
Proceedings of the International Conference on Industrial Engineering and Operations Management 
Bangkok, Thailand, March 5-7, 2019 

© IEOM Society International 

A Risk Management Based Econometric Modelling of 
Insurance Underwriting in Engineering Projects 

Engr. Ronwaldo J. Reyes and Marvin I. Noroña 
School of Industrial Engineering and Engineering Management, 

Mapua University 
658 Muralla Street, Intramuros, Manila, Philippines 
ron_lucian@yahoo.com, minorona@mapua.edu.ph 

Abstract

Pricing is very crucial for every underwriter in insurance industry. The premium rate set by an underwriter must obtain 
profit for the company considering that the insurance policy is at risk of numerous numbers of covered perils. Also on 
this note, the price should be at the rate that motivates people to purchase the service. The depth of this research is 
how to update the current pricing of insurance for engineering projects that will benefit the insurance company. There 
are various models with various parameters considered for setting the premium rate of the insurance of engineering 
projects. These were examined to become more compatible on the insurance of engineering projects. The outcome 
shows that premium rate will increase from 5% to 15% of the existing rate. Better insurers’ premium to loss ratio will 
be easily attained with this scenario. But on the side on the insured this is something that they would consider before 
getting the insurance. So, with this scenario the insurer should always be flexible to the wants of the insured and make 
the necessary adjustments for the benefit of the insured and insurer. 
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1. Introduction

Finance Service Industry is the elixir for every business structure. It encompasses a broad range of organizations that 
deal with the management of money. It influences all sections of the society and sectors of the economy. These are 
the industries that support a company or an individual in case a loss will incur. Among these organizations are banks, 
credit card companies, consumer finance, investment funds, insurance companies, stock brokerages and some 
government sponsored enterprises. 

Insurance instruments are only one of many options in risk management. The first, and arguably the highest priority 
in risk management, is to invest here to preventing or mitigating human and economic losses. 

The concept of insurance is a transfer of risk between the insured and an insurer. An insured will pay the appropriate 
premium to the insurer and the insurer will assume some risks from the insured, which will be defined within an 
insurance policy. The peak of this risk transfer comes when the insured suffers a covered loss and the insurance 
company should pay its absolute amount of claim.  

A significant research has been done to see the impact of property-casualty claims handling on the insurers operations, 
more specifically as it pertains to the insurer’s productivity and profitability (Epermis and Harrington, 2006). This 
was very close to engineering insurance. They both belong in the group of non-life insurance category. These claims 
will be a big factor that may make or break an insurer’s profit in engineering insurance considering these are big 
accounts.  

Another study has been done to validate the deductible of personal home owners insurance in the United States. This 
is to check if the underwriters are giving the proper deductible to every policyholder that would benefit the insured 
and insurer (Braun, 2006).  
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2. Methods 
 

2.1. Data Collection 
 

Data used for the study were primarily based on the premium and issued accounts gathered from Philippine Machinery 
Management Services Corp. The information gathered here were the primary sources of this study. These data were 
extracted from its current system of FoxPro. These were the historical data of the company. Gathering historical data 
was a method that examines historical events in order to create explanations that were valid beyond a particular time 
and place, either by direct comparison to other historical events, theory building, or reference to the present day. 
 
The study also conducted interview that was validated on the factors of risk management that will served as an input 
to the existing model. As mentioned the two types of interviews were semi-structured and unstructured 
interviews provides the opportunity to probe the validity of the factors that the study is evaluating. 
A semi-structured or unstructured interview will undoubtedly be the most advantageous approach 
to obtain data where the questions are either complex or open ended, where the order of logic of 
questioning was needed to be varied (Saunders, Lewis & Thornhill, 2000). 
 
A certain data from year 2014 was the main focus of this study. The data procured from PMMSC was used to run the 
real world scenario of the new model in insurance in engineering projects. The table below shows the summary of 
data in year 2014.  

