground-up (GU) loss in the insurance industry. The distribution of the GU loss ratio (ratio of GU loss 
to TIV) for all the six insurance companies is shown in Fig. 1. Note that since the claims data reports 
losses below deductible as zero loss, GU =0 when GR=0. Hence the probability of loss below the 
average deductible (around 10%) in the figure is not accurate. 
 
An additional piece of information that is required for parameterizing the loss functions is the ground-
motion intensity (Sa) at the building locations. Here, GM intensities are obtained from USGS’ 
ShakeMap, which is developed based on the observed intensities at the recording stations (ShakeMap 
1994). Since the focus is only on the losses to SFD buildings, the Sa at T=0.3s, which is close to the 
fundamental period of low-rise SFDs, is considered.  
 
 
 
 
 



LOSS DISTRIBUTION 
 
 In this section, we will estimate the GU loss distribution as a function of spectral parameter (Sa at 
T=0.3s). Generally it is assumed that the loss distribution follows a Beta distribution (ATC-13 1985), 
in part because the Beta distribution can be limited between 0 and 1 and is flexible in regard to the 
shape of its probability density function. The Beta distribution is completely defined by the first two 
central moments of the sample loss data, namely, the mean and the variance. In loss calculations, the 
losses are represented using damage ratio (DR), which is the ratio of GU loss to the TIV, as functions 
of the Sa. The mean DR as a function of Sa is known as the building vulnerability function. Fig. 2 
shows the variation of DR as a function of Sa(T=0.3s) for SFD buildings as observed during the 
Northridge earthquake. The vertical stripes in the figure are indicative of the distribution of DRs in a 
zip code. In order to calculate the first two moments of the sample data as a function of GM intensity 
for vulnerability calculations, sample loss data are first grouped into different Sa bins. It is assumed 
that the buildings constructed between the 1933 Long Beach earthquake and the 1975 State Building 
Code Act requiring 1973 UBC as the 
minimum construction code for all buildings 
in communities throughout the state have 
similar vulnerability characteristics. This 
construction period is approximately 
HAZUS (2003) defined moderate-seismic 
SFD buildings. Hence the losses for 
buildings constructed during this period are 
grouped together for developing building 
vulnerability for the 1933-1975 construction 
period. For illustration, the distributions of 
DR at a low and a high intensity for the 
moderate-seismic SFD are shown in Fig. 3. Note that the bump at the zero damage is both because of 
buildings not seeing any loss at that intensity and because the GU loss is assumed to be zero when the 
GR loss equals 0 (i.e., no additional information about the GU loss is available when it is below the 
deductible). Also Fig. 3(b) shows that there is a small bump in the distribution at complete damage 
(DR=100%) and we expect that the bump would will increase progressively at higher intensities. The 
complete damage is due to collapse of buildings at high intensity GM and also due to writing off by 
the insurers of high damaged buildings even though the buildings are not collapsed. The maximum 
damage at which the insurance adjusters write off varies with the loss-adjustment policy and the 
under-writing guideline of the insurance companies. 
 
When the standard Beta distribution is fitted by equating 
the first two moments of the distribution (mean and 
variance) to the moments of the observed loss data, Fig. 
3 demonstrates that it will not be possible to accurately 
capture the bumps in the loss distribution at the end. In 
order to capture the probability of no loss (F0) and of 
complete loss (F1), it is necessary to estimate these 
parameters separately in addition to the first two 
moments of the data. In other words, the parameters F0 
and F1 are estimated from the loss data in addition to the 
two standard beta parameters in order to define the loss distribution. In general, it is a common 
practice to fit a four-parameter distribution by matching the first four theoretical and sample moments. 

Figure 1. Distribution of percentage of non-zero GU loss 
ratio (GU/TIV) for all the companies.  

