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A Cointegration Analysis of the Relationship
Between Underwriting Margins and Interest

Rates: 1930-1989
Joseph D. Haley

ABSTRACT

This anicle presents evidence that 90-day Treasury bill rales and underwriting margins
for stock propeny-liability insurers were negatively related and cointegrated over ihe period
1930-1989. These results imply thai underwriting margins fluctuated around a long term
equilibrium relationship with interest rates in a way that is consistent with financial models
of insurance prices.

Introduction

The property-liability insurance industry has long been characterized by
profit cycles. The severe downturn in insurer profitability and coverage
availability which began in 1983 and continued into 1985 increased the
attention that the underwriting cycle has received in the literature. A portion of
the literature has focused on measurement of the cycle (Venezian, 1985; Fields
and Venezian. 1989; Doherty and Kang, 1988; Berger, 1988; and Cummins and
Outreville, 1987). The prevailing opinion of this literature is that the cycle has
an approximate length of six years. Another portion of the literature has
focused on determining a fair underwriting margin for insurers (Hill, 1979;
Fairley. 1979; Kraus and Ross. 1982; Doherty and Garven, 1986; Myers and
Cohn, 1987; and Cummins, 1990, 1991). This literature provides a theoretical
base from which an equilibrium premium rate is derived. All of the models
developed in this literature are extensions of financial asset pricing models. The
three most well-known models are the insurance capital asset pricing model
(CAPM), the discounted cash flow model (DCF). and the option pricing model
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(OPT).' A general result of these financial pricing models is that the equilibri-
um price of insurance is negatively affected by the movement of interest rates.

The objective of this article is to empirically verify the relationship between
premiums and interest rates and also to determine whether this relationship
possesses the characteristics of equilibrium behavior. Doherty and Kang (1988)
and Smith (1989) analyzed the effect interest rates have on underwriting
margins and premium rates. Doherty and Kang used a traditional supply and
demand construct to evaluate whether the underwriting cycle is the result of the
industry making rational adjustments toward equilibrium. They conclude that
the behavior of capital market rates provides a continuing series of exogenous
shocks to which the industry is unable to make instantaneous adjustments. The
slow adjustments manifest themselves as a cycle. Smith shows that, from 1950
through 1982, property-liability premium rates reflected taxable bond yields,
and he thereby concludes that such a result is indicative of competitive
behavior.

The purpose of this article is to enhance the results of Doherty and Kang
and Smith by providing more robust estimations using the cointegration
methodology. The Doherty and Kang analysis used only differenced data, so,
at best, it captures only short-term dynamics. Cointegration captures long- and
short-term dynamics. Smith's conclusion that the reflection of taxable bond
yields in premium rates is indicative of competitive behavior is made more
substantial with cointegration analysis, because cointegration analysis explicitly
determines whether the short-term behavior of the underwriting margin is
stationary. Stationarity is of significance because a stationary variable possesses
the tendency to retum to a particular value, and such a tendency is a character-
istic of equilibrium behavior.

Verification of equilibrium dynamics has two important implications. First,
the existence of equilibrium dynamics suggests that the persistence of the
underwriting cycle is not due to irrationality on the part of insurers, a finding
that would be consistent with Cummins and Outreville (1987). Second, an
industry that responds to market conditions by moving toward competitive
equilibrium requires different types of regulatory attention than an industry that
does not.

The time period of analysis—1930 through 1989—encompasses many
changes in the property-liability insurance industry. Cointegration analysis is
robust enough to permeate these changes because cointegration separates
long-term and short-term phenomena. Any structural changes that took place
in the industry from 1930 to 1989 were long-term adjustments." Hakkio and
Rush (1991) conclude that the length of a data set in a cointegrati()n study is
of greater importance than the number of observations.

'Cummins (1990,1991) gives very good reviews of the financial Eisset pricing models as they
apply to insurance pricing.

' It will be discussed below that for a variable to be considered a candidate for cointegration it
must be integrated of order one, which dispels the notion of needing a constant mean or variance
over the entire time period.
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TTie remaining four sections of this article provide, first, a brief overview of
financial asset pricing models that have been applied to insurance pricing;
second, a description of the cointegration methodology; third, the empirical
results of the cointegration analysis; and, fourth, conclusions and closing
remarks.

