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Underwriting Cycles and Dynamic Relationships Between
Premiums and Other Financial Variables

Recentempirical work shows thatproperty-liability industry underwritingeturns are
cyclical. The evidence from these studies suggéstiunderwriting-profit rate$ollow a second
order autoregressive process. The exact causes ohdeewriting cyclehowever, have never
been agreed upon in the insurance-economics literature.

Various hypotheses have been proposed and tes@glainthe insurance underwriting
cycle. Some ofhese hypotheses includ€¢l) the extrapolatiohypothesis by Veneziaii985),
(2) rational-expectations/institutional-intervention hypothesisdymminsand Outreville (1987),
(3) thefluctuation-in-interest-rates hypothesis suggested by Doherty and (K888), (4) the
capacity-constraint hypothesis by Winter (1988, 138apd (5) thechange-in-expectations
hypothesis by Lai and Witt (1990 and 1992).

Although all the above hypotheses, except for the change-in-expectations hypudiesis,
been empiricallyested some unresolved issues and problstiissemain. Most othe studies do
not simultaneouslytest all of the proposed hypotheses, and dhdssion of some relevant
variablesmay causevariable specificatiorerrors and ignore someelevant hypotheses as a
consequence. However, a recent study has resolved some of these prdldgrags and Terry
(1993), utilizing existing theoretical models, developed a comprehensgé of testable
hypotheses and used Grangausalitytests to evaluate these hypotheses atletgrminants of
insurance premiums and causes of the underwriting cycles.

The empirical evidencgrovided by Niehaus and Ter(§993) sheds somlight on the
insurance underwriting cycleHowever, byusing regressiomnalysisthey only document the

results ofsimplestatistical hypothesigsts forcausal relations. Such analysis mayot provide

1Similar arguments can be found in Cummins and Danzon (1991) and Gron (1990, 1992). Gron (1990) tests the
capacity constraint hypothesis and provides empirical evidence which is consistent with Winter's hypothesis.
2For a detailed review of underwriting cycles, see Cummins, Harrington, and Klein (1992).



a complete description and analysis ofdh&a3 Forexample, theyeport that theoefficients on
several lagged variables hamepositesigns in some of their models, such as surplus lagged for
one andiwo periods (see Panel B, Table 4, Niehaus and Terry, 19GRarly, a meaningful
conclusion is difficult toreach about theffect of surplus on premiums when lagged surplus
variables haveoppositesigns. Furthermore, Grangeausalitytests do notshed light on the
response opremiums toshocks in otherelevant variablesver a long period of time. Such
premiumresponses ovdime may beimportant totest forandmay help to explain institutional
lags andcyclical trends. Finally, Niehaus and Terry dighot test thechange-in-expectations
hypothesis.

This research assesséso major issues:(1) the“causal’ relations anddynamic
interactions betweepremiums and lossese evaluated hysing avector autoregressivaodel
(VAR) which includes lagged values thie variables; angd2) howpremiumsrespond to shocks in
selected variablemcluding surplus, interest rates, thvariance of losses, aritie variance of
interest rates is examined.

More specifically, thisresearch extends thexisting literature on underwritingycles in
several ways. First, it develops results tftg decomposition ofariance whichtend to provide
more information than a simple statistical hypothesss forrejection or non-rejection of iaull
hypothesis. Second, the evaluation of new results generatetpilge response functions of
premiums toshocks invariablesother tharsurplus provides more information aingights about
the rational-expectations/institutional-interventibgpothesis and possible causes generating
cyclical trends inpremiums. Third, thigycle study is the first tanclude uncertainty measures
based on theariance of losses arlle variance of interesttes in theime-series models and to
provide some empirical evidence about the change-in-expectations hypothesis.

The remainder of this paper is organized as follows. fdlleeving sectionbriefly summarizes

the hypotheses to liested. The next sectiatescribes thelata and the vector autoregressive

3Similar arguments can be found in Lee (1992).



(VAR) methodology. The subsequent section contains results of theaviAligsis (variance
decompositions anidhpulseresponse functions)rinally, the concluding section summarizes and

concludes the study.