Figure 2. DR (GU/TIV) as a function of Sa(g) at 
T=0.3s 



The third and the fourth moments, known as skewness and kurtosis, however, are notorious for their 
large standard errors. Estimating these moments requires sample sizes that are rarely available at 
moderate to high intensities that drive the insurance loss calculations. In this study, we propose an 
alternative approach that employs only the first two moments. In addition, the probabilities of zero 
(F0) and complete losses (F1) are used in place of skewness and kurtosis. It is quite common of having 
no loss data for deriving all the parameters for buildings with all different construction classes and age 
groups at all the GM intensity ranges of interest. So parameters like F0 and F1, which are easy to 
understand and can be developed from engineering calculations, are more suited for catastrophe risk 
modeling compared to skewness and kurtosis. 
 

 
The 4-parameter Beta probability distribution used in this study is a mixture of discrete (delta 
functions at 0 and 1) and continuous random variables (standard Beta distribution between 0 and 1), 
whose cumulative density function (CDF) is described below: 
 

ሻݔሺܨ ൌ ܨ	  ሺ1 െ ܨ െ	ܨଵሻ. ;ݔ௧ሺܨ ,ߙ ሻߚ 	 ݔሺߜ െ 1ሻ
௫
                                 ( 1 ) 

 
where δ denotes the Dirac Delta function, which is defined by: 
 

ሻݔሺߜ ൌ 	 ቄ
∞,				x ൌ 0

						0, otherwise                                                                                    ( 2 ) 

 
such that 
 

 ݔሻ݀ݔሺߜ ൌ 1
ାஶ
ିஶ                                                                                                     ( 3 ) 

 
where Fbeta() is the cumulative Beta distribution function between 0 and 1, and  and  are the 
parameters of Beta distribution. The probability density function (PDF) of 4-parameter Beta 
distribution is given below: 
 

݂௧ሺݔሻ ൌ ൝
ݔ					,ܨ ൌ 0																													
ሺ1 െ ܨ െ ଵሻܨ ∙ ݂௧ሺݔ; ,ߙ ሻߚ
ݔ						,ଵܨ ൌ 1																												

,				0 ൏ ݔ ൏ 1,	                                    ( 4) 

 
where fbeta() is the Beta density function.  
 
Censored Data: Maximum Likelihood Estimation (MLE) of Distribution Parameters 
 
As discussed before, insurance loss data cannot be used directly to estimate the parameters of the 
distribution due to relatively large deductibles associated with earthquake insurance policies (i.e., 

(a) Low intensity (b) High intensity 
Figure 3. Distribution of damage ratio at low and high ground-motion intensities  



“censoring” of the loss data below the policy deductible). In particular, the value of F0 will be 
considerably overestimated if the loss data are used as such because the zeros in the loss data generally 
correspond to GU loss being below deductible and not being zero as such. Maximum Likelihood 
Estimation (MLE) can be used to fit the parametric distribution (Eqn. 1) to censored data sets, by 
explicitly accounting for the portion of the distribution that is below deductible. The general 
formulation of the likelihood function for loss data which are censored below deductible is as follows 
(Kendall and Stuart 1977): 
 

ሻࣂሺܮ ൌ ∏ ݂ሺݔ|ࣂሻ ∙ ∏ ሻࣂ|ܦሺܨ
ே
ୀଵ

ே
ୀଵ 	                                                                   (5) 

 
where f(x|) is the probability density function (here Beta), F(x|) is the cumulative distribution 
function,  is the vector of distribution parameters (here ,, F0 and F1), N is the number of loss data 
above deductible and NC  is the number of loss data points below deductible Dj. In MLE, the 
distribution parameters are estimated by maximizing the likelihood function. 
 
Fig. 3 shows the MLE fit of 4-parameter Beta distribution to the loss data at a low- and a high-
intensity GM. The two-parameter Beta distribution fit to the data by the commonly used method of 
moments is also shown in the figure for comparison. A comparison of the loss results from these 
distributions with those observed will be shown later on. The process of MLE fit is repeated at 
different intensity bins for estimating the 4-parameters of the distribution as a function of intensity. 
This gives us the vulnerability functions for estimating losses in catastrophe risk models. 
 