Financial Models of Insurance Pricing

The fair level of profit for insurers is earned from two sources, investment
activity and underwriting activity. In its simplest form this relationship can be
written as

, (1)

where I = fair level of profit,
r̂  = investment income as percent of mean assets,
A = mean assets of the insurer,
r̂  = underwriting income as percent of premiums earned, and
P = premiums earned.

Cummins (1990, 1991) shows that equation (1) can be expressed as retum
on equity, r̂ :

r, = r, + s(r,k+r^). (2)

where s = the premiums-to-surplus ratio, and
k = the liabilities-to-premiums ratio (funds generating coefficient).

From equation (2), it is clear that a firm's retum on investment has direct
influence on what level of underwriting margin is considered acceptable by an
insurer.

Insurance Capital Assets Pricing Model

The insurance CAPM was the earliest application of financial asset pricing
to be applied to insurance pricing.^ The insurance CAPM determines the
equilibrium underwriting margin to be

(rJ-rf), (3)

where r̂  = the risk-free rate,
E(r^) = the expected market retum, and

B̂ , = Cov(ru,r^)/Var(r^), or the underwriting beta.

The insurance CAPM shows that, in equilibrium, the underwriting retum
consists of a reward for risk-bearing in the amount of B^(E(r^)-rf). less an
interest credit to policyholders for the use of borrowed funds, -kr .̂ As long as
the risk-premium is relatively stable, equation (3) predicts an inverse relation-
ship between underwriting margin and interest rates.

*For derivation of the insurance CAPM and a complete discussion of all its implications, see
Fairley (1979), Hill (1979). and Cummins (1990).



A Cointegration Analysis of Undemriting Margins and Interest Rates 483

Discounted Cash Flow Models

Discounted cash flow insurance pricing models are based on the net present
value capital budgeting concepts of corporate finance/ These models attempt
to determine the equilibrium price of insurance by discounting the expected
loss payment flows with a properly risk-adjusted discount rate. The premium
rate for the basic one-year mode!, in which all premiums are collected at the
beginning of the year with all losses being paid at the end of the year, can be
expressed as

p - ^ '^^^^ , (4)

where L = the amount of losses.
i = the general inflation rate,

71 = the insurance inflation rate,
v'f = the real risk-free rate of interest, and
X = a risk premium.

Under the Fisher hypothesis, (l+i)(l+r*f) = (l+ff), and again the pricing model
predicts an inverse relationship between asset returns and premiums.

Option Pricing Models

One of the most recent applications of financial asset pricing models has
been option pricing.^ Assuming an insurer begins with equity in the amount
of E, and again assuming all premiums, P, are collected at the beginning of the
year, and all losses, L, are paid at the end of the year, the insurance premium
can be expressed as the riskless present value of anticipated loss payments, less
the value of the insolvency put option (Cummins, 1991):

P = Le"'

The first derivative of equation (5), with respect to r \ is

0, (6)

*For a discussion of net present value decisions, see Copeland and Weston (1983) or almost
any corporate finance textbook. For derivation and discussion of DCF models, see Myers and
Cohn (1987) and Cummins (1990, 1991).

^ For derivation and discussion of the application of OPT to insurance pricing, see Doherty and
Garven (1986) and Cummins (1988, 1990, 1991).
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which connotes an inverse relationship between underwriting margins and
interest rates.

Each insurance pricing model has its own peculiarities, but each of them
concludes that the movement of interest rates in the economy has a negative
influence on the level of equilibrium underwriting margins. It is this relation-
ship that is the focus of the cointegration study presented here.

Cointegration Methodology

The time series methodology employed here is cointegration analysis.^ The
underlying premise of cointegration analysis is that, while time series variables
may contain secular trends (thus resulting in the variables having a unit root),
sometimes, due to a unique economic relationship between variables, a linear
combination of these variables does not contain a unit root.^ This linear
combination represents the long-term relationship between the variables, a
relationship that may be regarded as equilibrium, or an attractor. In the
two-variable case, which is used here, the linear combination forms a line Ihat
connects the long-term equilibrating pairs of values of the two variables. The
deviations from the line represent the short-term movements around equilibri-
um.

