Sector Optimization for Fixed-income Portfolios Constrained By Value-at-Risk and Traditional Risk Measures

Ron D’Vari, Ph.D., CFA
, Juan C. Sosa
, Kishore K.Yalamanchili, Ph.D.

State Street Research & Management
June 29, 1999

Abstract

Recent experience in capital markets has highlighted the need for risk-sensitive portfolio strategies in both domestic investment grade as well as opportunistic high-yield and emerging market portfolios.  We have developed a fixed-income sector
 optimization methodology to facilitate tradeoffs between various sectors based on their contribution to the total portfolio return and risk.  We maximize portfolio return subject to constraints including Value-at-Risk (VaR) and other downside risk measures, both absolute and relative to a benchmark (market and liability-based).  Our method optimizes interest rate, curve, credit, and volatility exposures to achieve the highest expected return (view-oriented, historically based, or quantitatively forecast) within the allowed risk space defined by various specified risk constraints.  

Our VaR methodology is a combination of a Variance/Covariance approach for domestic high grade and high-yield, and a GARCH with random jumps approach for emerging markets.  Performance of the VaR technique is tested in terms of out-of-sample hit rates as well as formal test statistics for emerging markets. A practical method to integrate domestic and emerging market risk estimation techniques is currently being developed and tested. A model for G-13 non-dollar government bonds will also be added.   

Another important downside risk measure incorporated in the model is portfolio return under historical or user-defined stress scenarios (defined by curve, volatility, and spreads).  This method accounts for the differences between current market and past or potential future extreme conditions.  Other downside risk measures included are overall portfolio duration, curve exposure (defined by different duration cells), and effective spread duration by sector. 

The objective function can be specified in terms of single scenario return or a probability weighted return under multiple scenarios.  The optimization technique could be used for both tactical as well as strategic asset allocation.  The implementation allows for using VaR estimates based on current or historically referenced dates.  Optimized portfolios can be sensitive to forecast scenarios, risk limits as well as VaR assumptions.  Our methodology will attempt to highlight the sensitivity of the optimized portfolio to such input variables. 

Our plan includes the development of more refined models of risk and return for sectors with embedded options such as callable agencies, corporates, and mortgages.  While the term structure models for analyzing individual bonds with embedded options are quite developed, it has been much more difficult to forecast performance of these sectors due to multiplicity of factors driving them.  A reasonably accurate parametric model for sectors dominated by embedded optionality will be an essential element of our study.  

Extended Abstract

Introduction:  Increasingly, the mandates for many U.S. domestic portfolios managed against market based benchmarks such as Lehman Aggregate or Government/Corporate indices are allowing opportunistic investments in high yield and emerging markets. At the same time both plan sponsors and investment managers are becoming more disciplined in measuring and managing risk along with expected return both in absolute and relative terms.   The field of risk management has evolved very rapidly in the last decade with much focus on risk measurement and management
.  A natural evolution of this development is to properly integrate these varied methods in the day-to-day management of portfolios. This is a dynamic decision making process - one that is continuous and systematic but that also requires a great deal of judgment.  A sound and consistent fixed-income portfolio management process combines macro economic and fundamental credit research with integrated risk measures (Figure 1) to construct optimal portfolios under set of forecast scenarios but constrained within acceptable risk space.  The assumption is that consistent application of this disciplined process over time would lead to long term superior performance over the benchmark.  

Traditionally the number of decision variables in a portfolio were limited to a few (e.g. duration, and government/corporate/mortgage allocation).  With a mushrooming number of opportunistic sectors (e.g. high yield, emerging markets) and many new structured product classes (e.g. ABS, CMBS
, CMO, CBO, and CLO
), the task of determining the optimal tradeoffs between various sector exposures and interest rate sensitivity across the curve has become more complex.   The objective of our research is to develop a robust and practical methodology to assist this task.    
Sector Optimization Model

There are several different approaches that can be taken to construct a fixed income sector optimization model. One typical approach optimizes expected return using a universe of actual securities for each sector. This approach has some disadvantages: 

(i) Actual securities introduce “noise” in to analysis. 

(ii) Need to project expected returns for thousands of securities in market-based benchmarks.

(iii) Need to develop a bond-by-bond risk model. 

(iv) Erroneous data in a large database may gravitate the solution to unrealistic portfolios. 