Hypotheses

Niehaus and Terry(1993) have carefully reviewed and specified eelatively
comprehensiveet of hypotheses amderwriting cycles fronthe insurance-economics literature.
The hypotheses areriefly summarizedbelow and thertestresults are presented in the next
section.

HYP.1: Past losses can explain current premiums.

Venezian (1985) proposed doss extrapolation hypothesishich is based on the
observation thainsurers and rating bureasgst rategpremiums) to a certain extent lkiging
regression results derived frqrast losses. He suggested thatgiemiumsset bythis method
would create "ajuasi-cyclicalpattern" of underwriting profinargins? Thatis, pastlosses may
explaincurrentpremiums because premiudn® partially set byusing regression results based on
past losses. Aypothesis of rational expectations with institutional lags advanc&utmnins
and Outreville (1987) suggestisat underwriting cyclesmay bedue to the presence of data
collection lags, regulatory lags, apdlicy renewal lags in a rationakpectations framework.
Moreover,they suggesthat insuch a rational expectations framewqrkemiumsare sebased
on expected future losses and expenses. Niehaus andIB98yhave arguethatany measure
of expected losses may be subject to measurementvbiobr may becorrelated withpastlosses.
Therefore, it can be hypothesized thastlossesmay predictpremiums in a rational expectations
framework with various lags and institutional factors because of measurement error.

HYP.2: Premiums are informationally efficient predictors of future losses.

4Brockett and Witt (1982) made a similar suggestion in response to a comment by Venezian (1982) on the
underwriting risk and return paradox discussed by Hedges (1981) and Witt (1981).



Financial models applied to insurance pricisigeh as those by Kraus and Ross (1982),
Fairley (1979), Hill (1979), Myers and Cohn (1987), Moridaira, Urrutia, and Witt (1992), suggest
that insurance premiums refletite presentalue of expected losses and expenses in a rational
expectations framewofk.Thus, it can be hypothesiz#éht currenpremiumsareinformationally

efficient predictors of future losses.

HYP.3: Inverse relationship between current premiums and past surplus changes.

This hypothesis is based ¢time capacity constraint theamhich was first advanced by
Winter (1988 and 1989). Winter's argument, based on the assumption that external equity is more
expensive to raise than internal equity (Myers and Majluf, 1984pests that thasurer will not
immediately adjust surplus whethe surplus is reduced by adverse outside shocks, such as
catastrophes.Sincethe quantity ofnsurance potentially available genstrained by an insurer's
equity or capacity, supply ieduced after adverse shocks. Thus, prices tend to be forced up
when insurance capacity or equity is reducedimilarly, when there is excess capacity, the
potential supply of insurance greater than markelemand, and prices adkiven down in
competitive markets.

HYP.4: Inverse relationship between interest rates and premiums.

Financial models or an analysis inrational expectations framework suggeisat
insurance premiums reflette presentalue of expected losses and expenses (see Myers and
Cohn, 1987, an€ummins, 1991).Thus, thehigherthe discount rate, the lowpremiumswill
tend to be, othethings being equal. This prediction is alsonsistent with a hypothesis
suggested bysmith (1989) and Doherty an&ang (1988). Doherty and&ang in particular

suggested thdtuctuations in the interest rates causgurance pricing cycles. Thaderlying

S|t should be noted that predictions in a rational expectations framework differ from rational expectations with an
institutional lag hypothesis. A hypothesis of rational expectations with institutional lag hypothesis considers data
collection lags and other institutional factors while these lags and institutional factors are ignored or assumed away
in a simple rational expectations framework. For a detailed review of insurance pricing models, see Cummins
(1991).



intuition isthathigher interestates generate greaiavestment income which bringdout lower
premiums, and vice versa.
HYP.5: Positive Relationship between uncertainty and premiums.