 
SPATIAL CORRELATION 
 
The distribution model discussed in the previous sections is required for estimating the loss 
distribution for a single building. In order to estimate the loss distribution for a portfolio of buildings, 
we need information about the correlation between losses for all the pairs of buildings. The spatial 
correlation model developed in this study has two components: 1) a constant global correlation term 
(G) and 2) a distance-dependent local correlation term (L) (Fig. 4). The global component is the same 
for any two pair of sites. This component takes into account the correlation of losses between two 
locations during an event induced by the unique characteristics of that event not captured by the 
catastrophe model (e.g., stress drop). The local component, on the other hand, depends on the 
separation distance between the sites. It is highest at the zero separation distance and reduces to zero at 
large separation distances. This correlation at two closely-spaced sites is due to similarity in local site 
effects (similar terrain, similar soil conditions etc.), similarity in the path effects (e.g., earthquake 
wave propagation path), similarity in the design and quality of constructions, and many other factors, 
which are not explicitly considered in the model.  
 
The spatial correlation model is developed from the residuals of DR. The residual is the difference 
between the observed loss at a site and the mean damage ratio conditioned on the hazard at that site. 
The DR at a site can be written as follows: 
 

,ܴܦ ൌ ݃൫ݏሺ,ሻ, ൯ࣁ  ,ߝ 	ߚ                                                                            ( 6 ) 
 
 where DRi,j is the damage ratio at location i during event j, g() is the vulnerability function defining 
the mean DR as a function of spectral intensity, sa(i,j), η denotes the set of parameters defining the 
characteristic of the building at location i (e.g., construction type, building age, etc.) that will impact 
the mean damage ratio, , i,j is the residual error term that denotes the uncertainty in the damage ratio 
that varies from one location to another, and βj denotes the inter-event error term in the damage ratio 
that is constant for a given event and does not vary from one location to another. A positive value of  
implies that the event in consideration produces above average damage ratios at all the locations. The 
sum of the two residuals is the total residual. The formulation shown in Eqn. 6 is called a mixed-
effects regression model (Brillinger and Preisler 1984), which helps to separate the total residuals in 



different components, and is commonly used in modelling earthquake hazards (e.g., Campbell and 
Bozorgnia, 2008). 
 
Let σ denote the standard deviation of the residual term ε and τ denote the standard deviation of the 
event term β. It can be shown that the correlation between the damage ratios at sites i and i’ from event 
j equals: 
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ఛమశఙమ
  

         ൌ ீߩ   ሺ݄ሻ                                                                                                (7)ߩ
 
 where ρ(h) denotes the correlation between the damage ratios at locations i and i’ that are separated by 
distance h, and ρε(h) denotes the correlation between the 
residuals εi and εi’. ρε(h) arises because even the residual error 
term that varies across sites is not independent from one site to 
another. It is observed in the claims data that the residual error 
term has distance-dependent correlation, with the correlation 
decreasing with distance.  
 
Note that the first term in Eqn. 7, which is independent of 
separation distance, arises because the damage ratios at both 
the sites contains the identical event term () which creates 
some correlation between the damage ratios. The second term 
arises because the residual term () itself is correlated from one location to another. The first term is 
referred to as global correlation (G) in Fig. 4, while the second term is the distance dependent local 
correlation (L).  
 
The above formulation implicitly assumes that the correlation is both stationary and isotropic, which 
implies that the correlation is only a function of the separation distance and does not depend on the 
actual location of the sites or the azimuth of the line connecting the sites. The validity of these 
assumptions is discussed in detail for GM intensities by Jayaram and Baker (2009). It is assumed here 
that these assumptions are also applicable to building losses, which are functions of GM intensities. 
But these assumptions cannot be verified because of lack of location-level loss data from multiple 
earthquakes (although verified for losses from multiple hurricanes for large number of insurance 
companies in Gulf states and Florida). 
 
