
Master in Financial Engineering
Financial Econometrics

Principal Components Analysis

Pr. Florian Pelgrin - T.A. Maxime Couvert

Ecole Polytechnique Federale de Lausanne

Feb. 2019 - June 2019

Pr. Florian Pelgrin - T.A. Maxime Couvert Case study - Session 5 Feb. 2019 - June 2019 1 / 14



Factor Models

1 Factors as observed portfolios of traded assets :

CAPM as one-factor model
Fama-French three-factor model
Illustration : see Econometrics course, 1st semester

2 Factors as observed economic variables

Macroeconomic factors : GNP, inflation rate, unemployment rate, etc.

3 Factors as latent (estimated) variables

Principal Component Analysis
Factor Analysis
Illustration : Our goal for today
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Road map

1. Part I : Swap rates or first-difference swap rates ?

2. Part II : Principal Component Analysis
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Part I : Swap rates or first-difference swap rates ?

Part I : Swap rates or first-difference swap rates ?

Data :

Daily swap rates from 7/3/2000 to 7/15/2005.
Different maturities : 1-year, 2-year,..., 30-year.

Remark :

Let {xt} denote a (financial) time series.
The first-differenced series, {yt} is defined as :

yt = xt − xt−1

Tasks :
1 Plot the daily swap rates series and the first-difference of each series.
2 Determine the covariance (resp. correlation) matrix for the level series

and the first-differenced series.
3 Comment on the results.
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Part I : Swap rates or first-difference swap rates ?
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Part I : Swap rates or first-difference swap rates ?

Figure – Covariance Matrix : Daily Swap Series

Figure – Covariance Matrix : First-Difference Series
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Part I : Swap rates or first-difference swap rates ?

Figure – Correlation Matrix : Daily Swap Series

Figure – Correlation Matrix : First-Difference Series

Pr. Florian Pelgrin - T.A. Maxime Couvert Case study - Session 5 Feb. 2019 - June 2019 7 / 14



Part II : Principal Component Analysis

Part II : Principal Component Analysis

Data :

See Part I.
Use all curves.

Tasks :
1 Run a principal component analysis.
2 Provide the eigenvalue decomposition, the contribution of each

component and the cumulative contribution.
3 How many components can one choose ?
4 Interpret the principal components.
5 Propose an approximate factor model with 1, 2, 3 factor(s) respectively.

Pr. Florian Pelgrin - T.A. Maxime Couvert Case study - Session 5 Feb. 2019 - June 2019 8 / 14



Part II : Principal Component Analysis

Figure – PCA of Covariance Matrix (raw data)

Figure – PCA of Covariance Matrix (raw data) : Eigenvectors
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Part II : Principal Component Analysis

Figure – PCA of Correlation Matrix (raw data)

Figure – PCA of Correlation Matrix (raw data) : Eigenvectors
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Part II : Principal Component Analysis

How many components can one choose ?

Figure – PCA of Correlation Matrix (raw data) : Scree Graph

Recall :

The Scree Graph plots the eigenvalues against the number of
components.

Detect whether there is a ’break’, i.e. decide at which component k
the slopes of the lines are steep (resp. not steep) to the left of k.
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Part II : Principal Component Analysis

Interpretation of the principal components (1/4)

Parallel Shift (level) Component :

The factor loadings of the first principal component are roughly
constant over different maturities.

This means that a change in the swap rate for one maturity is
accompanied by roughly the same change for other maturities.

Tilt Component :

The factor loadings of the second principal component have a
monotonic change with maturities.

Changes in short-maturity and long-maturity swap rates in this
component have opposite signs.
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Part II : Principal Component Analysis

Interpretation of the principal components (2/4)

Curvature Component :

The factor loadings of the second principal component have a
monotonic change with maturities.

The factor loadings of the third principal component are different for
the midterm rates and the average of short- and long-term rates,
revealing a curvature of the graph that resembles the convex shape of
the relationship between the rates and their maturities.
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Part II : Principal Component Analysis

Interpretation of the principal components (3/4)
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Part II : Principal Component Analysis

Interpretation of the principal components (4/4)
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