COWLES FOUNDATION FOR RESEARCH IN ECONOMICS
AT YALE UNIVERSITY

Box 2125, Yale Station
New Haven, Connecticut 06520

COWLES FOUNDATION DISCUSSION PAPER NO. 924

Note: Cowles Foundation Discussion Papers are preliminary materials
circulated to stimulate discussion and critical comment.
Requests for single copies of a Paper will be filled by the
Cowles Foundation within the limits of the supply. References
in publications to Discussion Papers (other than mere
acknowledgment by a writer that he has access to such
unpublished material) should be cleared with the author to
protect the tentative character of these papers.

RISK ANALYSIS IN ECONOMICS:
AN APPLICATION TO UNIVERSITY FINANCES

William D. Nordhaus

September 1989



Table 6. Risks in Different External Factors
[Percent forecast error or uncertainty,
three-year horizon]

Factor Risk

(1) (2) (3) (4)
Factor DRI Historical Assumed
Stock Market Prices - 21.1 21.1
Interest Rate 9.4 18.9 18.9
Government 0.67 16.3 16.3
Real GNP 1.4 4.3 4.3
Real Wages 0.69 2.1 2.1
Price Level 0.39 7.0 7.0

Note on units: The Factor Risk in columns (2) through
(4) represent the volatility of the underlying factor,
measured as the uncertainty of the factor over a three-
year period. For example, a forecast of the stock market
is assumed to have an uncertainty of 21 percent over a
forecast horizon of three years. Definitions of the
variables are provided in Table 1.

The estimates for the DRI model are taken from Data
Resources [1988].
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e 7. Uncertainties Associated with Different External Factors

[Percent forecast error or uncertainty,
three-year horizon]

Factor Risk

(2) (3) (4) (5)
Total
Sample 1954-69 1970-87 Forecast
Market Prices 21.10 17.64 22.34 19.10
st Rate 18.99 12.51 23.03 16.87
ment 16.30 20.16 11.51 13.14
NP 4.31 3.83 4.44 3.43
ages 2.14 1.14 1.0¢9 1.30
Level 7.01 2.49 5.45 3.91

Note: The uncertainties in columns (2) through (4) are
standard deviations of 3-year differences in the
variables. For example, the first row represents the
standard deviation of [m] = log(My) - log(My_3), where
My is the stock-price index for year t. The forecasts
in column (5) represent the standard error of a
regression that uses prior information about the factor
in column (1); in general, the prior information was all
the listed variables lagged three years.
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Table 8. Weights and Total Impact of Different Risky Factors

(1) (2) (3) (4) (5)

WEIGHT OF FACTOR TOTAL IMPACT
{Percent of total [Equal to weight of
income or expenses] factor times factor

risk. Unit is standard
deviations of log of
income-expense ratio.
Measured as percent of
total budget. ]

Factor University College University College
Stock Market 10. 10. 2.11 2.11
Interest Rates 6. 6. 1.13 1.13
Government 21. 14. 3.42 2.28
Real GNP 14. 5. .56 .22
Real Wages 55, 60. 1.18 1.26
Price Level 16. 16. 1.12 1.12
TOTAL*

Actual 4,14 2.73

Independent 4.52 3.73

* See footnote 12. The "Actual" risk for the total is the

risk of the weighted sum of the different factors. This will
differ from the weighted sum of the risks of different
factors shown on the "Independent" line because of
correlations between the risks of different factors.

Note on units: The weights in columns (2) and (3) are the
shares of the factors in the total budget, in percent, as
shown in equation (3) for research universities or (6) for
small colleges. The total impacts in columns (4) and (5) are
derived by multiplying the weight of the factor times the
volatility of the factor, where the latter is shown in column
(4) of Table 6. The units of the impact are standard
deviations of the logarithm of the income-expense ratio.
Therefore, the standard deviation of the income-expense ratio
for universities over a three-year horizon is 4.14 percent.
The variables are defined in Table 1.
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Table S

Frequency of External Shocks to Colleges and Universities

Historical frequency:
number of occurrences,

1954-87

Size of Shock Research University Small College
More than 5 % 3 years 0 years
3% to 5% 2 5

1% to 3% g 8

-1% to 1% 5 7

-3% to -1% S 12

-5% to -3% 4 2

Less than -5% 2 0

Total 34 years 34 years

Source: From calculations of the forecast errors of the
logarithm of the income-expense ratio.
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Table 10

Actual and Theoretical Frequency of
Shocks to Colleges and Universities

Size of Shock

Research University

Number of occurrences,
Based on estimated risk
and normal distribution

of shocks and on the historical

frequency, 1954-87

Small College

Theoretical Actual
More than 5 % 12 % 9 % 5 %
3% to 5% 12 6 10
1% to 3% 17 26 21
-1% to 1% 18 15 28
-3% to -1% 17 24 21
-5% to -3% 12 6 10
Less than -5% 12 12 5
TOTAL 100 % 100 % 100 %
Frequency of
"Large" and
"Severel
Unfavorable Shocks
Less than -3% 24 % 18 % 15 %
Less than -5% 12 12 5
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Level of Volalility and Weights

[Volatility and Impact in percent; Weight in percent x 0.1]
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Figure 4. Uncertainty on Colleges
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Level of Volalility and Weights

[Volatility and Impact in percent; weight in percent x 0.1]
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Figure 3. Uncertainty on Universities

[Total and its Components]

7 m@ m |

I { f
Stock Market Real GNP Interest Government Wages Inflation

7] Weight N\ Volatility 77 Impact

TOTAL




