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Measuring Economic Risk Using Principal Component Analysis 

David Parsons, FSA, CERA and Albert Lo, ASA, CFA 

This paper briefly describes the MetLife Economic Capital (EC) process, focusing on using 

Principal Components Analysis (PCA) to measure interest rate risk. Actual PCA stresses to the 

Mexican real and nominal interest rate curves are given, and the techniques for combining these 

shocks in the aggregate interest rate risk measure are described. Comparisons of the handling of 

interest rate risk to Solvency II techniques are also discussed. Finally, a simple example of an 

insurance product and asset portfolio is examined. 

MetLife Economic Capital Framework 

Economic Capital (EC) is a measure of enterprise risk, indicating how much value an enterprise 

could lose in a single year, given extremely adverse economic conditions having a pre-defined 

small probability of occurring in a single year. The starting point for the EC calculation is the 

measurement of an enterprise’s current fair value, called the Available Economic Capital (AEC). 

AEC is a measure of the excess of the current fair value of enterprise assets over the fair value of 

enterprise liabilities. While this calculation is complex in itself, the AEC measure is intended to 

be consistent with current market practices (i.e., mark-to-market accounting). 

Required Economic Capital (REC) is the amount of decrease in AEC that would occur if 

economic conditions experience the worst deterioration that could occur in one out of 200 years. 

This one out of 200 year (0.5% probability) envisioned “worst case” environment produces a 

decrease in AEC that is referred to as the 99.5% confidence level REC. REC numbers at other 

confidence levels (99.95% and 99.75%) are also calculated by MetLife and considered as part of 

enterprise risk management. The 99.5% REC standard is the focus of this paper, as it is 
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becoming the insurance company regulatory capital target in countries that are considering 

adopting Solvency II standards. 

Figure 1 illustrates, from left to right, the steps in the process of calculating AEC and REC.  

Enterprise AEC is first calculated as the excess of the market value of assets over the market 

value of liabilities.  For each separate risk category, i, an RECi number is calculated at a specific 

confidence level.  RECi is the shortfall of value of a product portfolio in the worst case loss 

scenario, as compared to the expected best estimate value of the portfolio.  Next, the RECi 

numbers are aggregated and diversification is applied using a correlation matrix to get the total 

enterprise REC number.  Finally, AEC is compared to REC to determine whether the enterprise 

has adequate capital to survive a worst-case loss scenario at the specified confidence level. 

Figure 1: Available Economic Capital (AEC) and Required Economic Capital (REC) 
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The economic risks and uncertainties affecting insurance companies are complex to measure. In 

part, this is because economic indices (such as interest rates, inflation, foreign exchange rates, 

and equity performance) are often highly correlated to other indices. Broadly, these risks include 

the following major categories: 

1. Interest rates 

2. Equity levels 

3. Equity volatilities 

4. Real estate values 

5. Foreign exchange rates 

6. Insurance claim risks – “Aberrant Yearly Experience EC” 

7. Insurance assumption risk 

8. Credit risk – rating migration and default 

9. Operational risk – risks associated with people, process, and systems 

An ideal system for determining aggregate enterprise REC might be to generate thousands of 

equally likely future scenarios, all of which capture the expectations and volatility of all risk 

indices, as well as their relationships and correlations to each other. This ideal would then 

determine how every product portfolio would react to every scenario.  Because such an ideal 

system is impractical in scope, best practice is to measure each category of risk by stressing that 

risk with a 0.5% probability event applicable only to that category, keeping all other risk 

categories unaffected. This “standalone” measurement of REC for each risk category is then 
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aggregated for the enterprise by applying a correlation matrix to the REC measures of all risk 

categories, in a manner similar to combining the standard deviations of correlated normal 

random variables to get the standard deviation of the sum. 

Within each major risk category, there are also correlated sub-risk events (such as credit events 

of financial bonds, industrial or utility bonds). To simplify the risk combination process, the 

REC results of highly correlated sub-risk events are often added – effectively implying that the 

correlation is 100%. For sub-risks that have low correlation, the REC results of the sub-risks may 

be combined by using the “square root of sum of squares” method, effectively implying that the 

correlation between the sub-risks is zero. 

