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Aggregate VOte Functions for the
US. Presidency, Senate, and House

Henry W. Chappell, Jr.
University of South Carolina

Motoshi Suzuki
University of North Texas
In this paper, we estimate vote functions for presidential, House, and Senate elections in the United
States using a seemingly unrelated regressions technique adapted to the case of unequal numbers of
observations across equations. Our method facilitates rigorous comparisons of voting behavior across
election types and provides efficiency gains over ordinary least squares.
Our analysis focuses on comparisons across vote functions. We find that: (I) economic variables appear to influence outcomes in all election types, but they are more important in presidential elections
than in House or Senate elections; (2) the hypothesis that voters attach equal relative weights to inflation
and growth across election types cannot be rejected; (3) incumbency power affects both Senate and
House elections but is more important in the House; (4) mid-term effects in House and Senate elections
represent a penalty for the party controlling the presidency.

h e political science literature does not lack for studies linking aggregate voting
outcomes with macroeconomic conditions. In a pioneering study, Kramer (197l)
analyzed the effects of economic conditions on aggregate vote shares in congressional and presidential elections in the United States. He found that per capita income growth led to significant gains for the party of the incumbent president.
Other studies have followed, with most supporting the hypothesis that elections
are influenced by economic events.! Despite the emerging consensus that "economics matters," two recent studies provide a contrasting view for congressional
elections. Erikson (1990) finds that an economic growth variable adds no explanatory power to a properly specified model for U.S. House elections, and Alesina
and Rosenthal (1989) present similar findings for both the House and the Senate.
Our purpose in this paper is to pursue issues posed by the recent contributions
of Erikson and Alesina-Rosenthal while introducing a methodological refinement
for the estimation of vote functions. An important premise of our paper is that
We thank Robert Erikson for providing us with 1988 data for the net candidate evaluation. We also
acknowledge the helpful comments of John Londregan and two anonymous referees.
IFor example, vote functions for presidential or congressional elections in the United States have
been estimated by Stigler (1973), Arcelus and Meltzer (1975), Lepper (1974), Tufte (1975,1978), Fair
(1988), and Erikson (1989).
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vote functions for House, Senate, and presidential elections are likely to be related; i.e., they may indicate similar voter responses to economic conditions or
random shocks. This has two important consequences. First, efficiency in estimation implies that vote functions should be treated as "systems" of equations jointly
explaining vote totals for the various election types. Second, hypothesized behavioral regularities across elections can be modeled as testable cross-equation restrictions. Each of these points could be important in analyzing the questions raised by
Erikson and Alesina-Rosenthal. Detecting the statistical significance of income
growth in a congressional vote function that relies on few observations could easily
hinge on the efficiency of the estimation technique. Moreover, formal comparisons of the impacts of income growth across presidential and congressional vote
functions will require tests of cross-equation restrictions.
The issues we focus on have not been overlooked in earlier works, but they have
not always been handled in the most appropriate fashion. Most studies have estimated vote functions for the House, Senate, or presidency in isolation. As a consequence, comparisons across vote functions have usually been informal. Kramer's
pathbreaking study was an early exception that analyzed both presidential and
congressional elections. Unfortunately Kramer required key parameters to be
equal across equations and failed to test the restrictions he imposed.
Following Kramer, Lepper (1974) estimated a seemingly unrelated regressions
(SUR) model to explain jointly congressional and presidential votes. Her analysis
implied that the cross-equation restrictions imposed by Kramer could be rejected.
However Lepper's study also suffers from what could be a severe limitation. To
apply the standard SUR estimator (as implemented in most statistical software
packages), sample periods for the equations in the model must be identical. Lepper
therefore dropped all mid-term elections from the congressional vote function
sample. Given the small number of election observations available, this represents
a drastic and probably unnecessary loss of information. Calvert and Ferejohn
(1984) similarly excluded mid-term election observations when they applied SUR
methods to study presidential coattails in congressional vote functions.
Of course, on-year and mid-term congressional elections may be intrinsically
different from one another, as Erikson (1990) has argued. This suggests that pooling data from on-year and mid-term elections is inappropriate and, conversely,
that dropping off-year elections as Lepper, and Calvert and Ferejohn did is appropriate. Ultimately, this issue must be resolved empirically. The hypothesis that
parameters of on-year and mid-term congressional elections differ is testable, and
decisions about pooling or not pooling data from on-year and mid-term elections
can then be informed by the outcome of such a test.
In this paper, we estimate vote functions for presidential, House, and Senate
elections using a seemingly unrelated regressions technique adapted to the case of
unequal numbers of observations across equations. This technique provides efficiency gains associated with a systems estimator and also permits us to make use of
all available observations for the House and Senate election series. Statistical tests
of a variety of cross-equation restrictions will permit us to formally compare voting
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behavior across election types. Our method enables us to investigate substantive
questions about political behavior that have received little prior attention, and it
also provides more powerful tests of hypotheses that have been considered before.
THE EMPIRICAL MODEL

