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摘要 
 

次級房貸市場的崩盤導致抵押保險人的巨大損失，因而抵押保險評價的準確

性更為重要。本文假設房價服從非對稱雙指數跳躍以及考量保險人違約風險下，

推導出抵押保險之公式解。再者，本文使用 1986 年至 2008 年的美國房價月資料

估計與檢定非對稱雙指數跳躍擴散模型、對數常態分配跳躍擴散模型、

Black-Scholes 模型。實證結果顯示非對稱雙指數跳躍模型為美國房價資料最適的

模型，亦及美國房價具有非對稱跳躍之特性。數值分析顯示房價正常的波動度、

平均向下跳的大小、異常壞消息的發生頻率與保險人的資產與負債結構為抵押保

險保險費之遞增函數。特別是異常壞消息的發生頻率效果影響抵押保險保險費最

大；亦即，抵押保險人發行抵押保險時，應該考量異常壞消息發生的頻率之效果。 

 
關鍵詞：抵押保險、雙指數跳躍擴散過程、交易對手違約風險。 
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Abstract 
The collapse of subprime mortgage market and the mortgage insurer’s huge losses 

has drawn more attention to the precise valuation of mortgage insurance contracts. This 
study derives the pricing formula of mortgage insurance contracts with consideration of 
the asymmetric double exponential jump diffusion process and mortgage insurer’s 
default risk. Furthermore, we use the US housing price data from January 1986 to 
October 2008 to estimate and test the asymmetric double exponential jump diffusion 
(DEJD) process, the log-normally distributed jump diffusion (LJD), and the 
Black-Scholes model (BSM). Using the quasi-Newton algorithm, Bayesian information 
criterion (BIC) and likelihood ratio test (LR test), the empirical results indicate that the 
asymmetric DEJD is the best model to fit the single family mortgage national average 
all homes prices in the US. This means that US housing price has the property of 
asymmetric jump risk. Finally, to investigate how the asymmetric jump risk of housing 
price and the default risk of the mortgage insurer affect the valuation of mortgage 
insurance premiums, sensitivity analysis shows the relationships among mortgage 
insurance premium, the normal volatility, the mean down-jump magnitudes, the shock 
frequency of the abnormal bad events, the asset-liability structure of the mortgage 
insurer. The sensitivity analysis results show that the mortgage insurance premium are 
increasing functions of the normal volatility, the mean down-jump magnitudes, the 
shock frequency of the abnormal bad events, the asset-liability structure of the mortgage 
insurer. Particularly, the shock frequency of the abnormal bad events has the largest 
effect of all parameters on the mortgage insurance premium. This implies that when the 
mortgage insurer writes a mortgage insurance contract that promises to compensate the 
lender only when the borrower defaults, the mortgage insurer must consider the impact 
of shock frequency of the abnormal bad events on pricing the mortgage insurance 
contracts. 
 
Keywords: mortgage insurance contract, double exponential jump diffusion process, 
counterparty default risk 
 



 

 iv

Contents 
 

Chinese abstract................................................................................................................. i 

English abstract ................................................................................................................ ii 

Acknowledge................................................................................................................... iii 

Contents ........................................................................................................................... iv 

List of tables .................................................................................................................... vi 

List of figures ................................................................................................................. vii 

1. Introduction .................................................................................................................. 1 

2. Literature review........................................................................................................... 4 

2.1 History of mortgage insurance ........................................................................... 4 

2.2 The pricing of mortgage insurance contract ....................................................... 5 

3. Model............................................................................................................................ 9 

3.1 The instantaneous interest rate process .............................................................. 9 

3.2 The housing price process ................................................................................ 10 

3.3 The mortgage insurer’s liability process........................................................... 12 

3.4 The mortgage insurer’s asset process ............................................................... 14 

4. Valuation of mortgage insurance contract .................................................................. 16 

4.1 Payoffs of mortgage insurance ......................................................................... 16 

4.2 Without mortgage insurer’s default risk ........................................................... 17 

4.3 With mortgage insurer’s default risk ................................................................ 17 

4.4 Valuation of mortgage insurance contracts without mortgage insurer’s default risk 20 

5. Empirical and sensitivity analysis .............................................................................. 23 

5.1 Data and empirical results ................................................................................ 23 

5.2 Sensitivity analysis for mortgage insurance premium...................................... 29 

6. Conclusions ................................................................................................................ 35 

References ...................................................................................................................... 37 

Appendix A .................................................................................................................... 40 

Appendix B..................................................................................................................... 41 



 

 v

Appendix C..................................................................................................................... 45 

Appendix D .................................................................................................................... 53 

Appendix E..................................................................................................................... 55 

Appendix F ..................................................................................................................... 57 

Appendix G .................................................................................................................... 59 

 



 

 37

References 

[1] Abraham, J. M., and Hendershott, P. H. , 1996, "Bubbles in Metropolitan Housing 

Markets", Journal of Housing Research, 7(2), pp.191-207. 