Lai andWitt (1990) recently developed a pricing modahder uncertainty. Thenodel
suggests thgiremiumsare a function ofariance inboth losses and intereasttes, in addition to
the expected value of losses and interest rates. The impact of increases in uncertainty about losses
and interest rates on insuramremiums(as measured by their variance) would be expected to be
positive, because managers of insurers are assumed to be risk advetsekiosurers one can
assume there are agency probleims to the largavestment in human capital specific tstack
firm by manager$) In other words, Lai and Witt (1990 and 1992) suggestuthegrtainty is one
of the factors that caused tbemmercialiability insurance crisis. The#énalysiscan be extended
to help explainthe underwritingycle. Specifically, when insuremskpectations about future
uncertainty of losses and interest rateshagh (low) thenpremiumswill tend to behigh (low),

other things being equal.

Data and Methodology

Forty-four years ofinnualdataspanningthe period 1946 through 1989 are used in the
time-series estimation.All data werederived from various issues @est's Aggregates and
Averageswvhich are published by the A. M. Best Company.

All of thevariables in this study measuyrarly changes in value and are transformed into
first differences as follows:

Ye=Yi- Y1

where Y is the naturalogarithm ofthe variable ofinterest (except for interest rates)tiate t,
and y is the firstdifference ofthe variable ofinterest. In the firstnodel specified below, tavo-

variable VAR system (premiums and losses) is employed. A six-variable model is then specified.

6For an alternative rationale, see Greenwald and Stiglitz (1990).
"The authors would like to thank Niehaus and Terry for sharing their data with us.



Two-Variable Vector Autoregressive Model.

Premium and lossese measured gremiumswritten during year t, PRand losses paid
during year t, LR respectively. Premiunrather than loss ratios eombinedratios are used in
this study foranalyticalpurposes becaugpgemiumsappear to be a majdriving force behind the
underwriting cycle. Premiumsicorporate informatiorabout expected losses, discount rates,
surplus, and uncertainty factors that are related to the hypotheses to be tesquhjmef Paid
losses are obtained by subtracting the change in the loss reserves from losses incurred. The VAR

model for premiums and losses with three lags in each variable is specified as}fbllows:

3 3
PR{=0a10+ ) a1jPRtj + ) ByjLP ¢ + €1t (1)
=1 =1
3 3
LPt=appo+ ZaszRt.j + ZBZjLPt-j + €2t
=1 =1

For illustration purposes, theémpulse response functionof any variablesuch as

premiums can be expressed as:
PR1t= €1t + 01281 t-1 + (0212 + 012021) £€1,t-2
+ ...+ 0128211+ a12(011 + 022)€2 1.2 (2

In other words, PR is a function of the current and laggedues oferror terms. Specifically,
equation (2) shows the current and lagged effects of changes (shagksgride, ;. Therefore, a
one-time shock in losses at time t has no effect on premiums until tirke t+1.
The Six-Variable Model.

In the second model, laggedlues offour variables(surplus, interest ratelss variance,

and interestatevariances) aretilized along with variablefr the conditionavariance of losses

8Sims (1972, 1980a, and 1980b) first suggested the VAR approach. For a general discussion about innovation
accounting which provides a basis for the VAR analysis, see Lee (1992).

9See Lamm-Tennant and Weiss (1992) for a similar supporting rationale.

101 the two models in this study, all variables are examined with two and three lags. Since the results are very
similar in all cases regardless of the number of lags chosen, only the results obtained. With three lags are reported
in order to save space.

11For a supporting type of rationale, see Sims (1972, 1980a, and 1980b) or Maddala (1992).



paid and interestates on treasury bonds. The form of thedel used fothe estimation is
specified below:
PRt = byt +2bpjPRy.j + ZbgjLP ¢ + 2bgjSU¢.j + ZbgTB .

+3bgVLPj +2b7jVTBt| +eut (3)
where PRis premiums at time t and LB losses paid at time t as in the two-variable systeq; SU
is the aggregatpolicyholder surplus; TBis thefive-year Treasure bongte attime t; VLP; is
the conditionalariance of losses paid at time t; and Y T18the conditionalariance of interest
rates on treasury bonds at time t.