The specification of our empirical model is essentially orthodox in its treatment
of vote functions. It consists of these three equations:

=a o + alY, + aJ'1, + a C, + a DPER + e
SV, =13 + I3IYt + l3i, + 13 C, + 134SINC, + I3 sMT, +
P~
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H~ ="10 + "IIY, + "I zPt + "I 3C, + "I4HINC, + "IsMT, + eHt
where:
PVt = The incumbent party's percentage of the two-party vote in the presidential election occurring in year t (if such an election takes place).
S Vt = The percentage of the nationwide two-party vote in Senate elections that
favors the party of the incumbent president in year t.
H~ = The percentage of the nationwide two-party vote in House elections that
favors the party of the incumbent president in year t.
Y =The percentage growth rate of real per capita GNP in year t .
.'
P, =The percentage growth rate of the GNP deflator in year t.
C, =The (net) candidate advantage of the incumbent party's presidential candidate. This measure is based on answers to an open-ended poll question asking respondents to list things they like or dislike about each candidate. C, is
defined as the mean of in-party "likes" and out-party candidate "dislikes"
minus the out-party candidate "likes" and in-party candidate "dislikes" for
National Election Survey (NES) respondents in year t. Issue-based and
group-based likes and dislikes are excluded. This variable is set equal to zero
in mid-term congressional elections.
DPER, = A dummy variable equal to one if an incumbent president is running
for reelection in year t, otherwise equal to zero.2
HINCt =The percentage of House members belonging to the incumbent president's party in year t.
SINC, =The percentage of Senate members whose seats are being contested in
the year t election who belong to the incumbent president's party.
MT, = A dummy variable equal to one if the year t elections are mid-term elections; otherwise equal to zero.
ep" eg,' and eH , are random error terms drawn from a multivariate normal
distribution.
ai' l3 i , and "Ii' are parameters.
'Following Fair, we define Ford as a nonincumbent.
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The specification of the voting model is conventional in including per capita
economic growth and inflation as explanatory variables (although both Erikson
[1989] and Alesina-Rosenthal [1989] exclude inflation). Following Erikson (1989)
and Tufte (1978), the "candidate evaluation," C, is included in the presidential
vote function to capture the effects of candidate-specific attributes that are not related to issue stances. J By also including C in the House and Senate vote functions
we capture the effects of presidential coattails specifically related to the "likability" of presidential candidates. If high values for C aid both the winning president
and his party's nominees in Senate and House races in on-year elections, and if
such effects are absent in the off-year elections, then coattails-related mid-term
losses for the president's party will be observed.
Similar effects can result if the error for the presidential vote equation is positively
correlated with errors for the congressional equations. When the error term favors
the Republican candidate in a presidential election, the Republican is most likely to
win. If cross-equation error correlations are positive, Republicans are also likely to
do well in congressional elections. However, when the next mid-term election arrives, the errors will on average be less favorable for the Republicans (i.e., they revert to the mean), and mid-term losses for Republicans will typically be observed.
Following Alesina-Rosenthal (1989), the House and Senate equations also include MT, a dummy variable indicating mid-term elections. According to the
Alesina-Rosenthal hypothesis, the electorate votes against the party of the incumbent president in mid-term congressional elections to "moderate" the president's
partisan extremism. If economic variables follow a partisan electoral cycle, moderating voting at mid-term can induce a spurious correlation between economic
performance and congressional election outcomes unless the mid-term effect is
controlled for. A negative coefficient for MTindicates a mid-term "penalty for the
party controlling the presidency." Although the coattail effects described earlier
can explain mid-term losses for the party of the current president, they cannot explain why the vote share of incumbent presidents would be smaller in mid-term
than on-year elections. The latter effect, if it exists, can be captured by MT. Both
Erikson (1988) and Alesina-Rosenthal have reported large MTeffects:
DPER, HINC, and SINC control for advantages of incumbency in the three
equations. Following Fair (1988), we use DPER in the presidential vote equation to
indicate an incumbent running for reelection. In the House equation, HINC measures the fraction of incumbent House members belonging to the president's party.
Incumbent advantages should result in a positive coefficient for this variable. s