Local Correlation (L) 
 
It is commonly assumed that the local correlation between loss residuals at two close-by sites is 
negligible. But it is seen from the Northridge data (Fig. 5) that there is a strong correlation between 
loss residuals at reasonably closely-spaced locations. The local correlation is estimated using a 
semivariogram, which is commonly used in geo-statistics to measure the spatial dependence in a 
random field. Let ε = [ε1, ε2,, εn] denote a spatially-distributed vector of the residual error term ε, and 
let ߳̃ denote the normalized residual term, which equals ε divided by σ. For correlation computation, it 
is more convenient to work with the normalized residuals than the residuals since the normalized 
residual has unit variance, although their correlations are the same. The semivariance is a measure of 
dissimilarity between the random variables and is related to the spatial correlation between the ߳̃s. Let 
i and j denote two locations separated by distance h. The semivariance, γ(i,j), is defined as  
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The computation of the semivariance as defined in Eqn. 8 requires repeated measurements of ε at 

 

Figure 4. Correlation model 



locations i and j. This is rarely available (for instance, it is very rare to have a large number of 
earthquake recordings at two sites i and j). It is common, therefore, to use the stationary 
semivariogram instead, which is computed by assuming that the random function ߳̃ is both stationary 
and isotropic. Based on these assumptions, it can be stated that γ(i,j) is independent of i and j, and 
depends only on h. Hence γ(i,j) is represented by γ(h). γ(h) can now be computed simply using all pairs 
of ߳̃s in the data set that are separated by distance h, as follows: 
 

ሺ݄ሻߛ ൌ
ଵ

ଶேሺሻ
∑ ሾ߳̃ െ ߳̃ାሿଶ
ேሺሻ
ୀଵ                                                                              ( 9 ) 

 
where (߳̃i, ߳̃i+h) denotes a pair of epsilons at sites separated by distance h, and N(h) denotes the number 
of such pairs. 
 
Let ߳̀	 denote the total residual which equals the sum of the event term (β) and the error term (ε) 
normalized by σ. Hence, Eqn. 6 can be written as follows  
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In the above equation, the event notation j has been left out since these calculations are performed by 
event. Further, the semivariance of ߳ ̀from a single event based on Eqn. 10 equals 
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In other words, ε,  ߳ ̀ and ߳̃ all have the same semivariogram. The spatial correlation is related to the 
semivariance as follows (e.g., Goovaerts 1997, Jayaram and Baker 2009): 
 

ఌሺ݄ሻߩ ൌ 	1 െ  ሺ݄ሻ                                                                                                ( 12 )ߛ	
 
This ߩఌሺ݄ሻ can be used in combination with Eqn. 7 to obtain the local correlation, ߩሺ݄ሻ. We are using 
a semivariogram to estimate correlation as against correlogram directly because the semivagriogram, 
which averages squared differences of the residual, tends to filter out the influence of a spatially 
varying mean. 
 
While Eqn. 11 provides the empirical semivariance estimate, it is necessary to fit a smooth continuous 
function through the empirical estimates for prediction purposes. An exponential model is selected as 
the predictive model for fitting the semivariance to the loss data as a function of separation distance 
(h). In particular, 
 

ሺ݄ሻߛ ൌ ሺ݄ܫ݊	  0ሻ  ሺܽ െ ݊ሻ ∙ ሺ1 െ ݁ିଷ/ሻ                                                      ( 13 ) 
 
where a and b are the sill and the range of semivariogram respectively, n is called the nugget effect, 
and I(h>0) equals 1 when h>0 and 0 otherwise. Note that the exponential model has been selected over 
the Gaussian model since it has been found that the exponential model works better for modelling the 
spatial correlation of GM intensities (Jayaram and Baker 2009).  It is expected that the same holds true 
for correlation of losses which is a function of GM intensity (also supported by insurance loss data for 
multiple hurricanes in Florida). 
 
The estimation of the semivariogram is particularly tricky since we generally have irregularly 
distributed data and typically have few data pairs at shorter distances. But modelling the correlation at 
the shorter distances accurately is of paramount importance for estimating the joint distribution of loss 



for portfolios of buildings. In this study, the exponential model is ensured to fit the empirical data well 
at short distances, even if this requires somewhat misfitting the data at large separation distances. The 
losses at large separation distances have small correlations, and in addition, the losses at widely 
separated sites have little impact on each other due to ‘shielding’ of their influence by more closely-
located sites (Goovaerts 1997).  
 