Cointegration analysis proceeds by first determining if the variables under
consideration are individually integrated of order one, denoted by 1(1). An 1(1)
variable will contain one unit root and will need to be differenced once to
become stationary, that is, 1(0). If it is delemiined that the variables are 1(1),
then a test for cointegration can be performed by determining whether a linear
combination of the variables can be found which will be 1(0) and have a zero
mean. Consider the simplest case of two variables, x, and y,, which are both
distributed 1(1). These variables are cointegrated if the linear combination
(x,-Wy|) is distributed 1(0). In an application, this linear combination is known
as the cointegrating equation, and W, the cointegrating coefficient, can be
estimated using ordinary least squares (see Engle and Granger, 1991).

The value of W can be interpreted as the long-term relationship between the
variables x, and y,. The short-term behavior of the variables is revealed with
further evaluation of (Xi-Wy,) = z,. To do this, two error-correction models are

"For a thorough incroduction lo cointegration analysis, see Engle and Granger (1991).
' i f a variable contains a unit rtxsi. the variable is said to be nonstationary. A nonstationary

variable has neither a fixed mean nor a constant variance. A nonstationary variable, such as a
random walk, will not fluctuate about a certain value. A (strictly) stationary variable, by contrast,
has a fixed mean and a constant variance. The behavior of a stationary variable, when plotted over
time, is characterized by numerous fluctuations about the mean. White noise, for instance, is a
stationary process. A stationary variable does not contain a unit root. As discussed below, it is
sometimes necessary to distinguish between mean stationarity and variance stationarity.
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estimated, one for each 1(1) variable under consideration. These models take
the form

(7)

where the number of lags, g is chosen arbitrarily, at least one of p,, p . is
nonzero, and (e^E;) is bivariate white noise.

The coefficients p, and p^ measure the short-term behavioral dynamics by
determining the relationship between the deviations from the attractor line, z,.i,
and the changes in the cointegrated variables. Ax, and Ay,.

Empirical Results

The cointegration analysis performed here covers all stock property-liability
insurers from 1930 through 1989. Annual data are used, and the two variables
are the underwriting margin and the 90-day Treasury bill rate for new issues
(risk-free rate)."

Unit Root Tests

The first step of cointegration analysis is determining whether the variables
being considered are Indeed distributed 1(1). These variables are the underwrit-
ing margin, r̂ , and the risk-free interest rate, rf. To test for unit roots, an
Augmented Dickey-Fulier test (ADF) was performed on each variable. The
results of these tests are shown in Table 1. 1 conclude that both variables are

1(1).

Cointegration Estimation

The cointegration technique employed here, as developed by Engle and
Granger (1987), is a two-step method. The first step is ordinary least squares
(OLS) estimation of the relationship between the risk-free interest rate and the
underwriting margin. The regression is fornied with the risk-free interest rate
as the independent variable. The fitted line measures the long-term equilibrium
path that exists between these two variables. The deviations from the line (error
terms) represent the short-term movements about equilibrium. If it is determined
that the deviations about the fitted line are stationary, the cointegration

*The underwriting margin data were collected from A. M. Best (1959. 1990). The figure used
is the statutory underwriting income divided by earned premiums. The risk-free rate was collected
from U.S. Department of Commerce (1955, 1969, 1989).
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Table 1

Augmented Dickey-Fuller Tests for Units Roots

T-Values Number of Observations Lags

Levels
Risk-Free Rate, T( -0.987 56 3
Underwriting Margin, r̂  -1.017 56 3
First Differences
Risk-Free Rate, r̂  -4.596 55 3
Underwriting Margin, r̂  -4.509 55 3

Sources: A, M, Best (1959. 1990). U.S. Department of Commerce (1955. 1969. 1989).
Note: The null hyptiihesis of these tests is ihai ihe variables contain a unit nwt. while the alternative is
that Ihe variables are 1(0). If the reported i-vaJue is greater than the critical t-va!ue. the null hypothesis
is accepted. The 5 percent and 10 percent critical values for these unit root tests are -2.13 and -2.60.
respectively (see Fuller. 1976. p. 373). The data are annual industry figures tor stock propeny-Habit ily
insurers for 1930 through 1989.

hypothesis is upheld because stationary error terms possess the tendency to
retum to the line.