(v) Actual securities selected by the optimization may not be available or their offering prices be significantly different than what has been assumed. 

(vi) Actual securities in a portfolio may be traded during the time period under consideration. 

This approach is most useful in modest restructuring of existing portfolios with actual securities.

A more practical and direct approach is to map the portfolio to a series of sector/credit and duration cells and use spreads and horizon spread changes for different sectors to estimate return of the portfolio and benchmark. The data requirements in this approach are manageable. The peculiarities of specific bonds don’t affect the aggregate information and returns. Moreover, the inputs and the results gathered this way more closely reflect the thinking of portfolio managers and analysts. We use this approach in our optimization model.  Figure 2 illustrates a sample structure for domestic fixed income portfolios with opportunity to invest in government, agency, high grade domestic corporate, mortgages, structured asset-backed, and high yield securities.  

We assume that the expected return for a sector is approximated by the following well-known expression: 

E( r ) = Y*(t -Dur*E((Y) + 0.5*Cvx*[E((Y)]^2

(1)

where, 

E( r ) 
= Expected return

Dur 
= Effective duration

Cvx 
= Effective convexity

E((Y) 
= Expected change in yield

Y 
= Average sector yield

(t  
= Return time horizon

It is shown that this simple model approximates the return well when applied to portfolios and benchmarks with a sufficiently fine sector/duration cell structure, as long as the portfolio or benchmark is well diversified and does not include highly nonlinear sectors with material embedded options.  For sectors such as mortgages, this simple model may be augmented with additional parameters to capture the strong nonlinearity accurately.  It should be noted that we make no attempt here to model specific risk/return characteristics of individual securities because our objective is to arrive at general sector weights.

A C++ program has been developed for the optimization of sector weights. Either absolute or relative return to a benchmark can be maximized. The constraints that can be applied include duration, bucket weights, downside limits on scenario returns, effective duration contributions by duration and sector buckets, and Value-at-Risk. The constraints can be either absolute or relative to a benchmark. 

The definition of the sector and duration cells is flexible and is specified as input. The inputs are sector effective yields, durations and convexities, benchmark weights, portfolio initial weights, on-the-run treasury yields, and expected yield/spread changes under different scenarios. The program outputs include optimum sector weights, optimum portfolio expected returns under different scenarios, different risk estimates such as duration contributions, VaR, and other details.

Value-at-Risk Data Source and Estimation

In addition to traditional risk measures such as duration, exposure limits, and stress testing, our return maximization procedure controls the risk of the optimal portfolio via the inclusion of Value-at-Risk (VaR) constraints. 

Modern portfolio theory is commonly concerned about market risk. In equity and commodity portfolios, the volatilities and correlations necessary to calculate portfolio market risk can be easily estimated due to the transparency and availability of price time series. By contrast, there has been substantially less literature on the effect of portfolio diversification on fixed-income portfolios. This is probably due to a lack of transparent and accurate data sources for the large universe of fixed-income securities. Our proprietary database is a combination of a variety of data files gathered either internally or acquired from analytic data providers and broker dealers.
 

As described above, our methodology relies on historical effective yield/spread, duration, and convexity data for the sector/quality/duration cells chosen for the purpose of optimal portfolio selection. Such data are calculated from all the securities in the benchmark universe and are used to describe both the benchmark and optimal portfolio cells. This approach is consistent with our objective of finding optimal sector/quality/duration exposures while delegating the security selection issue to sector analysts and portfolio managers. The return volatilities and correlations of individual cells reflect interest rate, spread changes, and credit migration.  Therefore, the effect of credit migrations is accounted for in this methodology. In contrast, in analyzing risk of portfolios containing actual securities credit migrations must explicitly be taken into account. While their frequency is low, they occur often enough to impact the volatility of a portfolio.
 

Our VaR methodology is a combination of Variance/Covariance approach for domestic high grade and high-yield, and a GARCH with random jumps approach for emerging markets.  Performance of the VaR technique is tested in terms of out-of-sample hit rates as well as formal test statistics for emerging markets.  A practical method to integrate domestic and emerging market risk estimation techniques is currently being developed and tested.   A model for G-13 non-dollar government bonds will also be added.   