To generate the conditionaariance for losses-paid and interesties in equation (3), a
general GARCH model was used to examine the[Batkerslev (1987); HamadJasulis and Ng
(1990)]. Initial examination othelosses-paid and interesttesvariables indicatethatthey were
non-stationary. Taking firgtifferences othe natural log of thesariables achieved stationarity.
Applying the transformed data in thmodel yields anARCH(2) process for theonditional
variance, as shown below:

Yt=atég

h(t) =y + ey + be?
where y is the firstdifference of interestates and the natural log tdsses-paid; h is the
conditional varianceg is the errorterm; and a and b are the measurement parameters or

coefficients.

Empirical Results and Interpretations
The results of thgariance decomposition te forecast error for thevo-variable model
are reported in Table 1. Premiums (PR) appear to be determined lyrgmams in &Granger-
causally-prior sense because mosthef forecast errorariance(83.8%) is accounted for by its
own variation or prior change (innovation). Losses paid also appesplain a substantial
percentage (16.2%) of the variation in premiums. Figure 1.2 shows that, in response to a one-time

shock in LP (losses paid), PR (premiums) increasaly for the first four years and thelecline



below zero for thefifth and sixth years and then move abpse again. Two interesting
observations should mted. Although theinitial response of PR to an increase in losses paid is
positive as expected, the response becomes negative after four yaamgesultappears to
capture thecyclical effect of a paid-loss shock on premiums. Furtherntbeeyesponse does not
die out everaftersix years,implying that theeffect of a shock in losses premiums is relatively
permanent. Thesevo observations are quitdifferent from the typical patterns ofimpulse
response functions found in tfieanceliterature (such as Lee, 1992) where stock returns are the
main focus. Specifically,the impulse functions o$tock returns do nathow acyclical trend and
the shocks are not permanent. Thus, the economic behavior of insurance markets agliffears to
substantially from stock markets.

Similar tothe results fopremiums, it appeatbatchanges (innovations) in losseglain
most of the forecast error in thvariance of losses themselvi@2.3%), as shown iffable 1.
More importantly, howeverpremiums help explain a substangmrcentage (37.7%) of the
variance in future losses. Thesmpirical resultsdiffer from what was found by Niehaus and
Terry (1993). Based on their resulighaus and Terry tentatively concludedt futurelosses
failed to“predict” currentpremiumsdue to an errors wariable problem. Theysed paid losses
based on calendar-year rather thahcy-year losslatawhich theythoughtmay ravecreated the
problem!2 However, using the VAR approacthis study provides evidencthat current
premiums dopredict future lossefor vice versa) byutilizing the same calendar-year paid-loss
data. This result imgically consistent with a predictidhat premiums reflecthe presentalue of
future losses based on financial pricing mott@isnsurance in a rational expectations framework.
The suggestion that currgmtemiums can at least partiaflyedict future losses seemmuitively
reasonable, even though underwrittygles exist, because insurers alwaysto setpremiums
based on expected future losses and expenses baa#tchwailablenformation wherrates are

established.

12For an explanation why policy-year loss data are better for measurement purpose than paid losses on a calendar-
year basis, see Niehaus and Terry (1993, pp 471-472).



The empirical observation above doe®t necessarily invalidatéhe results obtained by
Niehaus and Terry because they used a leadvinssble topredict currentpremiums while
lagged premiums were used here to predict current losses. Specifically, Niehaus afid®J&)ry
usepremiums aghe dependemnariable and a lead-loss variable as independent vartabke;
their approach is basically an indirect test. The approach usemhdnelr detter tesbecause it
tries directly to determine whether lagged premiums predict current losses.

As shown in Figure 1.4, the response of losses paid, LP, to a one-time gbreckiims,

PR is either negligiblésee the first year) or positive for the first 6 years, except for year 3. It
appeargnitially that premiums and lossese posively related, as one would expect. However,
after the firstsix years, the effect becomes negative for three years and then beasitigs
again. The response of LP to shocks in PR was also found telatieely permanent and
cyclical.

In sum, the results from the decompositiovarfiance inthe two-variablesystem suggest
that losses explain substantifilactions of variations in premiums, ase might expect.
Moreover, the results are consistent with an extrapolatigpothesis and rational-
expectations/institutional-intervention hypothesis. Furthernpyeamiums explain a substantial
percentage of theariance in losses the two-variable systemrhis empiricalresult is consistent
with predictions offered by a rational expectations hypothesis with perfect capital markets or
insurance pricing models, such as the one suggested by Myers and Cohn (1987).