 
Table 1. Monthly summary of premium production and claim in car & ear policy 

 
  Contractor's All Risk (CAR)   Erection All Risk (EAR)  

Month Premium Paid Claim Premium Paid Claim 
January 27,303,428.65 90,000.00 9,764,523.51 - 
February 18,723,772.81 20,000.00 1,331,149.90 - 
March 33,247,735.63 926,000.00 2,814,371.14 1,910,000.00 
April  32,441,527.57 2,892,000.00 6,676,010.07 - 
May 25,010,417.74 8,510,000.00 8,254,666.36 500,000.00 
June 21,910,367.85 - 3,750,442.50 40,000.00 
July 37,422,391.17 474,000.00 3,310,189.87 515,000.00 
August  17,927,774.12 2,023,800.00 5,863,296.99 1,000,000.00 
September 29,064,233.14 14,662,000.00 11,518,046.89 300,000.00 
October  19,929,830.02 5,502,560.00 8,292,490.06 - 
November 21,681,561.73 20,645,000.00 8,464,664.68 - 
December 14,565,395.11 9,916,000.00 3,982,611.98 - 
TOTAL 299,228,435.54 65,661,360.00 74,022,463.95 4,265,000.00 

 
2.2. Statistical Analysis 

 
The aim of this research was to find the most suitable model for pricing the insurance of engineering projects. In this 
way, the study simulated the models of insurance pricing found from related literature and applied the risk 
management factors to the real world scenario. The models were modified by considering additional variables which 
were not considered in the two theories presented on related literature. These studies were statistical and mathematical 
inclined, and have demonstrated the used of additional parameters in the models. The table below shows the procedure 
for this data analysis. 

 
Table 2. Data Analysis Procedure 

 
Input Process Output 
Current System 
parameters used in 
underwriting 

Correlate the data 
given 

Problems in underwriting 
encountered 

Premium at Risk and 
Issued Accounts to 
Member Companies of 
PMMSC 

Evaluate the 
parameters using 
multiple regression 

Established the New 
Variables will be used in 
underwriting 
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Existing Variable plus the 
new variables 

Validate the 
applicable model from 
the related literature 

Econometric Model for 
Underwriting of 
Insurance of Engineering 
Projects 

 
Table 2 shows the process of how the research questions and objectives of the study were answered on the succeeding 
sections. The first step was to examine the current system parameters used in underwriting of insurance for engineering 
projects. The data were coming from 2013 to 2014 issued accounts for CAR and EAR policy of PMMSC. 
Homogeneity/Normality Test was going to be used to determine if the data set was well modelled by a normal 
distribution. These were correlated with the data from claims occurred from these years. 
 
The statistical method used was the multiple regression to find the significant factors that inclined to risk management 
and econometrics of insurance. Before doing the multiple regression, the data were should be tested first in normality 
test to determine if a data set the goodness of fit of a normal model to the data. Based on the first step and second step, 
the new found factors together with the existing parameters were the new input to the modified premium strategy. 
 
3. Results 

 
As discussed on the statistical analysis, the first step is to use Normality Test on data gathered to determine whether 
sample data has been drawn from a normally distributed data. The study used an Anderson Darling Normality Test to 
determine the p-value for hypothesis testing. For the CAR policy, the normal probability plot and the overall number 
of data for premium production of CAR policy which has 2838 samples with a mean of 105,797 and standard deviation 
of 463,244. The obtained P-value is much lower than 0.05, therefore, the null hypothesis is rejected. The implication 
of rejecting the null hypothesis explains that it is statistically significant on the part of the insurer. The claims in 2014 
for CAR were also tested on normality test which has an outcome as follows. While on CAR policy claims paid, the 
normal probability plot of the claim in 2014 of CAR Policy. The data contained 53 samples with a mean of 1,238,894 
and standard deviation of 2,299,744. The P-value was much lower than 0.05 consequently, thus, the null hypothesis 
was rejected. This means that the paid claim is statistically significant on part of the insurer because this establish how 
good is the underwriting terms set by the underwriters.  
 