In the case of yield-curve events within the interest rate risk category, special techniques are 

employed. For yield curves, the yields at different maturity durations are highly correlated to one 

another but not 100% correlated. The statistical method of Principal Components Analysis 

(PCA) is ideally suited to the interest rate risk category. PCA decomposes these highly correlated 

yields into independent components, thus reducing the complexity of interest rate risk analysis. 

The application of PCA to interest rate risk is the primary focus of this paper. 

Figure 2 illustrates the step-by-step process of EC calculation at MetLife. In the diagram, for the 

combining algorithm, the term “Identity Correl. Matrix” means that the sub-risk types are 

combined to get to the parent category risk, assuming no correlation. Where the algorithm is 

identified as “Sum,” the sub-risk types are added together as if they have 100% correlation. To 

combine all risk categories for the total enterprise REC, the algorithm uses the MetLife EC 

Correlation matrix (based on historically observed correlations) to combine the major categories 

of risk. The resulting aggregated enterprise REC number therefore reflects diversification 

benefits across all regions and risk types. 
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Figure 2: MetLife Economic Capital Calculation Procedure 
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produce economic scenarios for both real and nominal yield curves and aggregate their RECs 

together. 

To find a 1 in 200 year event, the distribution of movements in the yield curve for all possible 

maturities should be determined so that the set of changes in the yield curve can be described in 

detail. As mentioned above, PCA will reduce the complexity of this process by identifying the 

most significant patterns of correlated variables, such as historical interest rate movements at the 

many tenors along a yield curve. While a yield curve usually consists of yields of many duration 

tenors, only three independent patterns generated by PCA are needed to replicate 99% of the 

information in most yield curve movements. 

The three patterns are denoted PC1 (a parallel movement in the yield curve), PC2 (a twist in the 

yield curve around a medium term fulcrum), and PC3 (a “butterfly” effect, denoted by a 

movement that contrasts a medium-term yield movement with opposite short-term and long-term 

movements in yields). Any naturally occurring change in a yield curve can generally be 

replicated by the linear combination of PC1, PC2, and PC3 movements. 

PCA applied to annual historical yield curve movements can be used to determine the 0.5% 

probability events (shocks) associated with each of the three patterns. To guarantee that the 

shocks are independent of each other, the correlated variables (historical interest rates of all the 

tenors) must be normally distributed. 

Statistical analysis of historically observed interest rate changes reveals that the changes 

demonstrate two types of probability distributions: normal (when the absolute changes are 

distributed normally) and lognormal (when the relative changes are distributed normally). The 

lognormal distribution is typical when the interest rates are below a threshold rate. Conversely, 

interest rates follow the normal distribution when rates are above a threshold rate. 
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The modeling of interest rates movements required to produce PCA shocks must consider this 

fact. Our model addresses this issue by creating a “transformed” interest rate. This transformed 

interest rate is defined such that it experiences normally-distributed changes at all levels (unlike 

actual interest rates). Figure 3 depicts the relationship between transformed interest rates 

(Transformed) and actual interest rates (Actual), considering the threshold level of 3%. The 

formula used in Figure 3 is of the form: 

Transformed = 3% x Log (Minimum [3%, Actual] / 3%) + Maximum [Actual, 3%] 

We construct this transformed interest rate in order to meet three criteria: 

 The transformed rate is equal to the actual interest rate above threshold. 

 There is a “smooth” transition at threshold – there is no abrupt change in either the value 

of the transformed interest rate or the speed with which the transformed interest rate 

changes in response to changes in the actual interest rate (i.e., there is no discontinuity in 

the transformed interest rate or its first derivative). 

 It has a logarithmic relationship with the actual interest rate below threshold. This 

condition ensures that we have a lognormal distribution below threshold. 