Table 2 presentthe decomposition ofariance results ahe forecast error for thex-
variable system which includés/o conditional variance terms. it other variables in the
system, the explanatopower ofpaid losses becomes weaker. The response of PR to shock in,
LP as shown in Figure 2.2, sgmilar to the two-variablesystem excepthe response of PR is
negligibleduring the first year.This interesting result deserves soatiention. At firstglance,
the response gbremiums inthe first yeamay seem to be inconsistent with almadt of the
existing hypotheses and theories (sucthasnsurance pricing model by Kraus aRdss, 1982)

which predict premiums and lossemre positively correlated. However, the response can be



explained bythe hypothesis of rational expectations with an institutional lag, as advanced by
Cumminsand Outrevillg1987). A shock irlosses in yeazero may not causepremiums to
increase in year 1 because of a regulatory ladatacollection lag, orother institutional-lag
factors. The response of PR does become positixgans 2, 3, 4, and 5. This positive response
is consistent with insurance pricing models atder theorieswhen lags in responses are
recognized.

Changes in surplusSU) seems to explain a substanpakcentage (14%) of theariance
in premiums as shown in Table 2. Thissult is consistent with a capacity-constraint or
imperfections inthe capital markdtypothesisthat suggestsurplus influences oexplains
premiums. Figur®.3 shows that thirst and second year responsepoémiums to a positive
shock in surplus areeroand positive. The response becomes negative in years 3, 4, and 5, and
then positive again. The responsepoémiums inthe firsttwo yearsdoes notseem to be
consistent with a capacity-constraint hypothesis because Winter predictgurethaims and
surplus would beegativelycorrelated. However, thiaitial two-year response of PR to a one-
time shock in SU can gssibly be explained with a Cummins-Outreviyge of hypothesis of
rational expectations with an institutional lag. A shinckeasing surplus in yeam@aynot cause
premiums to decrease during the following two years because of lags or other institutional factors.
Premiums, however, do decrease in years 3, 4, anwbch is consistent with a capacity-
constraint hypothesis with a laghis result seems to reflect a lag effsaggested b ummins
and Outreville(1987). In other words, the responsepoémiums toshock in SU cannot be
explained by the capacity hypothesis alone, as suggested by Winter (1988).

A combination ofthe capacity-constraihtypothesis and a hypothesis of rational
expectations with an institutional lag, however, can reasoeaplginthe response gfremiums
to a shock in surplus. By comparing the lagged effect gbrgraiumresponse to shocks jpaid
losses (Figur.2) and surplus (Figurg.3), it can be observed that it takes at least a year for
premiums tareact to either a shock in surplus or a shock in losgbs result seems reasonable

because the adjustment process for insurers to cpagm@msafter a shock in losses or surplus
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shouldnot differ substantially. It might beoted that a reduction isurplus or capacity could
result from a reduction in assets from adverse investment resuligellaas from adverse
underwriting experience.

For therelationship between interasttes (TB)and premiumsPR), itcan be seethat
interest rates arable to explairill.4% ofvariations in premiums, as shown in Table 2. These
results are consistent with the interest-rate-fluctuation hypothesis. inifiak response of
premiums to a positivehock in interest rates (TB)sgmilar to ashock in surplugSU) asshown
in Figure2.4. Thenegative effect on premiums from an increasmterest rates predicted by
Smith (1989), Doherty andang (1989),Lai andWitt ( 1990 and 1992), and others does not
become apparenintil the third yearAgain, rational expectations with an institutional lag can
explain thistype of response. Moreover, the fact tingurers tend tanvest and hold assets may
help to explain the result because insureraatdave taealize gains or losses @inancialassets
immediatelyafter a change in interestes. Thusjnsurancerates do not have to kmdjusted
immediately. Finally, itshould benoted that the respondmcomes positive again the sixth
through the tenth yeavhich reflectshe cyclical nature of the effect of an intereste shock on
premiums.