The normal probability plot of premium production of EAR Policy in the year 2014 contained 702 numbers of samples 
with a mean of 105,445 and standard deviation of 437,464. The obtained p-value from the normality test was lower 
than 0.05, therefore, the null hypothesis was rejected. With this scenario, it is statistically significant that the premium 
production of EAR policy on the part of the insurer. The same outcomes were obtained from premium production of 
CAR policy and EAR policy. It is valuable on the part of the insurer since they use these funds to repay the insured 
from the covered peril of the policy. For the claims paid of EAR policy, the normal probability plot of data of paid 
claim in 2014 of EAR policy. The number of samples is 39 with a mean of 307,564 and standard deviation of 255,598. 
The p-value of the result was below 0.05 so the null hypothesis was rejected. Accordingly, it was statistically 
significant on part of the insurer. The same results were yielded on the claim on CAR policy. These paid claims were 
the test to determine if the insured engineering project were properly evaluated by the underwriters. 
 
After doing the normality test for each data, the outcome was the same on all data throughout the test which signifies 
that it was normally distributed. Correlation was used to analyze the strength of association between two variables of 
premium productions and claim in each kind of engineering insurance. For CAR policy, the Pearson correlation 
coefficient (r) obtained was -0.222 and has a p-value of 0.489. The value signifies that if one variable decreases when 
the other increases but the amount is not consistent. These relationships demonstrate how the paid claim behaves in 
CAR policy. The insured can claim the maximum amount of insured contract value in policy but the insurer should 
be aware of its maximum exposure for each risk. In EAR policy, the value of Pearson correlation coefficient (r) was -
0.314 with p-value of 0.219. The resulted value also implies that if one variable decreases the other increases but the 
amount is not consistent. The same result was yielded with the CAR policy, both has the same pattern when it comes 
to premium production and claims. This mean that underwriting a certain risk was very crucial on part of the insurer. 
The proper parameters should be set so that when a claim will arise to a covered peril, the insurer will not suffer 
severely from these claims. 
 
The correlation coefficient between premium production and claims of CAR and EAR policy were all negative. If the 
premium production decreases, then the claim will increase. This signifies that there were problems encountered 
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during the underwriting period of an insurer. There were missing factors that an underwriting could lead to a 
catastrophic loss if these will not be addressed on the assessment of engineering projects. The data from year 2014 
were run through mini tab software to determine the additional factors on premium rate that are vital to the study. The 
statistical tool used was multiple regression to find the relationship between one or more predictor variables and the 
response variable. Some of the data procured from the Fox Pro program of the company was in nominal value like the 
type of risk and location. This was converted to ordinal value with the following relative weights. 

 
Table 3. Relative weight of exposure 

 
Type of Exposure  Scale 

Risky  1 
Slightly more Risky  2 
Obviously more Risky  3 
Strongly more Risky  4 
Extremely more Risky  5 

 
The type of risk and location were ranked on the above relative weights. As a result, the following were the samples 
for CAR and EAR data. 

 
Table 4. Sample data for car policy issued accounts 

 
 
 

 
 
 
 
 
 
 
 
 

 
The table above shows the sample data of CAR Policy that used multiple regressions. It was composed of type of risk, 
location, duration; section I – material damage and section II – third party liability. These will be the predictors while 
the response variable will be the premium rate. The whole data is placed on the appendices. On the other hand, below 
was the data for EAR Policy issued accounts. 

 
Table 5. Sample data for ear policy issued accounts 

 

 
 

Table 5 shows the sample data for EAR Policy issued accounts used for multiple regression. The parameters set as 
predictors were the type of risk, location, duration, section I– material damage and section II – third party liability. 
Together with these was the premium rate that was set as the response variable. The whole data can be seen on the 
appendices. After doing some conversion on the data, these were simulated on mini tab software. In view of this, 
below were the results on premium rate of CAR Policy using multiple regression 
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Figure 1. Multiple regression summary report for car policy premium rate 
 
 

The predictors utilized on figure 1 were the type of risk (X1), location (X2), duration (X3), section I – material damage 
(X4) and section II–third party liability (X5) while its response variable was the premium rate (Y). After setting these 
parameters, the resulted p-value for the predictors and response variable on normality test of Anderson darling were 
less than 0.10 which denoted that the null hypothesis should be rejected. This implies that they were statistically 
significant. The outcome for r-squared value was 6.08% only. This represents low variation between the predictors 
and response variable. Though the resulted value was on the low side still there were strong relationships on its p-
value. The mean of premium rate was measured versus all the predictors set on the regression model. The interaction 
between location and type of risk was significant, which indicates that the effect of one variable has on premium rate 
depends on the setting of the other variable. If the section I – material damage is set to a low setting of 4,000.00, 
increasing Type of Risk which increases the Premium Rate to 4,077,392,629.52.  
 