'As Fair (1988) notes, it is not appropriate to suppose that the candidate evaluation "causes" or "explains" voting decisions-we do not know what ultimately causes candidate likes and dislikes. However, it can serve as a proxy for unobserved candidate attributes for which the model should control,
and it is appropriate to include it in the model for this reason.
'Erikson (1988) provides a detailed analysis of mid-term effects in congressional elections.
'We chose not to measure incumbent strength by the partisan breakdown of incumbents and challengers in the current election. Endogeneity of incumbent choices to run or retire would make simultaneity an issue for such measures.
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SING is a similar measure for the Senate, but it is measured only over those Senate
seats being contested in the current election. Admittedly the incumbency variables
will capture some effects of long-run political trends as well as short-run incumbent advantages. Regardless of the ultimate source of these "incumbency" effects,
it is desirable to control for them so that consistent estimates of remaining parameters can be obtained. 6
Our model assumes that differences between mid-term and on-year congressional elections are adequately captured by the inclusion of a mid-term dummy.
This is a testable restriction. As a preliminary to our analysis, we therefore estimated a more general model which permitted coefficients for the incumbency and
economic variables to vary across mid-term and on-year elections. Based on this
estimation, we were not able to reject the hypothesis that these coefficients were
equal across mid-term and on-year elections in both House and Senate equations.'
We conclude that pooling is empirically justifiable so long as the mid-term
dummy is included in House and Senate vote functions.
Systems of equations with correlated errors are typically treated as seemingly
unrelated regressions,' as in Lepper (1974) and Calvert and Ferejohn (1984). As
we have noted, estimation of the SUR model is complicated here by the presence
of differing sample periods for congressional and presidential elections; in midterm years we do not observe the presidential vote variable. To handle this complication we employ a generalized least squares (CLS) estimator proposed by
Schmidt (1977).9 In a Monte Carlo study of the SUR technique for equations with
'As an alternative incumbency power variable for the Senate equation, we adjusted SINC to account
for differences in state populations. The alternate variable was measured as the total population of
states in which a currently contested Senate seat was held by a member of the party of the president,
divided by the population of all states in which a Senate seat was contested. Using the adjusted variable
slightly worsened the overall fit of the model and lessened the significance of income growth in the
Senate vote function, but estimates were otherwise similar. We have also estimated models in which
the incumbent party's lagged vote share replaces the incumbency variables in House and Senate equations. Again results were similar, but the overall fit of the model was worsened.
'For the House equation estimated by OLS, a joint test of equal coefficients in on-year and midterm elections for the variables Y. P, and HINC produced an F-statistic of 0.63, which is less than
3.49, the critical value for F05 (3,12). The hypothesis is not rejected. For the Senate, the F-statistic was
0.59, and again the hypothesis is not rejected. Tests of equality for individual coefficients were also not
rejected.
'Zellner (1962) provides an early description of estimation methods for the seemingly unrelated regressions model.
'Equations were initially estimated by ordinary least squares (OLS), and OLS residuals were used to
construct a covariance matrix for the equations' error terms. Following Hocking and Smith (1968), we
employ all observations in computing relevant covariances. Then, given the estimated covariance matrix, remaining model parameters were estimated by generalized least squares. In effect these estimates
are "conditional" maximum likelihood estimates (conditional upon the estimated error covariance matrix). They have the same asymptotic distributions as full information maximum-likelihood estimates
and tests based upon the likelihood function are appropriate (Schmidt 1977). An appendix presenting
the likelihood function for the model and a TSP program used in estimation is available from the authors upon request. Similar techniques have been used in the context of voting and popularity functions by Chappell (1990) but have not previously been employed to estimate systems of vote equations.
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unequal numbers of observations, Schmidt showed that coefficient standard errors
can be as much as 25% lower than those obtained via OLS in small samples. Such
gains could be critical in this study, given the paucity of election observations.

