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Company’s Loss Ratio Regression
Introduction

I involved in some P&C business last year when I was in China. I was very interested in what factors have impact on the business quality, e.g. ultimate loss ratio. Now after I took VEE Regression course, I want to use the techniques I learned to do an analysis on the loss ratio regression as my student project. 
I regressed ultimate loss ratio (accident year) on the Consumer Price Index (CPI) and Premium Increase Rate (PIR), and examined their significance. 
Data

The data of this project came from two data sources. The company’s loss ratios and Premium Volume Increase Rates were gain from internal data source. I did some transform on original company's data because of confidential reason. I multiplied and subtracted the original figures by some factors, and added a random draw. So the figures in this report are not true. 

Economic data CPI were collected from website of National Bureau of Statistics of China (http://www.stats.gov.cn/tjsj/). I collected the monthly Consumer Price Index from January 2000 to August 2011. The CPI is adjusted for seasonality. I then use average value to present quarterly results.
Topic

Analyze the impacts of inflation (CPI) and business progress (PIR) factors on the business quality (ULR). Check their influence and outlier data points. Find out if some factors are not significant.
Regression
At the first step, I plotted the ultimate loss ratio and factors respectively to examine the data. Chart 1 and chart 2 are presented below.
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In my first glance observation, there may be stronger linear relation between CPI and ULR, than that between PIR and ULR.

Regression Model
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Variables
	Variables
	Definition
	Description

	Y
	Response variable
	Quarterly Ultimate Loss Ratio (accident year)

	X1
	Explanatory variable 1
	Quarterly average CPI figures

	X2
	Explanatory variable 2
	Quarterly Premium Volume Increase Rate

	
	
	


Regression 1 (basic) 
See in Tab [Reg 1 (base)]
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	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.528978
	
	
	
	
	
	
	

	R Square
	0.279817
	
	
	
	
	
	
	

	Adjusted R Square
	0.183793
	
	
	
	
	
	
	

	Standard Error
	0.035247
	
	
	
	
	
	
	

	Observations
	18
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	2
	0.00724
	0.00362
	2.914026
	0.085275
	
	
	

	Residual
	15
	0.018635
	0.001242
	
	
	
	
	

	Total
	17
	0.025875
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	-0.01553
	0.305627
	-0.05081
	0.960144
	-0.66696
	0.635899
	-0.66696
	0.635899

	CPI
	0.006274
	0.002954
	2.123658
	0.050741
	-2.3E-05
	0.012571
	-2.3E-05
	0.012571

	PIR
	-0.051
	0.054065
	-0.94328
	0.360484
	-0.16624
	0.064239
	-0.16624
	0.064239


As can be seen from the regression statistics above, adjusted R square is only 18%. In other words, about 18% of the variation in the response variable can be explained by the linear combination of explanatory variables (CPI and PIR). 
T value of CPI (2.124) indicates that CPI is significant in the explanation of the response variable at 6% level, but insignificant at 5% level. P value of 0.0507 shows that null hypothesis will be rejected only at significant level of 5.07%.
As to testing result of PIR, its T-Stat is very small and shows it is insignificant. P-value (0.36) indicates the probability reaches 36% while null hypothesis (
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 = 0) is true. 
Regression 2 (time lag)
See in Tab [Reg 2 (lag)]
While think over that business quality may be related to inflation and company’s sales policy, however, there may be a time lag between these factors and their impacts on loss ratio. So a correlation testing is done to find their time lags. 

After calculated correlations and autocorrelation between ULR(t) and CPI (t), PIR(t), I found lag 2 (quarter) is most obvious. So, the new regression model becomes,
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	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.762656
	
	
	
	
	
	
	

	R Square
	0.581643
	
	
	
	
	
	
	

	Adjusted R Square
	0.517281
	
	
	
	
	
	
	

	Standard Error
	0.025449
	
	
	
	
	
	
	

	Observations
	16
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	2
	0.011706
	0.005853
	9.036985
	0.003468
	
	
	

	Residual
	13
	0.00842
	0.000648
	
	
	
	
	

	Total
	15
	0.020125
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	-0.21281
	0.220796
	-0.96383
	0.352717
	-0.68981
	0.264191
	-0.68981
	0.264191

	CPI (t-2)
	0.008262
	0.002134
	3.870868
	0.00193
	0.003651
	0.012873
	0.003651
	0.012873

	PIR (t-2)
	-0.0615
	0.043127
	-1.42593
	0.177459
	-0.15467
	0.031674
	-0.15467
	0.031674