It is well known that financial time-series exhibit excess skewness and kurtosis, and our data are not the exception. Nevertheless, the degree of these problems is much lesser in U.S. domestic bond time-series than it is in the context of equities, commodities, currencies, or emerging markets. Consequently, we assume short-term normality of returns and base the estimation of our domestic VaR statistics on a variance-covariance matrix approach. Although there are multiple ways to construct such matrices
, so far we have concentrated on an exponentially-weighted technique, that is asymptotically equivalent to JP Morgan’s Riskmetrics approach.
 To illustrate the technique used here we limit the description to the Government/Corporate universe. 


Domestic Government/Corporate Test Case: To produce domestic VaR estimates, we construct weekly returns for each sector/effective duration cell from a historical database of all securities meeting the inclusion criteria in the Lehman Aggregate (Govt./Corp./Mtg.) index.  Index membership criteria are applied on the last day of each month and the membership stays constant throughout the month. The database contains daily information on individual securities starting January 1996.  Historical market value, and option-adjusted measures of yield, duration, and convexity are extracted for each individual security in Government/Corporate index on a weekly basis. We use Wednesday data to minimize the number of holidays. The individual securities are classified into sector and duration cells.  Using this classification, aggregated market value, duration, convexity, and effective yield measures are produced for each cell. Aggregated duration and convexity are market-weighted averages of the values for individual securities. Aggregated yield, however, is estimated as a duration-contribution weighted yield average for those securities in the middle 50% yield quantile in each bin. This approach is used to reduce the effect of any yield outliers in the sample. Finally, weekly return time-series are constructed for each sector/duration cell from the aggregated duration, convexity and yield measures. These return series closely track published Lehman Government/ Corporate index returns validating the basic data and return model used.  

For the purpose of this study, 25 sector/duration cells are used to estimate risk of  Govt./Corp. portfolios: Government, Agency, Corporate (including Yankees) AAA/AA, Corporate A, and Corporate BBB for sectors; 0-3 years, 3-5 years, 5-8 years, 8-10 years, and 10-15 years for duration ranges.

The variance-covariance matrix at time t will then be


[image: image1.wmf]å

å

-

=

-

=

-

-

-

-

=

W

1

0

1

0

,

,

,

)'

)(

(

n

i

i

n

i

n

t

i

t

n

t

i

t

i

n

t

R

R

R

R

l

l

 


         (2)

where 
[image: image2.wmf])'

,...,

,

(

25

2

1

t

t

t

t

r

r

r

R

=

 is the vector of bin returns for week t, n is the number of recent weekly returns to be used for the estimation, 
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 is a decay factor between 0 and 1. Notice that if 
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 is equal to one, we obtain the usual equally weighted variance-covariance matrix, and that the lower this value is, the less weight past return data will receive. If 
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-quantile from a normal distribution. Our definition of VaR includes an adjustment for the mean return of the portfolio over the estimation period of the risk matrix. We find that to obtain an accurate VaR statistic this adjustment is indispensable.

Even assuming short-term normality, it is necessary to select an appropriate estimation period and decay factor for the risk matrix. To ‘calibrate’ our model, we perform tests to assess how accurate the resulting VaR estimates are for different estimation periods and decay factors. Our approach is that of estimating ‘hit rates’ for our VaR estimates. That is, we measure what fraction of the observed weekly returns for a sample portfolio actually fall above the VaR estimate produced, on a rolling basis, the previous week. We consider 90% and 95% confidence levels and we summarize our results in Table 1, for a benchmark portfolio with weights similar to Lehman’s Gov-Corp portfolio for late April 1999. 

As can be seen, realized returns appear to fall above the 90% and 95% weekly VaR estimates too infrequently for the equally-weighted matrices, especially for the longer realized-return horizons. However, we found that using a decay factor of 0.85 resulted in a superior fit for the VaR estimates, and that it is optimal using one year of historical data. Notice also that the mean correction term in Equation 3, the first right-hand side term, is necessary to prevent risk overestimation, in contrast to VaR estimation in other contexts such as currency trading. In the Fixed Income context, returns are  strongly signed. Thus, the inclusion of a mean-correction term to adjust the risk estimate with the expected return is required. Our VaR estimates for the Government and Corporate sectors, and the optimization constraints based on them, are consequently estimated using a 0.85 decay factor and 52-weeks of historical weekly data. The extension of our methodology to include High-Yield securities is straightforward and is currently in progress. 