The “transformed” interest rates are now normally distributed and therefore meet the criteria for 

determination of three independent PC1, PC2, and PC3 patterns using PCA. The transformation 

also ensures that extreme interest rate movements will be well-behaved. Interest rates will not 

decrease below zero and, at the same time, will not increase to unrealistically high levels (as they 

would have if we had not used the normal distribution above the threshold). 
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Figure 3: Relationship between transformed interest rate and actual interest rate, 

considering threshold level of 3% 

 

In both PCA shock generation and REC calculation processes, our approach treats real interest 

rates and nominal interest rates separately, as if they are two correlated curves from two different 

countries. This approach requires the assignment of two different threshold rates – one for real 

rates and one for nominal rates. Once REC is calculated separately for nominal rates and real 

rates, the REC results are aggregated for total interest rate REC using the historical correlation 

coefficient between real rates and nominal rates. 

Threshold Analysis 

Historical data for the TIIE Par Swap rates and UDI Par Swap rates are used to develop threshold 

rates for nominal and real interest rates, respectively. Threshold rate calculations require a large 

amount of data. Because of the longer history of the indices (daily data from 03/30/2007 to 
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12/31/2011), Bloomberg is the source of historical data for our analysis. The following 

Bloomberg tickers were used: 

Figure 4: Bloomberg tickers for UDI and TIIE Data 

UDI Data TIIE Data 

MXIBTIIE Index 

MPSWC CMPN Curncy 

MPSWF CMPN Curncy 

MPSWI CMPN Curncy 

MPSW1A CMPN Curncy 

MPSW2B CMPN Curncy 

MPSW3C CMPN Curncy 

MPSW4D CMPN Curncy 

MPSW5E CMPN Curncy 

MPSW7G CMPN Curncy 

MPSW10K CMPN Curncy 

MPSW16C CMPN Curncy 

 

The objective of the threshold analysis is to investigate the relationship between the interest rate 

absolute volatilities and their levels. In the “normal distribution” regime, the volatility should not 

demonstrate a strong relationship with the interest rate levels. For the lognormal distribution, we 

should expect a clear linear increase in the absolute volatility with the levels. The level where the 

regime switches from the linear increase to “indifferent” will be the threshold point. The analysis 

indicates the following results: 

1. The threshold for real rates is about 1.5%. 

2. The threshold for nominal rates is about 6%. 

 VRUDIC Index
VRUDIF Index
VRUDI1 Index
VRUDI2 Index
VRUDI3 Index
VRUDI4 Index
VRUDI5 Index
VRUDI6 Index
VRUDI7 Index
VRUDI8 Index
VRUDI9 Index
VRUDI10 Index
VRUDI15 Index
VRUDI20 Index
VRUDI30 Index
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Figure 5: UDI Swap Rates – Threshold 1.5% 

 

Figure 6: TIIE Swap Rates – Threshold about 6% 
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December 2011 PCA Shock Results for TIIE and UDI Par Swap Rates 

The December 2011 PCA shocks are produced separately for TIIE Par Swap rates (yields) and 

UDI Par Swap rates (yields) based on monthly historical data for all the tenors provided by 

Proveedor Integral de Precios (PIP) from March 30, 2007 until December 31, 2011. Given the 

limited data history, this look-back interval does not provide enough observations to adequately 

produce the shock results. Consequently, in the future, we plan to extend the look-back interval 

of data by adding new monthly observations to the existing historical data. PCA shocks are 

produced and annualized. 

Results of TIIE PCA calculations for the December 2011 shock of the three PCA components at 

the 99.5% confidence level are displayed in Figures 7, 8, 9, and 10. The yield numbers in those 

charts are expressed in annual percentages according to the Mexican market convention. The 

December 2011 PCA shocks for UDI Par Swap rates (yields) are presented in Figures 11, 12, 13, 

and 14. 
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Figure 7: TIIE PCA Scenarios for 99.5% Confidence Level at December 2011  

(Threshold = 6%) 