The estimated cointegrating equation is

r^ = 3.752 -
(4.50)(-6.89) '• '̂̂ ^

where the t-values are reported below the estimates, the adjusted R^ = 0.44, and
the F-ratio = 47.5. The magnitude of these estimates appears reasonable, and
the sign of the slope coefficient is negative as expected.**

An ADF unit root test was performed on the error terms from the estimation
of the cointegrating equation. The t-value of the test was -4.124, which rejects
the presence of a unit root at a significance level of five percent.'" Since the
error terms are stationary, the cointegration hypothesis is upheld.

In an effort to test for the presence of heteroskedasticity, a Goldfeld-Quandt
test was performed on the error terms of the cointegrating equation. The null
hypothesis of homoskedasticity was rejected at a significance level of one
percent, in deference to the alternative hypothesis which held that the variance

''The OLS estimates of the cointegrating equation are not to be interpreted directly from any
of the pricing models (say. the CAPM). The objective of the cointegration analysis is to confirm
the existence of an attracting equilibrium. To accomplish this objective, the first-step estimation
need only produce an unbiased, consistent estimator of the cointegrating coefficient. A consistent
first-step estimator will result in asymptotically efficient estimates in the second step (see Engle
and Granger, 1991, chap. I).

'"There were two lags used in this ADF test, which left 57 observations for computation. The
null hypothesis of this test is that the variable contains a unit root, while the alternative is that the
variable is 1(0). If the reported t-value is greater than the critical t-value. the null hypothesis is
accepted. The 5 percent and the 10 percent critical values for the ADF test are -3.29 and -2.90,
respectively (see Engle and Yoo, 1987). No intercept term was used for these unit root tests.
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of the error terms was larger in the later years of the sample." This finding
indicates that the series of error terms are nonstationary in variance. Such a
result, though, does not undo the cointegration hypothesis. Hansen (1992)
shows that OLS estimates of heteroskedastic cointegration models are
consistent, and he concludes that the dominant property (requirement) of the
cointegrating residuals is mean stationarity. As a result of the presence of
heteroskedastic ity. the reported t-values for the cointegrating equation estimates
are of dubious inference quality.

The second step of the cointegration estimation is OLS estimation of two
error-correction models (ECM). These models are

Ar =a,+p,z, ,

Ar =

I - l
4

,Ar +e,
I U 1

4

^Ar
'

(9)

where z is the vector of error terms from the estimation of the cointegrating
equation. The results of the ECM estimation are
reported in Table 2.

The important feature of the ECM estimation is the error term variable, z,.,.
This variable is significantly different from zero in only the underwriting
equation, that is, Ar̂ . This nonzero coefficient on z,_, in the Ar̂  equation
indicates that premium rates are the primary focus of equilibrium adjustments.
The magnitude of the coefficient, -0.48, suggests that the equilibrium
adjustments are partial adjustments. The sign of the coefficient is negative as
expected. The negative coefficient confirms that when the property-liability
industry is operating above the equilibrium line, there is a tendency to reduce
rates.

Figures lA, IB, and lC display the nonstationary cointegrated variables, r̂
and r̂ , along with the mean stationary error terms, z,. It can be seen in these
figures that as the risk-free rate has trended upward, the underwriling margin,
with its characteristic oscillations, has trended downward. When the effect of
the risk-free rate is removed from the underwriting margin, the mean stationary
series in Figure lC is the result. The mean stationary series reveals that the
short-term deviations from the coinlegrating equation consistently return to the
long-term relationship. The larger variability of errors in the later years (as
confirmed by the Goldfeld-Quandt test) can be interpreted as a more volatile
equilibrium situation, but it can possibly, and more technically, be described

"For the Goldfcld-Quandt lest, the ten central observations were dropped, leaving 25
observations for each regression. The test value was 3.063, and the F,, j^ critical value is 2.66. The
sum of squares for the early years regression was 254.564, while the sum of squares for the later
years was 779.591.
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Table 2
Estimation Results of Error-Correction Models