Mortgages:  While we have an extensive amount of data on both individual mortgage option-adjusted measures, a careful return model needs to be developed and tested.  A simple return model using option-adjusted yield, duration, convexity, and spread change is a good start but it may have to be augmented with additional parameters such as volatility, and prepayment turnover, threshold, and efficiency elasticity.

Structured Products: Structured asset-backed sectors such as credit card and auto ABS, CMBS, CMO, CLO, and CBO tend to not have much callability other than acceleration on default of subordinated tranches.  We anticipate our generic return model and data time series will be able to adequately track the returns of these assets.  

Emerging Markets: We have separately designed a VaR tool for Emerging Market Bond Portfolios that is based on daily spread data from the JP Morgan EMBI/EMBI+ indices and their component countries
. The sovereign spread time-series of each country are modeled separately via GARCH(1,1), GARCH(1,1) with t-distributed innovations, or GARCH(1,1) with stochastic jumps, depending on which model provides the best fit (typically the third one). Portfolio VaR estimates are then produced via Structured Monte Carlo simulation to correctly model cross-country correlations. We are currently working on the inclusion of this methodology into the domestic VaR module we have described above. In fact, our Structured Monte Carlo approach can be extended with ease to include time-series modeled via Variance-Covariance, such as the sector/duration bin returns in our domestic portfolio. However, a frequency-mismatch problem remains. While Emerging Markets data are available on a daily basis, our domestic data are available on a weekly basis. We are currently considering potential approaches to address this issue.

Simple Optimization Example 

A portfolio consisting of US Treasuries, corporate bonds, agencies, ABS and CMBS sectors is optimized using our methodology.  The analysis uses data for a benchmark representing Lehman Government/Corporate index as of April 30, 1999. The benchmark weights and yields are listed in Table 2. The scenarios considered are named: “Most Likely”, “Unchanged”, and “Least Likely”. The on-the-run treasury yields and expected changes in these yields are shown in Tables 3(a) and 3(b).  Expected horizon spread changes for the three scenarios for different sectors are shown in Table 4(a) to 4(c). The return relative to a benchmark is optimized under the most likely scenario. The common constraints imposed on the optimization are: 

· The individual sector weights are restricted to be in the 0 to 1.0 range.  In addition, the sum of all the weights is constrained to be equal to 1.0.  This implies that shorting of individual sectors and leverage are not allowed. 

· The duration of the optimal portfolio is restricted to be within (0.5 years of the benchmark portfolio. 

· Optimal returns in the “Unchanged” and “Least Likely” scenarios are restricted to be no less than 50 bp below the benchmark returns. 

Three different optimization cases have been considered in this example. These are: 

1. The sum of duration contributions for each duration range over all sector/quality groupings was constrained to be close to the corresponding benchmark duration contributions. 

2. Same as 1, with the additional constraint on the relative VaR. The portfolio 95% relative VaR was constrained to be greater than or equal to –100bp, -50bp, and 0bp. 

3. The portfolio 95% relative VaR was constrained to be greater than or equal to -100 bp of benchmark VaR. There were no other constraints except for those on the individual weights and on the sum of all sector weights.

In each case a six-month time horizon was used. 

Preliminary Results and Discussion

The optimization results (shown in Table 5) for Case 1 show that the corporate Baa sector has the maximum allocation both for three months and six month horizons. 

The results for Case 2 show that the VaR constraint alters the optimal portfolio structure so as to reduce the volatility of returns relative to the benchmark. For the case of portfolio relative VaR greater than or equal to -100 bp, the analysis for a six month horizon shows that the allocation of Baa corporates is reduced significantly and the allocation of the Agency sector is increased correspondingly. As we reduce the margin by which portfolio VaR can exceed benchmark VaR, the optimal return decreases as the allocation to Baa corporate sector decreases and the allocation to less volatile treasuries, asset backed securities and agencies increases. Finally, we note that the optimal sector weights obtained with VaR constraint alone are quite similar to those with VaR and sector duration contribution constraints. 

Summary and Conclusions:

A practical risk-constrained sector optimization methodology has been developed to facilitate the integration of different sector opinions into portfolio synthesis process. The model uses both traditional and modern risk measures such as VaR and stress scenario cases. Our method optimizes interest rate, curve, credit, and volatility exposures to achieve the highest expected return (view-oriented, historically based, or quantitatively forecast) within the allowed risk space defined by various specified risk constraints.  