The model building report of multiple regression for premium rate of CAR Policy were simulated. The type of risk 
has a longer bar between the five predictors which signifies it has more incremental impact on premium rate. This was 
really an issue on part of the insurer on how much they should be rating on each type of risk. This comes on how good 
is the underwriter to give the appropriate rate for each type of risk being offered by the company. 
 
 

 
 

Figure 2. Multiple regression summary report for ear policy premium rate 
 
Figure 2 above shows the result of multiple regression on EAR Policy premium rate. The predictors were the type of 
risk (X1), location (X2), duration (X3), section I – material damage (X4) and section II-third party liability (X5) while 
the response variable was the premium rate (Y). The predictors, using normality test of Anderson darling, were 
statically significant since their p-value outcome is much lower than 0.10. The r-squared value is 14.52% of the 
percentage of variation between predictors and response variable. This value was much higher than the CAR policy 
premium rate but still they were on the low side. The relationship between the type of risk and section I – material 
damage was significant, which indicates that the effect one variable has on premium rate depends on the setting of the 
other variable. If the section I – material damage was set to a low setting of 9,724.00, increasing Type of Risk increases 
the Premium Rate to 2,094,270,000.00. The final model equation fitted on premium rate of EAR Policy was simulated; 
the predictor that has the most incremental impact was the type of risk (X1). The type of risk was always an issue for 
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projects with insurance that fall under EAR policy since it is susceptible to human error and acts of nature peril. 
Underwriter of this type of insurance should research on what must be considered for its terms and conditions.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Multiple regression summary report for car policy paid claim 
 

Figure 3 shows the multiple regression of Claim of CAR Policy, the type of claim (X1) and deductible (X2) were set 
as predictors while Claim Amount(Y) was response variable. The relationship between predictors and response 
variable were statistically significant because it has a p – value lower than 0.10 using normality test of Anderson 
darling. The percentage variation of r-squared is 31.28%. This represents still low response between predictors and 
response variable. These were because of the paid claim amount which has a limit of the contract value; it can be 
above or below the deductible. The incremental impact of deductible on the claim amount has contribute allot on the 
model. This was due to the increase in r-squared. The fitted line plot denoted the relationship between paid claimed 
amount and deductible. The deductible should be always a concern on part of the insurer because it will give them 
less liability on the insurance which they issued to the insured. Finally, below were the results for the multiple 
regression of EAR policy on its claim. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Multiple regression summary report for ear policy paid claim 
 

The figure 4 shown above was the result of multiple regression on paid claim amount on EAR policy. The type of 
claim (X1) and deductible (X2) were set as predictors while the claim amount was the response variable. The result 
of p-value is 0.006 which is much lower than 0.10 using normality test of Anderson darling. This means that the 
relationship between X1 and X2 were statistically significant. The percentage of variation has an r-squared value of 
19.50%. Again, it was consistently low for all types of response variable. This implies that there must be an adjustment 
on the predictors set for the projects insured by the insurer. In running the variables on multiple regression, it shows 
that the type of risk was the most significant among all the existing parameters of the company. This study further 
expounded to see other factors that contribute to a high premium to loss ratio incremental impact of deductible 
predictor dominates the type of claim.  