TIIE

12/11 
Yield 
Curve PC1+ PC2+ PC3+ PC1- PC2- PC3-

MXIBTIIE 4.80       5.2119 3.8296 4.3988 4.4271 6.0251 5.2455
3X1 4.81       5.6734 3.7868 4.5643 4.0763 6.1071 5.0668
6X1 4.85       6.1596 3.9081 4.7407 3.8188 6.019 4.9618
9X1 4.88       6.556 3.9799 4.8999 3.6308 5.9811 4.8582
13X1 4.96       6.9261 4.1528 5.1604 3.5376 5.9122 4.7578
26X1 5.14       7.5297 4.749 5.5082 3.4677 5.561 4.7946
39X1 5.40       7.9946 5.2118 5.7801 3.562 5.5908 5.0412
52X1 5.64       8.3314 5.7453 5.8955 3.6883 5.5308 5.3898
65X1 5.86       8.6587 6.1712 5.9958 3.7862 5.5588 5.7214
91X1 6.31       9.0345 6.8158 6.2811 4.1477 5.8351 6.339
130X1 6.76       9.4815 7.4897 6.5153 4.4564 6.0543 7.0127
156X1 7.18       9.8391 7.8997 6.8468 4.7269 6.3663 7.4112
195X1 7.49       10.1967 8.3096 7.1782 4.9975 6.6784 7.8098
260X1 7.94       10.6996 8.8131 7.6126 5.309 7.0709 8.2714
390X1 8.26       10.9938 9.1208 7.9677 5.5991 7.4032 8.5563  

 

Figure 8 
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Figure 9 

 

 

Figure 10 
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Figure 11: UDI PCA Scenarios for 99.5% Confidence Level, December 2011  

(Threshold = 1.5%) 

UDI

12/11 
Yield 
Curve PC1+ PC2+ PC3+ PC1- PC2- PC3-

1Y 1.35       3.494 0.3151 0.7807 0.3225 3.5288 2.1679
2Y 1.57       3.3945 0.5901 1.8409 0.4682 3.0473 1.319
3Y 1.70       3.4882 1.0048 2.5972 0.5169 2.491 0.9362
5Y 2.01       3.8976 2.0458 2.3436 0.5955 1.9662 1.6684
7Y 2.29       4.3165 2.6374 2.5254 0.6587 1.9446 2.0566
10Y 2.75       4.956 3.3866 2.7748 0.7889 2.1054 2.7172
15Y 3.10       5.2772 3.9771 3.0208 1.0141 2.2129 3.1692
20Y 3.26       5.41 4.3167 2.9784 1.152 2.1973 3.5356
30Y 3.46       5.482 4.6503 3.0899 1.4393 2.2697 3.8301  

 

Figure 12: UDI Yield Curve Shock – PC1              Figure 13: UDI Yield Curve Shock – PC2 

        

Figure 14: UDI Yield Curve Shock – PC3 
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Aggregation of Interest Rates Economic Capital in Mexico 

To aggregate two independently calculated risks, MetLife uses a correlation-based approach. 

This approach is aligned with the current industry practice, is theoretically sound, and provides a 

good balance between precision and complexity. 

The technique is to combine the independently calculated EC for two correlated risks in the same 

manner that the standard deviations of the two risks would be combined. Denoting the EC for 

Peso-based TIIE-related risks as ECTIIE, the Economic Capital for inflation-indexed UDI-related 

risks as ECUDI, the correlation coefficient between the two risks as ρ, and the aggregate Economic 

Capital for both risks combined as ECAGGR, the calculation is performed according to the 

following formula: 

ECAGGR
2 = ECTIIE

2 + ECUDI
2 + 2 * ρ * ECTIIE * ECUDI

 

The aggregation of all the risks within MetLife is done in a similar fashion, with a matrix based 

on historical correlations applied to each separately calculated risk. The result is EC aggregation 

at the enterprise level (including both Domestic and International positions) for all MetLife risks. 

The aggregate diversified EC uses the correlation matrix to reflect diversification across all the 

different risk types analyzed in this framework, resulting in a lower total required EC than the 

sum of each of the separately calculated, undiversified EC numbers for each risk type. 