A parametric model for the analysis of risk and return of sectors with strong optionality (e.g. mortgages and callable agencies) is being developed and integrated in the optimization.  Opportunistic high-yield and emerging market capabilities are planned. This study will extend two of the authors’ recent work in modeling stand-alone emerging market risks using a GARCH process with random jumps by combining it with a Variance/Covariance risk models for the domestic sector. Work on a nondollar model has been started and may be included in the final presentation.  
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Figure 2. Sample Cell Structure for VaR and Sector Optimization of Domestic Fixed-income Portfolio
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     Type/ Coupon
Discount
Cusp
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30 Year Agency (N, S, and SS)




15 Year Agency (N, S, and SS)




Balloon Agency (N, S, and SS)




Whole Loans (N, S, and SS) 
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          Table 1:  Hit Rates for Rolling Value-at-Risk Estimates based on Alternative Variance-Covariance Matrices


Estimation Period for the Variance-Covariance Matrix


13 weeks

26 weeks

52 weeks

All past data, >= 52 weeks


Realized Return Horizon



Realized Return Horizon



Realized Return Horizon



Realized Return Horizon




1 week
4 weeks
13 weeks

1 week
4 weeks
13 weeks

1 week
4 weeks
13 weeks

1 week
4 weeks
13 weeks

Decay Factor = 1
88.96%
84.38%
81.46%

91.33%
87.76%
79.71%

87.90%
86.78%
86.61%

94.35%
92.56%
93.75%


93.87%
88.75%
85.43%

95.33%
92.52%
89.13%

94.35%
91.74%
91.96%

95.97%
96.69%
98.21%


















Decay Factor = 0.85
88.96%
83.75%
80.79%

89.33%
87.07%
79.71%

87.10%
89.26%
88.39%

88.71%
92.56%
93.75%


92.02%
91.25%
88.08%

93.33%
92.52%
89.86%

93.55%
93.39%
95.54%

95.16%
93.38%
99.11%


















Decay Factor = 0.85
91.41%
94.38%
100.00%

94.00%
94.56%
100.00%

93.55%
93.39%
100.00%

93.55%
94.21%
100.00%

no Mean Correction
95.71%
96.88%
100.00%

96.00%
97.96%
100.00%

96.77%
97.52%
100.00%

96.77%
97.52%
100.00%

Table 2 (a) Sector Durations

Sector Durations







Duration Bucket
CASH
0-3
3-5
5-8
8-10
10-15

TSY
0.97
1.82
3.84
6.04
9.57
11.77

Aa

1.97
3.88
6.36
9.03
11.81

A

1.96
3.95
6.37
8.97
11.62

Baa

2.05
4.03
6.24
9.13
11.33

ABS

1.35
4.08
7.25



CMBS

2.00
4.40
6.86



AGY

1.76
3.95
6.44
9.44
11.58

Table 2 (b) Sector Yields

Duration Bucket
CASH
0-3
3-5
5-8
8-10
10-15

TSY
4.95
5.12
5.31
5.45
5.90
5.91

Aa

5.72
5.99
6.37
6.88
0.07

A

5.89
6.22
6.60
7.00
0.07

Baa

6.26
6.70
7.03
7.43
7.37

ABS

5.54
5.88
6.24



CMBS

5.96
6.22
6.48



AGY

5.91
6.08
6.06
6.23
6.36

Table 2 (c) Benchmark Weights

Lehman Government/Corporate Benchmark Weights (%)