 
According to Philippine Atmospheric Geophysical and Astronomical Services Administration (PAGASA), the 
Philippines is visited by an average of 19 to 20 tropical cyclones every year because the country is located along the 
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pacific typhoon belt where some of the most powerful tropical cyclones form and pass through (De Vera, 2013). The 
exposure for this kind of weather condition was very important. An interview was conducted with the experts from 
the top 10 ceding company of PMMSC. As an outcome, they say that underwriting at an average of 10% higher than 
the normal premium rate will produce about 87% to 90% of the volume of exposure. Using the formula on related 
literature it is solved as follows. 

 
   𝑓𝑓(1.1𝑃𝑃,𝑃𝑃) =  0.87��������⃗ = exp �𝑎𝑎(1.1𝑃𝑃,𝑃𝑃)

𝑝𝑝
� �⃗�𝑎 = 1.304     (1)  

 
   𝑓𝑓(1.1𝑃𝑃,𝑃𝑃) =  0.90��������⃗ = exp �𝑎𝑎(1.1𝑃𝑃,𝑃𝑃)

𝑝𝑝
� �⃗�𝑎 = 1.053     (2) 

 
The value for volume of exposure should be only one, so get the average of the two which was equivalent to 1.2225. 
The methodology below was the more simplified equation for risk management based econometric modelling of 
insurance for engineering projects. After getting the value of α below were other variables to be used in this study. 

 
Table 6. Summary of values of variables on econometric modeling 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6 shown above is the summary of all values on econometric modelling. These were based on interviews and 
company data of PMMSC. Due to confidentiality issues, companies that were interview would like to keep their 
identity unknown. After getting the values for econometric model, this was substituted on the new model of this study. 

 
   𝐸𝐸𝑃𝑃𝐸𝐸 = 𝐸𝐸𝑅𝑅[𝑃𝑃(𝑡𝑡) = 𝑘𝑘𝑃𝑃�(𝑡𝑡)]  + [𝑃𝑃(𝑡𝑡) = 𝑘𝑘𝑃𝑃�(𝑡𝑡)]    (3) 

 

  𝑃𝑃(𝑡𝑡) = 𝑊𝑊(0) �1�̅�𝑒
−(𝑎𝑎+𝛽𝛽)𝑇𝑇��������������

𝑎𝑎+𝛽𝛽
� + 𝑘𝑘𝑘𝑘(0)𝑃𝑃�(0)

𝑎𝑎+𝑎𝑎(1𝑘𝑘�
(𝑒𝑒

(𝑎𝑎(1−𝑘𝑘)−𝛽𝛽)𝑇𝑇−1

𝑎𝑎(1𝑘𝑘)𝛽𝛽������ − �1�̅�𝑒
−(𝑎𝑎+𝛽𝛽)𝑇𝑇��������������

𝑎𝑎+𝛽𝛽
�   (4) 

 

  𝐸𝐸𝑅𝑅 =  ∑ 𝐸𝐸𝐸𝐸𝑅𝑅𝑖𝑖  ×  𝐸𝐸𝑖𝑖 −
𝑘𝑘(0)𝜋𝜋
𝑖𝑖+(1𝑘𝑘)���

(𝑒𝑒
(𝑎𝑎(1−𝑘𝑘)−𝛽𝛽)𝑇𝑇−1

𝑎𝑎(1𝑘𝑘� )𝛽𝛽�
5
1=1 − 1�̅�𝑒−(𝑎𝑎+𝛽𝛽)𝑇𝑇��������������

𝑎𝑎+𝛽𝛽
    (5) 

 
Where: 
            
RRI = Relative Risk Index = (X1 + X2 + X3 + X4 + X5)/5 
RI = Risk Index 
X1 = Type of Risk 
X2 = Location 
X3 = Duration 
X4 = Sum Insured for Section I – Material Damage 
X5 = Sum Insured for Section II – Third Party Liability 
q = Volume of exposure at time T 
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P = Market Average Premium Rate 
β = Interporal Discount Rate (subjective) 
T = Finite Time Horizon 
k = minimum premium rate 

 
Using these equations for each type of risk for CAR and EAR policy will give us the following rate as per table 7 and 
8. 