This diversification reflects the fact that the extreme adverse events corresponding to market, 

credit, operational, or insurance risks do not often occur simultaneously. As a result, the 

magnitude of the diversification depends on the degree of synchronization between the extreme 

events. If extreme events are relatively independent (or even offsetting), then diversification 

benefits will be relatively large. 
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For aggregate Mexican interest risk EC, we calculate the correlation coefficient between real 

rates and nominal rates by using the same historical daily data as for the threshold analysis. The 

graph shown in Figure 15 presents the scatter diagram of simultaneous changes in UDI (y-axis) 

and TIIE (x-axis). It demonstrates a high degree of correlation between the two rates. 

Figure 15: UDI vs. TIIE scatter diagram of correlated changes for identical periods 

 

The correlation coefficent, ρ, between the changes in UDI rates and TIIE rates across all maturity 

intervals is estimated from the above diagram to be 81.6%. To calculate the aggregated interest 

rate REC for Mexico, ECAGGR, the following expression can therefore be used: 

ECAGGR
2 = ECTIIE

2 + ECUDI
2 + 2 * 0.816 * ECTIIE * ECUDI 

Comparison of MetLife Approach to that of Solvency II 

The Solvency II (European regulatory framework) approach uses a shock approach to interest 

rate risk that is similar to the PC1 shocks previously discussed. As described in the Quantitative 

Impact Study #5 (QIS5) instructions, the magnitude of the shocks are prescribed percentages, 
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applied to the base yield curve. The percentages differ between “downward stress” and “upward 

stress” scenarios, and also differ by duration to maturity. Also according to the QIS5 

instructions, in no event should the downward stress curve be less than a 1.0% reduction in the 

base yield rates. Applying the QIS5 instructions to the UDI base curve produces shocked rates 

that are not as severe as the 99.5% confidence level PC1+ and PC1- stresses in Figure 11. 

Figure 16 shows the UDI yield curve shocks that are produced by the QIS5 instructions and 

provides the confidence level percentiles to which the QIS5 stresses equate, using MetLife’s 

PC1+ and PC1- methodology. Because UDI rates are so low and the QIS5 stresses are a percent 

of the base rates, the QIS5 stresses are less than 99.5% PC1 stresses. In other words, the QIS5 

stresses are judged by MetLife’s PC1 methodology to be more probable than 1 in 200 years. 

Figure 16: UDI Yield Curve Shocks under QIS5 

UDI

12/11 
Yield 
Curve

QIS5 
Upward 
Stress

Equivalent 
PC1+ 

Percentile

QIS5 
Downward 

Stress

Equivalent 
PC1- 

Percentile
1Y 1.35       2.295     87.3% 0.338      99.4%
2Y 1.57       2.669     94.0% 0.550      98.7%
3Y 1.70       2.788     94.1% 0.700      97.3%
5Y 2.01       3.116     93.4% 1.010      93.4%
7Y 2.29       3.412     92.3% 1.290      90.2%
10Y 2.75       3.905     91.1% 1.750      87.9%
15Y 3.10       4.123     88.7% 2.100      88.2%
20Y 3.26       4.108     84.5% 2.260      88.5%
30Y 3.46       4.325     86.5% 2.422      90.7%  

This contrasts with the QIS5 stresses applied to the TIIE yield curve. Since the TIIE nominal 

rates are much higher than the UDI real rates, the QIS5 percentage stresses produce much greater 

stresses when they are applied to the TIIE yield curve. Figure 17 shows the TIIE yield curve 

shocks that would be produced by the QIS5 instructions and the confidence levels (to which the 
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QIS5 stresses equate) using MetLife’s PC1+ and PC1- methodology. The QIS5 prescribed TIIE 

yield shocks are judged to be much less probable than the prescribed UDI yield shocks. 