Duration Bucket
CASH
0-3
3-5
5-8
8-10
10-15
Total

TSY
0.00
20.98
10.61
7.30
3.77
11.20
53.86

Aa

2.17
2.35
2.22
0.51
0.86
8.11

A

2.96
3.40
4.29
1.01
2.34
14.00

Baa

1.89
2.48
3.13
0.98
1.63
10.11

ABS

0.00
0.00
0.00


0.00

CMBS

0.00
0.00
0.00


0.00

AGY

7.08
3.08
1.84
0.44
1.46
13.90

Table 3(a) Scenario Probabilities

Scenario
Probability

Most L:ikely
1.00

Least Likely
0.00

Unchanged
0.00

Table 3(b) Reference Treasury Data

Reference Tsy
Duration
04/30/99
Most likely
Least likely
Unchanged

CASH
0.00
4.75
4.75
5.00
4.75

2YR
1.87
5.07
4.94
5.70
5.07

5YR
4.19
5.22
5.04
5.82
5.22

7YR
5.46
5.41
5.07
5.87
5.41

10YR
7.41
5.36
5.13
5.94
5.36

30YR
14.38
5.68
5.50
6.25
5.68

Table 4 (a) Horizon Spread Changes for Most Likely Scenario

Duration Bucket
CASH
0-3
3-5
5-8
8-10

TSY
0
0
0
0
0

Aa

-5
-5
-5
-3

A

-7
-7
-7
-5

Baa

-10
-10
-10
-7

ABS

-10
-10
-10


CMBS

0
0
0


AGY

-10
-10
-10
-10

Table 4 (b) Horizon Spread Changes for Least Likely Scenario

Duration Bucket
CASH
0-3
3-5
5-8
8-10

TSY
0
0
0
0
0

Aa

10
10
10
7

A

15
15
15
10

Baa

20
20
20
15

ABS

10
10
10


CMBS

-3
-3
-3


AGY

10
10
10
10

Table 4 (c) Horizon Spread Changes for Unchanged Scenario

Duration Bucket
CASH
0-3
3-5
5-8
8-10

TSY
0
0
0
0
0

Aa

0
0
0
0

A

0
0
0
0

Baa

0
0
0
0

ABS

0
0
0


CMBS

0
0
0


AGY

0
0
0
0

Table 5 Preliminary Optimization Results






Item
Optimization Case






1
2 (a)
2 (b)
2 ( c)
3

Constraints
Duration Buckets (Close to BM Weights)
Duration Buckets (Close to BM Weights)
Duration Buckets (Close to BM Weights)
Duration Buckets (Close to BM Weights)
Portfolio VaR <= 100 bp of BM VaR


Duration (relative to BM)
Duration (relative to BM)
Duration (relative to BM)
Duration (relative to BM)
Total weight (=1.0)


Total weight (=1.0)
Total weight (=1.0)
Total weight (=1.0)
Total weight (=1.0)



Downside return 
Downside return 
Downside return 
Downside return 



Sector weights (0-1.0)
Sector weights (0-1.0)
Sector weights (0-1.0)
Sector weights (0-1.0)




Portfolio Rel. VaR >= -100 bp 
Portfolio VaR VaR >= -50 bp
Portfolio VaR VaR >= 0 bp


Portfolio






Return (%)
4.93
4.87
4.62
4.29
5.08

Duration
5.65
5.62
5.53
5.42
5.93

VaR (%)
4.73
4.61
4.52
4.51
5.11

Benchmark






Return (%)
4.14
4.14
4.14
4.14
4.14

Duration
5.34
5.34
5.34
5.34
5.34

VaR (%)
4.49
4.49
4.49
4.49
4.49

Sectors with
Baa Corp (92.19%)
Baa Corp (74.69%)
Baa Corp (42.32%)
Treasury (39.76%)
Baa Corp (49.79%)

maximum 
ABS (4.38%) 
Agency (14.42%)
Agency (27.75%) 
Baa Corp (23.64%)
Agency (32.53 %)

allocation 
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Figure 1: Portfolio Management Process








� Sr. V.P., Portfolio Manager and Head of Quantitative Fixed-income Research


� Fixed Income Analyst, and Ph.D. Candidate, Boston College, MA


� Fixed Income Analyst 


� In this study term “sector” generically refers to securities that fall within fine criteria of type, industry, credit, and effective duration range. 


� RiskMetrixTM, CreditMetrixTM, and Jorion (97)


� ABS and CMBS = Asset-  and Commercial Mortgage Backed Securities


� CMO, CBO, CLO=Collateralized Mortgage, Bond, and Loan Obligations


� The actual gathering process falls beyond the scope of this study and will not be detailed here. 





� The security composition of our portfolio cells is updated on a monthly basis. Therefore, as our sample consists of weekly data, a slight degree of credit migration risk may persist in our methodology. The CreditMatrix Technical Documentation offers a good description of available quantitative methods to deal with such credit migration effects, including default, for portfolios of individual securities. 
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� Alexander & Leigh (97).


� D’Vari & Sosa (99).
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