 
Table 7. New premium rate for car policy 

 
 

Table 8. New premium rate for ear policy 

 
 

200



Proceedings of the International Conference on Industrial Engineering and Operations Management 
Bangkok, Thailand, March 5-7, 2019 

 
 

© IEOM Society International 
 

Lines on tables 7 and 8 were the simulated formula of Engineering Premium Rate with Relative Risk Index factors 
like type of foundation, number of storey and basement, exposure to acts of nature, type of soil and surrounding 
property. For the risk index, the factors were the history of the principal, history of the contractor, duration, location 
and nature of work. To rate the Risk Index and Relative Risk Index the study used scaling method for risk assessment 
to determine the degree of exposure to each factors. These will decrease the premium to loss ratio up to 9.55% which 
was close to the target of PMMSC of 10% premium to loss ratio. The decrease in premium to loss ratio denotes more 
profit will be gained if the proper underwriting was made to the insured engineering projects. 
 
4. Discussion 

 
Engineering Insurance market in the Philippines is so vague when it comes to pricing because this was the only 
insurance which has no tariff on it. The underwriters have the responsibility to set the proper pricing together with its 
terms and conditions of policy. In the business of insurance industry in the Philippines, every insurance company 
should be flexible to adopt the needs of the insured. However, this note should also mean that the insurance company 
will gain some profit on the risk gave by the insured. For this to happen, below is the proposed contingency plan that 
should the theoretical outcome of this study would not be taken up by the insured. 

 
Table 8. Risk Assessment of Engineering Insurance 

 

 
 
Table 8 shows the risk assessment of engineering insurance per process. In every organization, there is a continuous 
exposure to an endless number of new or changing threats and vulnerabilities that may affect its operation or the 
fulfillment of its objectives. Identification, analysis and evaluation of these threats and vulnerabilities are the only way 
to understand and measure the impact of the risk involved and hence to decide on the appropriate measures and 
controls to manage them. Below is the process involved in risk assessment. 
 
a. Identification of Risk - This is the phase where threats, vulnerabilities and the associated risks are identified. The 

steps on identifying the risk is as follows: 
• Identifying the nature of work to be done on the project – This is to establish the nature of risk that the insurer 

will be insured. The underwriter should fully understand the engineering project into details for underwriting 
purposes. 

• Activity on site of the project – The underwriter should check the experiences of the contractor and the 
methodology on how the project is to be done.  

• Safety Measures to be implemented on the project – This should always be checked by the underwriter so that it 
could minimized the loss due third party liability of the insurer. 

• Duration of the Project – In every underwriting consideration, this is a very important factor to consider. The 
underwriter should request on the Bar Chart or Time Schedule to check on what is the main activity on the site 
and how long there were going to accomplish the project. 

• Site of Construction or Erection – The site has a very vital role on underwriting engineering insurance. The 
Philippines has so many typhoons every year, the underwriter should consider the history of typhoon on the 
location that they were insuring for them to give the appropriate underwriting terms and conditions.   
 

b. Analysis of Relevant Risks - Risk analysis is the phase where the level of the risk and its nature are assessed and 
understood. The paces on the analysis of relevant risks on engineering insurance are as follow. 

• Past history on underwriting the type of risk – In every insurance company, this should be considered and updated 
to the various covered claims that arise in an insurance policy. 

• Munich Re guidelines – As part of the company, the guidelines of the reinsurer should be always considered in 
all times so that if a covered claim will arise, they will not question on how the underwriting process was done 
before it became an insurance policy. 
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• Market Research and Analysis–Competition is always present in every market the insurance company should 
make an analysis of what is the current premium rating per every nature of work on the market so that they can 
adjust the premium rating and make the necessary changes for it to be acceptable on part of the company. 

• Proven prototype of the project – This is for the unusual engineering projects; during the underwriting stage this 
should be a requirement for the underwriter to know what could be their risk exposure. 

• Use of MRPC tool for underwriting – This is a software to gauge what could be the underwriting terms and 
conditions for the unusual engineering projects. 
 

c. Evaluation of Risk - During the risk evaluation phase decisions have to be made concerning which risks need 
adjustment on premium rate and which do not, as well as concerning on the adjustment priorities. Below is the 
requirement for this evaluation of risk. 