Figure 17: TIIE Yield Curve Shocks under QIS5 

TIIE

12/11 
Yield 
Curve

QIS5 
Upward 
Stress

Equivalent 
PC1+ 

Percentile

QIS5 
Downward 

Stress

Equivalent 
PC1- 

Percentile
MXIBTIIE 4.80       8.160     99.99% 1.200     99.99%
3X1 4.81       8.177     99.99% 1.203     99.99%
6X1 4.85       8.245     99.99% 1.213     99.99%
9X1 4.88       8.296     99.99% 1.220     99.99%
13X1 4.96       8.432     99.99% 1.240     99.99%
26X1 5.14       8.738     99.98% 1.799     99.99%
39X1 5.40       8.856     99.96% 2.376     99.99%
52X1 5.64       8.968     99.92% 2.820     99.99%
65X1 5.86       8.907     99.74% 3.399     99.92%
91X1 6.31       9.276     99.74% 4.038     99.68%
130X1 6.76       9.599     99.63% 4.664     98.91%
156X1 7.18       9.837     99.49% 5.098     98.33%
195X1 7.49       9.962     99.06% 5.468     97.92%
260X1 7.94       10.004    97.29% 5.637     98.70%
390X1 8.26       10.325    97.41% 5.782     99.15%  

The QIS5 shocks do not contemplate PC2 “twist” or PC3 “butterfly” movements in the yield 

curves, with the considered curve shocks being primarily PC1 “parallel” in nature. In other 

words, QIS5 does not measure the impact of downward yield movements at one duration of the 

yield curve along with simultaneous upward movements at a different duration. 

The aggregation of interest rate risks under different currencies is prescribed by QIS5 to be a 

simple sum of the separately calculated risks. If this treatment were to be applied to UDI and 

TIIE as if they were separate “currencies,” the combined risk number would reflect no 

diversification of the two risks, as if the two risks were perfectly 100% correlated to one another. 



20 

 

Illustrative Example 

To illustrate the calculations in this paper, we will use a hypothetical example of a simple 

portfolio of liabilities and assets. For the example, assume two ten year liabilities of equal value, 

each 1,000 MXN. One liability is not inflation adjusted and will pay 1,923.47 MXN (equal to 

1,000 x 1.067610). The other liability is inflation-adjusted and will pay 1,311.65 UDI (equal to 

1,000 x 1.027510). Assume that each liability is supported by two zero-coupon assets, 3 years and 

15 years to maturity, with each asset being currently valued for 500 MXN. Two of the assets are 

denominated in pesos and two are denominated in inflation-adjusted UDI. 

Figure 18 summarizes the amounts and maturities of all assets and liabilities, along with the 

assumed appropriate spot yields. This illustration assumes that the spot yields correspond to the 

December 2011 TIIE and UDI swap yield curves. 

Figure 18: Illustrative Example – Initial Unstressed Assets, Liabilities, and Surplus 

Current Years Maturity Annualized
Denomination Value Duration Value Yield
Assets
Pesos 500.00    3 585.45    5.40%
Pesos 500.00    15 1,477.38 7.49%
UDI (Real) 500.00    3 525.94    1.70%
UDI (Real) 500.00    15 790.41    3.10%
Liabilities
Pesos 1,000.00 10 1,923.47 6.76%
UDI (Real) 1,000.00 10 1,311.65 2.75%
Surplus
Peso Assets 1,000.00 
Peso Liabilities 1,000.00 
Peso Net -         
UDI Assets 1,000.00 
UDI Liabilities 1,000.00 
UDI Net -          
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Figure 19 shows the changes in values of the assets, liabilities, and surplus of our illustrative 

product set under the stressed PC1, PC2, and PC3 scenarios. Each value is calculated by 

discounting the maturity value at the stressed yields. 

Figure 19: Illustrative Example – Stressed PC1-, PC2-, and PC3- values 

Years PC1- PC1- PC2- PC2- PC3+ PC3+
Denomination Duration Yield Value Yield Value Yield Value
Assets
Pesos 3 3.56% 527.10    5.59% 497.29      5.78% 494.63    
Pesos 15 5.00% 710.90    6.68% 560.20      7.18% 522.27    
UDI (Real) 3 0.52% 517.86    2.49% 488.51      2.60% 487.00    
UDI (Real) 15 1.01% 679.39    2.21% 569.20      3.02% 505.80    
Liabilities
Pesos 10 4.46% 1,243.76  6.05% 1,068.57    6.52% 1,023.21 
UDI (Real) 10 0.79% 1,212.53  2.11% 1,064.95    2.77% 997.59    
Surplus
Peso Assets 1,237.99  1,057.50    1,016.90 
Peso Liabilities 1,243.76  1,068.57    1,023.21 
Peso Net (5.76)       (11.07)       (6.31)      
UDI Assets 1,197.26  1,057.71    992.79    
UDI Liabilities 1,212.53  1,064.95    997.59    
UDI Net (15.27)     (7.24)         (4.80)       