Empirical Results
We have estimated our model using data from 21 congressional elections and 11
presidential elections over the 1948-1988 period in the United States.lO Estimates
are reported in table 1; ancillary statistical tests are provided in table 2. Although
our discussion focuses on the results of the SUR model estimation, OLS estimates
are provided for purposes of comparison.
Two sets of t-statistics accompany the SUR estimates in table 1. The first set
consists of asymptotic t-values, estimated by the method of White (1982). The use
of White's method ensures that t-statistics are robust to a variety of possible specification errors. Unfortunately t-statistics based on an asymptotic distribution are
of questionable value when sample sizes are quite small. We therefore present a
set of small-sample t-statistics estimated by means of a parametric bootstrapping
technique suggested by Efron (1982, 30).1l The table reveals that the two sets of tstatistics are quite similar, although there is some tendency for the asymptotic tvalues to be inflated compared to those produced by bootstrapping. Despite that
tendency, the inferences we draw are robust across the two sets of t-statistics.
We will in turn discuss the impacts of economic performance on elections, the
implications of our results about mid-term congressional election effects, and the
impacts of incumbency variables. We will also discuss tests of cross-equation restrictions and the benefits of the SUR estimation procedure. In addition to estimating the model presented above, we have undertaken a variety of sensitivity
tests. All qualitative findings appear to be robust to the changes in specification we
have considered. Details of sensitivity testing are not reported here, but are described at greater length in a working paper available from the authors.

Economic Performance. Consistent with the findings of Erikson (1989), per
capita GNP growth in the year of the election has dramatic impacts on presidential election outcomes. Our results show that a one percentage point increase in
economic growth provides the incumbent party with approximately 1.4 percentage points of additional vote share. This effect is smaller than that reported by
"A complete listing of data used in this analysis is available from the authors upon request.
IlThis method involves these steps: (I) estimate the model by the method described in footnote 9;
(2) construct residuals for each equation and use these to estimate the variance-covariance matrix of the
multivariate normal distribution which generates the error terms; (3) use a random number generator to
draw a sample of errors from that multivariate normal distribution; (4) construct new values for each
dependent variable by adding the appropriate randomly drawn error to the predicted value obtained from
the original estimation; (5) use the newly constructed data to estimate the model by the method described
in footnote 9; (6) repeat steps (3H5) 100 times, producing 100 sets of estimates; (7) compute a standard
deviation for each coefficient using the sample of 100 estimates-this is the estimated standard error.
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TABLE 1
VOTE FUNCTION ESTIMATES FOR THE UNITED STATES: 1948-1988
SUR Model Estimates
Variable
Constant

Y(Growth)

P (Inflation)
C (Candidate Evaluation)

DPER (Incumbency: President)

OLS Estimates

President

Senate

House

President

Senate

House

49.21
(37.78)
[28.26]
1.38
(6.55)
[3.92]
-0.53
(-1.73)
[-1.70]
7.29
(3.82)
[3.72]
1.93
0.02)
[0.97]

39.59
(22.74)
[17.47]
0.31
(2.03)
[2.05]
0.17
(0.80)
[0.67]
1.68
(1.60)
[0.96]

35.92
(21.38)
[22.91]
0.17
(1.60)
[1.40]
-0.40
(-2.47)
[-2.19]
1.33
(1.38)
[1.03]

49.76
(21.74)

40.32
(12.52)

34.04
(13.54)

1.34
(3.26)

0033
(1.54)

0.12
(0.77)

-0.61
(-1.45)

0.17
(0.59)