The loss data are used to fit the model in Eqn. 13 
and the resulting fit is shown in Fig. 5. This fit, 
however, cannot be used directly since this is based 
on only one event. It has been shown by Jayaram 
and Baker (2009) that there are significant 
differences in the correlation of GM intensities 
from one earthquake to another. Fig. 5 shows the 
site-to-site correlation of GM intensities for 
Northridge earthquake and the average correlation 
from a number of earthquake events (Jayaram and 
Baker 2009). The Northridge correlations are seen 
to be smaller than the average correlations. In 
anticipation that the hazard correlation trend will 
also be reflected in the loss correlation, the correlation values based on the Northridge loss data are 
multiplied by the ratio of the intensity correlation for average earthquakes and Northridge at each 
separation distance in order to obtain the proposed model for this study.  
 
In addition, the correlation model in Fig. 5 needs further refinement since only the zip codes of the 
sites are available to us. Since the zip-to-zip distances are used for calculating the distance between 
sites, the correlation at zero distance is underestimated. The correlation at zero distance as shown in 
Fig. 5 actually represents the correlation at the average site-to-site distance (davgZip) within zip codes. 
Hence, it is assumed that the zero distance shown in Fig. 5 is actually davgZip, and the semivariogram is 
simply extrapolated to 0 distance, thereby reducing the nugget and increasing the correlation at zero 
separation. Based on this logic, the correlation at zero separation is increased by around 50% 
corresponding to a davgZip of roughly 2km. 
 
Global Correlation (G) 
 
As described earlier, the global correlation term captures the characteristics (not explicitly considered 
in the catastrophe model) that cause different events to produce above or below average losses at all 
the locations (Eqn. 6). In order to estimate the global correlation, it is necessary to have site-level loss 
data from multiple earthquake events. Unfortunately, we have detailed earthquake loss data only from 
the Northridge earthquake. Hence G is estimated from GM intensity data which are available in 
abundance, and it is assumed that the loss global correlation will be comparable to the hazard global 
correlation. Based on Eqn. 7, this is done by first estimating the standard deviation of the residual term 
(σ) and the event term (τ), and subsequently using these estimates to calculate G. 
 
Eqn. 6 which is called the mixed-effects regression model is commonly used for developing ground-
motion prediction equations (GMPE). This formulation facilitates separating the total residuals into 
inter-event () and intra-event () residuals. The ground-motion modelers also provide estimates of the 
standard deviations of these residual terms, which vary from period to period. The variation of G with 
period (T) based on the σ and τ from Campbell and Bozorgnia (2008) and Jayaram and Baker (2011) is 
shown in Fig. 6. Note that the former approach does not consider the correlation of intensities at the 
nearby locations, whereas the latter one does in the estimation of the variance of the residuals. The 
consideration of correlation reduces G by about 70%. This result is adopted in this study for G. The 
final correlation model is shown in Fig. 5. 

Figure 5. Correlation in Northridge loss data 



 LOSS RESULTS 
 
The 4-parameter distribution model and the correlation 
model developed in this study are used for calculating the 
losses for a portfolio of buildings. The portfolio comprises 
of a random selection of 10,000 policies out of 250,000 
total policies provided to us by the insurance companies. 
The portfolio loss is calculated based on the expected Sa as 
estimated by the USGS ShakeMap at the building sites for 
the Northridge earthquake for the following cases:. : 
 

1. Case 1-Existing Approach: Loss distribution is 
defined by a 2-parameter Beta where the 
parameters are estimated by the method of moments. Site losses are assumed to be 
independent. 

2. Case 2- Developed Approach: Loss distribution is defined by a 4-parameter Beta where the 
parameters are estimated by MLE by taking into account that the losses below deductible are 
censored. Site-to-site loss correlation is defined by a local term and a global term (Eqn. 7). 
 