• Consequences of the given premium rate, deductible and policy endorsements – This should be aligned to the 
covered claims that company is encountering so that it could immediately adjust on the underwriting process. 

• Occurrence of covered peril during claims – The number of occurrence of covered peril should be checked and 
updated in the underwriting terms and conditions so that if it would happen again, the insurer would lessen their 
liability on the claim. 

 
After establishing this risk assessment on the different engineering projects, if the clients do not accept the proposal, 
below is the contingency plan for the insurer. 

 
Table 10.  Contingency plan 

 
 

 
 
 
 
 
 
 
 
 

 
 

The above was the plan of action if the broker or the insured insisted on their request to either lower the premium rate 
or lower the deductible of the project that they are going to seek insurance on that engineering project. The solution 
to this scenario is that make the lost amount multiplied by a certain factor and add this to the premium rate or deductible 
to compensate the requirements of the insured provided that only a standard coverage was being offered to them. If 
they want both premium rate and deductible to be lowered, the underwriter should take only a certain percentage to 
be retained under the treaty to lessen the risk of exposure from that insured engineering project. 
 
5. Conclusion 

 
This research provides an in depth analysis of a risk management based econometric modeling of insurance 
underwriting in engineering projects. The application of this model was only focused on two types of engineering 
insurance which are the Contractors All Risk (CAR) and Erection All Risk (EAR). These two have the same types of 
risk. It is just a matter of composition of which contract works were dominant between civil works and installation 
works. To test the data from the real world scenario, the study used the records of accounts of PMMSC. Different 
statistical tools were used to determine the relationship between the existing factors of the company, risk factors and 
econometric factors. The outcomes of the factors were all statistically significant using normality tests. This indicates 
that all the given data were normally distributed. During the correlation of variables between the premium production 
of CAR policy and EAR policy versus its claims, it was illustrated that the premium was not sufficient enough to pay 
the claims. As a result, the premium to loss ratio required by the PMMSC was not attained. These were shown on 
graph that as the claims were increased, the premium productions were decreased. Underwriting was the main reason 
for this occurrence. It means that there were factors that were not included on the premium rate evaluation. Another 
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test was made to determine the additional factors that would give low premium to loss ratio. Multiple regression was 
used to single out what would be the additional factors on underwriting insurance of engineering projects. The outcome 
pointed that the type of risk was very essential on underwriting. The type of risk was expounded to give another 
perspective of the premium. The new factors found were based on the document that the company asks from the 
insured. For CAR, the factors were the type of foundation, surrounding property, type of soil, exposure to acts of 
nature peril and number of storey and basement. In EAR, the factors were the type of equipment or machines to be 
installed, degree of exposure of the equipment or machine to human error, exposure to acts of nature perils, type of 
foundation. This was applied to the risk assessment made on the previous data of CAR policy and EAR policy 
including its previous parameters. As a modification to the existing formula of premium rate on the literature, the 
study combined the risk management and econometric modeling to make it applicable to the insurance of engineering 
projects. Econometric factors were also included on the formula like volume of exposure at time, market average 
premium rate, interposal discount rate (subjective), finite time horizon and range of premium rate. These factors were 
utilized on the engineering premium rate formula to make it more applicable to insurance of engineering projects. 
After simulating the new factors and existing factors, it was evident that there was a decrease in premium to loss ratio 
of the company which was close to the standard of PMMSC.  

 
The new found formula can be modified again by the insurance company who will use it. The factors can be increased 
in the risk management formula of this study as long as it would follow the rules of multiplication of matrices. 
Underwriting profit will increase using the new model. This will create a big impact on underwriting insurance for 
engineering projects. The underwriters can now simulate a given risk and update their guidelines using these formulas 
as their basis. The insurance company can gain additional profit from this revised premium rate. The outcome was 
also reliant on the external environmental factors which will be significant on the underwriting these kind of risk. The 
underwriters should always be updated on what acts of nature will come, so that they can put some warranty or clauses 
that will help to reduce catastrophic claims. 
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