[2] Bardhan, A., Karapandža, R., and Urošević B., 2006, "Valuing Mortgage Insurance 

Contracts in Emerging Market Economies", The Journal of Real Estate Finance 

and Economics, 32(1), pp.9–20. 

[3] Borio, C., and Mcguire, P., 2004, "Twin peaks in equity and housing prices?", BIS 

Quarterly Review, pp.79-93, March. 

[4] Canner, G. B., and Passmore, W., 1994, "Private Mortgage Insurance", Federal 

Reserve Bulletin, pp.883-899, October. 

[5] Carr, P., Madan, D. B., 1999, "Option Valuation Using the Fast Fourier 

Transform", The Journal of Computational Finance, 2, pp.61-73. 

[6] Chen, M.-C., Chang, C.-C., Lin S.-K. and Shyu, S.-D., 2010, "Estimation of 

housing price jump risks and their impact on the valuation of mortgage insurance 

contracts", The Journal of Risk and Insurance, 77(2), pp.399-422. 

[7] Cox, J. C., Ingersoll, J. E., and Ross. S. A., 1985, "A Theory of the Term Structure 

of Interest Rates", Economitrica, 53(2), pp.385-407. 

[8] Cummins, J. D., 1988, "Risk-Based Premiums for Insurance Guaranty Funds", The 

Journal of Finance, 43(4), pp.823-839. 

[9] Dennis, B., Kuo, C., and Yang, T. T., 1997, "Rationales of Mortgage Insurance 

Premium Structures", Journal of Real Estate Research, 14(3), pp.359-378. 



 

 38

[10] Duan, J.-C., Moreau, A. F., and Sealey, C. W., 1995, "Deposit Insurance and Bank 

Interest Rate Risk: Pricing and Regulatory Implications", Journal of Banking and 

Finance, 19(6), pp.1091-1108. 

[11] Englund P., and Ioannides, Y. M., 1997, "House Price Dynamics: An International 

Empirical Perspective", Journal of Housing Economics, 6(2), pp.119-136. 

[12] Gerber, H.U., and Shiu, E.S.W., 1994, "Option pricing by Esscher transforms (with 

discussion)", Transactions of Society of Actuaries, 46, pp.99-140 (discussion, 

pp.141-191). 

[13] Harris, J. C., 1989, "The Effect of Real Rates of Interest on Housing Prices", The 

Journal of Real Estate Finance and Economics, 2(1), pp.47-60. 

[14] Kau, J. B., and Keenan, D. C., 1995, "An Overview of the Option-Theoretic 

Pricing of Mortgages", Journal of Housing Research, 6(2), pp.217-244. 

[15] Kau, J. B., and Keenan, D. C., 1996, "An Option-Theoretic Model of Catastrophes 

Applied to Mortgage Insurance", The Journal of Risk and Insurance, 63(4), 

pp.639-656. 

[16] Kau, J. B., and Keenan, D. C., 1999, "Catastrophic Default and Credit Risk for 

Lending Institutions", Journal of Financial Services Research, 15(2), pp.87-102. 

[17] Kau, J. B., Keenan, D. C., and Muller, W. J., 1993, "An Option-Based Pricing 

Model of Private Mortgage Insurance", The Journal of Risk and Insurance, 60(2), 

pp.288-299. 

 

 



 

 39

[18] Kau, J. B., Keenan, D. C., Muller, W. J., and Epperson, J. F., 1992, "A Generalized 

Valuation Model for Fixed-Rate Residential Mortgages", Journal of Money, Credit 

and Banking, 24(3), pp.279-299. 

[19] Kau, J. B., Keenan, D. C., Muller, W. J., and Epperson, J. F., 1995, "The Valuation 

at Origination of Fixed-Rate Mortgages with Default and Prepayment", The 

Journal of Real Estate Finance and Economics, 11(1), pp.5-36  

[20] Sutton, G. D., 2002, "Explaining Changes in House Prices", BIS Quarterly Review, 

pp.46-55, September. 

[21] Tsatsaronis K., and Zhu, H., 2004, "What Drives Housing Price Dynamics: 

Cross-Country Evidence", BIS Quarterly Review, pp.65-78, March. 

[22] Vasicek, O., 1977, "An equilibrium characterization of the term structure", Journal 

of Financial Economics, 5(2), pp.177-188.     