As described before, the parameters of the distribution 
are estimated as a function of Sa by grouping the 
observed loss data to different Sa bins. These results 
are used for calculating the parameters at different 
values of Sa at the building sites. Random loss samples 
are simulated from the two cases of distribution of 
losses only for buildings (i.e., no consideration of 
content and ALE losses) in Northridge earthquake. 
Note that the losses at different sites in Case 1 are 
simulated independently. The losses in Case 2, on the 
other hand, are correlated as defined in Fig. 5. The 
losses of structural and non-structural components of 
buildings constructed during 1933 to 1975 only are 
shown here for illustrating the difference in the results from the two different cases. In addition, the 
process is repeated 10 times in order to minimize the sample-to-sample variation in the results. In all 
the simulations, the GU and GR losses of the portfolio of buildings are calculated and the results are 
compared with those observed during the Northridge earthquake. Fig. 8 shows the comparison of loss 
distributions for zero and non-zero loss for Cases 1 and 2. The GU distribution from Case 2 is very 
close to that observed from the claims data, whereas the conventional approach (Case 1) results in a 
different distribution because of the deficiency of the 2-parameter Beta distribution in terms of 
modelling zero losses. The GU loss distribution for Case 2, however, should be lower than those 
observed because GU= 0 when loss is below deductible. The GR loss distribution, however, is quite 
similar for all the cases. Fig. 9 compares only the non-zero loss distribution for different cases with the 
observed data. The figure clearly demonstrates that the distribution from Case 2 is much closer to the 
observed for both GU and GR losses.  
 
The other advantage of using the 4-parameter distribution is that it improves the efficiency of the loss 
assessment procedure, particularly when a simulation approach is used. In simulation, when the loss 
distribution is defined by the 4-parameter Beta distribution, the loss samples are drawn by inverting 
the Beta distribution only when the losses are neither zero nor 100%, as defined by F0 and F1. In other 
words, the Beta inversion is only done (100-F0-F1)% of the time, unlike for the 2-parameter 
distribution where the Beta inversion has to be done 100% of the time. For portfolio loss calculations, 
this can reduce the computation time significantly for the simulation of loss samples. We have 
observed50-250% reduction in the computation time for large portfolios with around 100-300k 
insurance policies when analyses were carried out for large number of earthquake events for the 
calculation of the exceedance probabilities of losses for insurance risk management. . 

Figure 6. Global correlation based on 
Campbell and Bozorgnia (2008) and 
Jayaram and Baker (2011). 

Figure 7. Comparison of non-zero and zero loss 
distribution for different cases with the 
observed. 



CONCLUSION 
 
This study explored the use of a new 4-
parameter loss distribution model and a 
spatial correlation model intended at 
improving the loss estimation for building 
portfolios. In particular, the use of the 4-
parameter loss model was aimed at better 
modeling the probabilities of observing 
zero and complete damage at a given 
ground-motion intensity. These 
probabilities have been estimated using 
claims data from the Northridge 
earthquake. In addition, a spatial 
correlation model was developed, which 
has a distance-independent global term which is induced by unmodeled event characteristics that 
affect all the locations during a given event. The correlation model also has a distant-dependent local 
term, which is induced by many unmodeled local parameters, e.g., local site condition, building 
characteristics, etc., defining the site-to-site correlation of loss during an event. The parameters of the 
correlation model were also estimated from the insurance loss data. Since the loss data was only 
available for a single event, the estimated correlation parameters were adjusted to take into account the 
variation among the events by using the corresponding information from GM intensities. Also the 
global correlation parameter is developed purely based on the GM intensity data since this parameter 
cannot be estimated without having loss data from multiple events. These models were then used to 
calculate the loss distribution for a portfolio of buildings. The results showed that the distribution of 
loss results from the developed models is superior to that estimated using the conventional 2-
parameter Beta distribution with no site-to-site correlation term. The developed model is also efficient 
when loss calculations follow simulation approach. 
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different cases with the observed in Northridge earthquake. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