Ar̂  Ar,

Intercept

Coefficient

-0.093
-0.480
0.157
0.862

-0.201
-0.198
0.550
0.0154

-0.325
0.253

T-Value

-0.279
-2.833
0.405
2.279

-0.532
-0.532 '
3.341
0.104

-2.365
1.718

Coefiicient

0.243
0.032

-0.014
-0.336
-0.046
-0.017
0.091
0.044
0.103
0.104

T-Value

1.611
0.414

-0.079
-1.970
-0.269
-0.103
1.223
0.664
1.666
1.568

Sources: A. M, Best (1959, 1990). U.S. Department of CommerLe (1955, 1969, 1989).
Note: For Ar,, F = 8.286 and adjusted R' = 0.548. For Ar,. F = 2.516 and adjusted R' = 0.202. The data
are annual industry figures for stock propeny liability insurers for 1930 through 1989. The 5 percent
critical t-values for n = 60 arc +_2.00 (standard t distribution).

as a bi-integrated process in which larger residual variances are associated with
larger values of the (risk-free interest rate) regressor. Hansen (1992) has
developed a general model of this type.

Impulse Response Function

As an addendum to the cointegration analysis, an impulse response function
has been derived in an attempt to measure the response of the underwriting
margin to a one-time shock in the risk-free interest rate. Impulse response
functions are derived from vector autoregressions (VAR) and are common tools
of economic analysis.

The ECMs estimated above can be classified as a vector autoregression, but
the presence of the z,_, terms does not allow the direct computation of the
impulse response function. Lutkepohl and Reimers (1992) show how impulse
response functions can be derived from cointegration systems.

The ECMs must first be written in the following form:

eAX, = M,- r ,AX, , . r ,A; f ,3 . r3AX, , . r ,AX, , . rK, , . e , (10)

where the X matrix is a stacked vector equal to [r̂  r^]', and AX, is equal to the
first differences of this stacked vector.

Ordinary least squares estimation of equation (10) is used to form the
following more conventional VAR mode!:
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Figure lA
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where ®i = Aitsi^^i^n,

From the ©̂  coefficients, the impulse responses are computed as follows:

where ^Q = 1,2̂ 2). and
0j = 0 for j > p.

Figure 2 plots the impulse responses on the underwriting margin from a
positive one-time unit shock {one standard deviation) to the risk-free rate.
Interpretation of the plot begins with the assumption that the system is in
equilibrium and that equilibrium is located at the origin. The plotting then
shows that the level of the underwriting margin, after some sharp fluctuations,
settles, ceteris parihus, at a new equilibrium that is lower than the initial
equilibrium. The distance between the new equilibrium and the initial
equilibrium is equal to 75 percent of the unit shock. This means that a positive
one-time shock on the risk-free rate has a permanent negative effect on
underwriting margin, as long as no other shocks occur. This may seem to be
an unreasonable conclusion at first glance, but the VAR basis of the impulse
responses is equation (11). The variables in equation (11) are the levels of the
risk-free rate and the underwriting margin and are. therefore, nonstationary. As
such, and in the absence of additional shocks, these variables do not possess
the tendency to retum to a prior level in the wake of the one-time shock.

Conclusion

The major conclusion that can be drawn from this analysis is that the
underwriting margin of stock property-liability insurers and the risk-free interest
rate were cointegrated over the time period of 1930 through 1989. The
cointegrating relationship is negative, as theory suggests, and that a one-time
shock to interest rates has, ceteris paribus, a permanent, negative effect on
underwriting margins. Also, there is some evidence, although preliminary, that
equilibrium activity becomes more volatile at higher interest rates.
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Figure 2

t ime

-0 .25

- 0 . 5

-0 .75

-1

-1 .25

- 1 . 5

Number of Days

Responses of property-liability industry underwriting margin to a unit shock in
the 90-day Treasury Bill rate.

Although these results do not prove that the industry is guided by competi-
tive behavior, they are nevertheless consistent with rational, competitive
behavior (Granger, 1986; Campbell and Schiller. 1987). In addition, the
evidence presented here does not eliminate the possible existence of aggrega-
tion bias (Fields and Venezian, 1989). But the results do suggest that the
long-term equilibrium prices are dependent upon the interest rate and that
prices move toward equilibrium.
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