The PC1, PC2, and PC3 stresses for the Peso and UDI assets and liabilities are combined 

separately. Since each principal component stress is independent of the others, the combination 

is done by calculating the square root of the sum of the squares of the surplus deficits created 

under each PC scenario. 

Combining in this manner gives a Peso risk capital requirement of 13.99 and a UDI risk capital 

requirement of 17.57. The final step is to combine the two capital requirements for one Mexican 

interest rate risk capital requirement, using the following formula: 

ECAGGR
2 = ECTIIE

2 + ECUDI
2 + 2 * 0.816 * ECTIIE * ECUDI 

This final step produces a required risk capital number, ECAGGR, of 26.55 pesos. This represents 

the aggregate Mexican interest risk capital for this example at the 99.5% confidence level. 



22 

 

As a final illustration, we will calculate the Solvency II Economic Capital number for the same 

example using the prescribed stresses. Figure 20 shows the impact of the QIS5 prescribed 

stresses on the surplus values of this example product portfolio: 

Figure 20: Illustrative Example – Solvency II QIS5 Prescribed Stresses 

Years QIS5- QIS5- QIS5+ QIS5+
Denomination Duration Yield Value Yield Value
Assets
Pesos 3 2.38% 545.63    8.86% 453.87      
Pesos 15 5.47% 664.81    9.96% 355.52      
UDI (Real) 3 0.70% 515.04    2.79% 484.29      
UDI (Real) 15 2.10% 578.71    4.12% 431.17      
Liabilities
Pesos 10 4.66% 1,219.26  9.60% 769.15      
UDI (Real) 10 1.75% 1,102.74  3.91% 894.24      
Surplus
Peso Assets 1,210.44  809.40      
Peso Liabilities 1,219.26  769.15      
Peso Net (8.82)       40.25        
UDI Assets 1,093.76  915.46      
UDI Liabilities 1,102.74  894.24      
UDI Net (8.98)       21.22         

For Solvency II Economic Capital, the Peso risk and UDI risk are added together as if they were 

100% correlated. The QIS5- scenario produces surplus deficits that determine the aggregate EC. 

The sum of the Peso and UDI deficits is 19.80 pesos, which is the total Solvency II interest EC. 

Comparing this to the 26.55 pesos from MetLife’s principal component EC methodology, one 

can see that the PCA methods produce higher UDI stresses under the PC1 parallel shift, and that 

the inclusion of non-parallel shifts in the Peso yield curve (especially the PC2 twist) produces 

higher Peso stresses than the Solvency II stresses. 
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Summary 

We believe that the PCA methodologies that MetLife uses to estimate interest rate risk provide a 

sound basis to rigorously analyze the risk of changes in Mexican interest rates, both real and 

nominal. Importantly, the methodologies look at the risks of PC2 “twist” and PC3 “butterfly” 

changes in the shape of the yield curve, as well as PC1 parallel shifts in the curve. In 

asset-liability portfolio management, the matching of asset durations with liability durations 

without cash flow matching the assets and liabilities will minimize the impact of PC1 parallel 

shifts, while the portfolio may continue to be exposed to PC2 and PC3. These remaining risks 

might be masked by a simplified risk measurement methodology (such as that employed by 

Solvency II) that does not measure changes in the shape of the yield curve. 

As the future emerges and new interest rate data is added to historical data series, MetLife’s PCA 

methodology will be updated to be reflect the volatility and correlations of the yields along the 

duration curve. Together with an aggregation methodology that reflects the observed historical 

correlations between real and nominal interest rates, as well as that of other currencies and other 

risks, we feel that the PCA-based EC system produces rigorous and realistic insight into the 

economic risks to which the company is exposed and helps us better manage those risks. 


