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中文摘要

在保險公司的經營管理中，利率風險是影響公司財務健全非常重要的因素，為了避免利

率風險，資產負債管理經理人經常採用傳統的免疫理論來降低此風險。然而傳統免疫理論

模型假設利率是平行移動的，而後續研究文獻已將傳統免疫理論模型推廣到利率變動是一

個隨機過程。然而，過去的文獻並未考慮由於利率的期間結構可能遵循不同的模型，因此

保險公司在作資產負債管理時將可能面臨模型風險。本研究探討在不同利率期間結構模型

下保險公司免疫策略的不同，更進一步以模擬分析方式衡量保險公司模型風險的可能損

失。我們的模擬分析結果顯示，忽略模型風險的重要性將使保公司錯估淨值，因此也會造

成公司資產與負債期間的錯置(mismatch)，如此將對保險公司的淨值造成重大衝擊。我們發

現當利率變異性較高、長期利率水準較低以及利率回速率(drift rate)較低時，保險公司的模

型風險較高。另外，模擬分析結果也顯示不管是短期或長期的財務規畫，都不應該忽略模

型風險的重要性。

關鍵詞 ：資產負債管理、免疫理論、利率風險、模型風險

I. Abstract

It is well known that insurance companies can adopt a so-called classical immunization strategy 
to hedge the interest rate risk against a firm’s surplus.  With certain adjustments, this strategy 
has been proven to be applicable even when the interest rate is under a stochastic process.  
However, the literature has recognized various models for interest rate and has proposed different 
interest rate paths under alternative models.  This paper explores and measures the model risks 
for surplus management in an insurance company.  We show that mismodeling the interest rate 
could not only misevaluate a firm’s surplus but could also cause the mismatch of a firm’s assets 
and liabilities and further create a negative shock on the firm’s surplus.  The results of our 
simulation demonstrate that the cost of failing to recognize model risks can be extremely high.  
Furthermore, we find that a high volatility in the interest rate, a low level of long-term interest 
rate, and a low momentum in the drift rate increase the model risks for surplus management.  
Our simulation results also suggest that asset-liability managers should not ignore the possible 
impacts of the model risks no matter when they undertake short-term or long-term financial 
planning.  

Keywords: asset and liability management, immunization strategy, interest rate risk, 
model risk
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II. Introduction and Research Purpose

The so-called classical immunization strategy, setting the duration of assets equal to the 
asset/liability ratio times the duration of liabilities, has been generally suggested by the literature 
(Bierwag, 1987; Grove, 1974; and Reitano, 1992) for immunizing interest rate risk against the 
surplus of an insurance company.  Bellhouse and Panjer (1981), Beekman and Fuelling (1990), 
Frees (1990), Norberg (1995), and Lai and Frees (1995) explore the impact of stochastic interest 
rates on the reserves of life insurance.  On the other hand, Briys and Varenne (1997) and Tzeng, 
Wang, and Soo (2000) have extended the traditional duration-approach to address the case where 
the interest rate follows a stochastic process.  Tzeng, Wang, and Soo (2000) show that, with 
certain adjustments, the classical immunization strategy can still be applied for surplus 
management under stochastic processes for insurance companies.  Although this line of research 
has provided some insightful strategies for asset-liability management of insurance companies, 
most papers focus on the change in interest rates but overlook the cost of mismodeling the 
process of interest rates.

Many previous studies have characterized the stochastic behavior of the interest rate.  
Vasicek (1977) recognized the mean-reverting of the interest-rate change.  Cox, Ingersoll, and 
Ross (1985) further alleged that interest rate volatility is proportional to the level of the interest 
rate.  In addition, many other models— such as those of Dothan and Feldman (1986); Ho and 
Lee (1986); Chan et al. (1992); and Heath, Jarrow, and Morton (1992)— have also provided 
alternative models for explaining the nature of interest rate processes.  These early studies 
recognized varied models for interest rates and proposed the differences in interest rate paths 
under alternative models.  

This paper first identifies model risks in surplus management of an insurance company.  By 
adopting the two most commonly used interest rate models— Vasicek (1977) and Cox, Ingersoll, 
and Ross (1985)— we measure the cost of model risks in two ways: miscalculation of a firm’s 
value and mismatch of a firm’s assets and liabilities.  Using simulation, we demonstrate that 
mismodeling the interest rate not only causes an insurance company to misevaluate a firm’s 
surplus but also could mismatch a firm’s assets and liabilities and further create a negative shock 
on the firm’s surplus.  Furthermore, we show that the cost of failing to recognize model risks 
can be extremely high.

III. Empir ical Findings and Conclusion

This paper identifies model risks against an insurance company’s surplus by comparing 
two commonly used interest rate models— Vasicek (1977) and Cox, Ingersoll, and Ross (1985).  
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In the first part of simulation, we compare the differences in parameters between Vasicek (1977) 
and Cox, Ingersoll, and Ross (1985). We find that differences in parameters between these two 
interest rate models are higher when the long-term interest rate level is low, the volatility of the 
interest rate is high, and the momentum of the drift rate is low.  In other words, a low level of 
the long-term interest rate, high volatility of the interest rate, and low momentum of the drift rate 
increase the model risks.  However, we do not have a conclusive finding with respect to an 
increase in the time horizon.  Thus, managers in insurance companies should not ignore the 
possible impact of the model risks whether they are engaged in short-term or long-term financial 
planning.  

In the second part of the simulation, we evaluate the cost of mismodeling. We measure 
the costs of model risks in two ways: miscalculation of the firm’s value and mismatch of the 
firm’s assets and liabilities.  The result of the simulation demonstrates that failing to recognize 
the model risks could cause substantial misevaluation of the firm’s assets and liabilities.  In 
addition, the simulation results also show that mismodeling could causes a mismatch of the 
firm’s assets and liabilities and exposes the firm’s surplus to interest-rate risk.  The results 
further show that the cost of failing to recognize model risks can be extremely high.  Because of 
mismodeling, misevaluation could cause about a 9.3% negative shock on a firm’s surplus, while a 
mismatch of a firm’s assets and liabilities could also cause at least a one-percent fluctuation by 
one percentage change in the interest rate.
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