In the presence of othemariables, Table 2 showbat theconditional variance of two
variables on a combined basgike variance of losses and variance of interagts) areable to
explain a substantigdercentage (10%) of the forecast error in Yagance of premiums. This
finding is consistent with théypothesis by Lai an@itt (1990 and 1992)hat uncertainty about
future plays anmportant role in determining insurance premiums. ifpelseresponse function
in Figure2.5 show that ane-time shock in theariance of losses is associated wittetayed
increase in premiums durirthe second through thiéth year, except for the third year. A
cyclicaltrend carmagain be observetlvhy premiumsinitially increase during the second year and
then decrease during the third and then increase during themoeyears isnot entirely clear.

Perhaps the marketsgarching for aequilibrium on acontinuousbasis with someverreaction.
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It may also be moredifficult to obtain regulatory approval afate changes based on risk
arguments alone.

In summary,the results from the decompositionvafiance in Table 2are basically
consistent with the extrapolatiomypothesis andthe rational-expectations/institutional-
intervention hypothesis, the capacity-constraint hypothesis, the interest-rate-fluctuation
hypothesis, and a change-in-expectations hypothesis. The conclusions derived from the results of
impulseresponse functions suggest tladit of the shocks tend to elatively permanent and
cyclical innature. Furthermore, almagt of the premiumresponses to shocks in othariables
display a lagged effect. These results provide support for an undereyitlag hypothesis based
on rational expectations with an institutional lag, as suggested by Cummins and Outreville (1987).

Summary and Conclusions

This research exploretivo major insurance-market issues. First, it investigated the
dynamicinteractions betweepremiums and losses usingctor autoregressive (VARhodels.
Second, it showed how premiums respond to shocks to losses, surplus, interest vaigsndiee
in losses, and the variance in interest rates.

New empirical results based on a decomposition of variance methodology stiggiest
changes in losses, surplus, intemagés, and uncertainty dexplain substantigbercentages of
variations in premiumsOur results arsubstantially consistent with @xtrapolation hypothesis
and a hypothesis of rational expectations with an institutional lag, a capacity-constraint
hypothesis, an interest-rate-fluctuation hypothesis, and a change-in-expectations hypothesis.
Interestingly, currenpremiumswere found taexplain a substantiglercentage of the variation in
future losses in a two-variable systeffihis result is consistent witthe predictions offered by
rational expectations with institutional lags and sdmancial pricing models for insurance
coverages.

New evidence on the responsepodmiums tashocks in varioufinancial variables iglso
provided by this study. Three conclusions can be drawn fremresults based ampulse

response functions. Firsh)l one-time shocks twariablestend to berelatively permanent.

12



Second, the responsememiums teshocks in thevariables examinedereall cyclical innature.
Thesetwo results are important because they reflect laglp to explainthe existence of an
insurance underwriting cycle. Thirdll of the premiumresponses to shocks wariablesother
than premiums themselves displayed a lagged effect.

In summarythe pattern generated bygpulseresponse functions fg@remiums seem to
supportCumminsand Outreville's hypothesis of rational expectations with an institutional lag, a

result which differs somewhat from the observations of Niehaus and Terry (1993).

13



TABLE 1

Percentage of 10-Year Forecast Error Variance Explained by Prior Changes or Innovations
in Each Variable Based on a Two-Variable Systefh

By Innovation or Chanqest?n

Variable

Explained PR LP
PR 83.8% 16.2%
LP 37. % 62.3%

8The sample period is from 1946 to 1989.

bpR is premiums written, and LP is losses paid.
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TABLE 2

Percentage of 10-Year Forecast Error Variance of Premiums Explained by Prior Changes
or Innovations in Each Variable?

By Innovations or Changesl'%n

Variables
Explained PR LP SuU B LP B
PR 57.00 7.6 14.060 11.46 5.6% 4.4%

8The sample period is from 1946 to 1989.
bpR s premiumsvritten; LP is losses paid; SU aggregategolicyholder surplus; TB ithe five

year Treasurenote rate; VLP is theconditional variance of losses paid; awdB is the
conditional variance of five-year Treasure note rate at time t.

15
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