Now the regression is more efficient compared to last version. Its R square jumped to 58%. The T value of CPI (3.87) indicates that CPI is significant in the explanation of the response variable even at 1% level. P-value of 0.00193 shows that null hypothesis will be rejected only at significant level of 0.193%. However, the P-value of PIR is still over 17%, which indicates a high trend to accept (
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 = 0).
Regression 3 (Hat value of PIR)
See in Tab [Reg 3 (exl high hat point)]

There are some extreme points in PIR may cause its insignificance. So in this section, I calculated the Hat Value of PIR and built a regression model exclude these points.
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As show in the chart below, two points have extremely abnormal Hat Value.
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After exclude these two outlier points, the new regression model stat results are,

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.754242
	
	
	
	
	
	
	

	R Square
	0.568881
	
	
	
	
	
	
	

	Adjusted R Square
	0.490496
	
	
	
	
	
	
	

	Standard Error
	0.026128
	
	
	
	
	
	
	

	Observations
	14
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	2
	0.009909
	0.004955
	7.257499
	0.009779
	
	
	

	Residual
	11
	0.00751
	0.000683
	
	
	
	
	

	Total
	13
	0.017419
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 90.0%
	Upper 90.0%

	Intercept
	-0.14906
	0.239741
	-0.62175
	0.546775
	-0.67673
	0.378607
	-0.57961
	0.281488

	CPI (t-2)
	0.007724
	0.002269
	3.404098
	0.005886
	0.00273
	0.012718
	0.003649
	0.011799

	PIR (t-2)
	-0.08499
	0.092002
	-0.92383
	0.375393
	-0.28749
	0.1175
	-0.25022
	0.08023


The stat testing results do not show there is a big improvement of new regression. The R square is 57% but the Adjusted R square even decreased from 52% to 49%. The T value of PIR is -0.92, which is far away from the 5% critical value -1.753.
Regression 4 (using F- test on restricted regression)
See in Tab [Reg 4 (test restricted X2)]
In this section, I used F-test to examine whether I can only use CPI factor and exclude PIR factor. I use Regression 2 as the unrestricted model.
Null Hypothesis H0:  
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So, 
Restricted model: 
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Unrestricted model:
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N = 16, K = 3, q = 1
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The result is 2.033, even smaller than 10% critical value (3.136). That means I will not reject H0 (
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 = 0) even at 10% level. PIR is insignificant. 
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	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.718478
	
	
	
	
	
	
	

	R Square
	0.516210
	
	
	
	
	
	
	

	Adjusted R Square
	0.481654
	
	
	
	
	
	
	

	Standard Error
	0.026372
	
	
	
	
	
	
	

	Observations
	16
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	1
	0.010389
	0.010389
	14.93819
	0.001716
	
	
	

	Residual
	14
	0.009736
	0.000695
	
	
	
	
	

	Total
	15
	0.020125
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 90.0%
	Upper 90.0%

	Intercept
	-0.2544404
	0.22679
	-1.12192
	0.28077
	-0.74086
	0.231976
	-0.65389
	0.1450071

	CPI (t-2)
	0.0085178
	0.002204
	3.864995
	0.001716
	0.003791
	0.013245
	0.004636
	0.0123994


Last, I checked the residual of CPI. The Plot chat below show there is no obvious pattern between CPI and its residual. So it is homoscedastic. 
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Conclusion

Taking all the diagnostic results, Regression 2 (2 explanatory variables, time lag 2) have the highest adjusted R square. However, by using F test, a restricted regression model without variable PIR is more efficient (Regression 4).  

In model Regression 4, adjusted R square is still 48.2%, which means only 48.2% of the variation in the response variable can be explained by variable CPI. It seems we need to find more meaningful explanatory variables to describe ultimate loss ratio. 
7 of 7

[image: image1.png]75.00%
70.00%
65.00%
60.00%
55.00%
50.00%

The Relation between ULR and CPI

2006 Q1
2006 Q2
2006 Q3
2006 Q4
2007 Q1
2007 Q2
2007 Q3
2007 Q4

2008 Q1
2008 Q2
2008 Q3
2008 Q4
2009 Q4
2010Q1
2010Q2

mmm Ultimate Loss Ratio (AY) ——CPI

110.00
105.00
100.00
95.00
90.00




_1379177086.unknown

_1379184974.unknown

_1379185440.unknown

_1379185928.unknown

_1379184987.unknown

_1379178444.unknown

_1379176281.unknown

_1379176294.unknown

_1379174726.unknown