-0.45
(-2.06)

7.40
(3.01)

1.81
(0.93)

1.39
(1.00)

SINC (Incumbency: Senate)

1.66
(0.70)
16.62
(8.97)
[5.13]

CINC (Incumbency: House)

MT (Mid-term)

-2.65
(-2.22)
[-1.95]

Log-Likelihood

15.02
(2.57)
30030
(11.92)
[10.66]
-2.83
(-3.27)
[-2.91]

34.98
(6.58)
-2.61
(-1.84)

-3.10
(-2.85)

0.49

0.73

-64.81

R'

0.82

Note: Asymptotic I-statistics are in parentheses; bootstrapped I-statistics are in brackets.
Estimated Cross-Equation Error Covariances and Correlations
Estimated Error Covariances
Estimated Error Correlations
President Senate
House President Senate
House
President
Senate
House

4.17
-0.83
0.05

6.48
4.03

3.54

1.00
-0.16
0.01

1.00
0.84

1.00

Erikson, but it is larger than most previously reported estimates, and it is highly
significant statistically. Inflation has an expected negative sign and is of marginal
significance in the presidential equation.
Economic growth has smaller effects in the House and Senate equations. Given
the national orientation of presidential elections (compared to House and Senate
races), this should not be surprising. Nevertheless, the coefficients on economic
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TABLE

2

TESTS OF CRoss-EQUATION RESTRICTIONS

Null Hypothesis
I. u 1 =

13] = 'I]

2. u 2 = 13 2 = '1 2
3. u J = 133 = 'I J
4. u/u2 = 13/132
= '1/'1 2
5. u] = 13]
6. u 1 = 'I]
7.

13] = 'I]

8. u 2 = 13 2
9. u 2 = '1 2

I3 J = 'IJ

10.
11.

13 5 ='15

12.

13 4 ='14

13.

I3 J = 'IJ

14.

13] = 'I] = 132
= '1 2 = 0

15.

13] = 'I]
= '1 2 = 0

Description
Equality of all Y coefficients
Equality of all P coefficients
Equality of all G coefficients
Equality of all rations of Yand P
coefficients
Equality of Y coefficients, Presidential
and Senate equations
Equality of Y coefficients, Presidential
and House equations
Equality of Y coefficients, House and
Senate equations
Equality of Pcoefficients, Presidential
and Senate equations
Equality of P coefficients, Presidential
and House equations
Equality of P coefficients, House and Senate
Equality of MT coefficients, House and
Senate equations
Equality of HING and SING coefficients,
House and Senate equations
Equality of G coefficients, House and
Senate equations
Pand Y coefficients equal zero in both
House and Senate equations
Pand Y coefficients equal zero in the
House equation and the Y coefficient
equals zero in the Senate equation

Test
Critical
Statistic: Value:
A
X' .90

'"

Test Result

39.63
20.99
9.17
2.47

4.61
4.61
4.61
4.61

Reject
Reject
Reject
Fail to Reject

16.61

2.71

Reject

28.92

2.71

Reject

2.55

2.71

Fail to Reject

3.51

2.71

Reject

0.17

2.71

Fail to Reject

0.28
0.11

2.71
2.71

Fail to Reject
Fail to Reject

25.78

2.71

Reject

0.28

2.71

Fail to Reject

37.52

7.78

Reject

10.42

6.25

Reject

Note: Wald tests of the indicated restrictions at the 0.10 significance level.

growth are properly signed and approach marginal significance levels under the
SUR estimation, even when we control for the effects of incumbency, coattails,
and the mid-term dummy. Inflation is negatively signed and significant in the
House equation, but not in the Senate equation. The strongest evidence that economic conditions matter for congressional elections is provided by a test of the hypothesis that all economic variable coefficients in the House and Senate equations
jointly equal zero. That hypothesis is convincingly rejected (table 2, test 14). A
similar test (table 2, test 15) which excludes the anomalously signed inflation coefficient in the Senate equation supports an identical conclusion. We therefore find
notably stronger evidence of conventional economic voting in congressional elections than Alesina-Rosenthal (1989) or Erikson (1990) did.
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Mid-term Effects and Incumbency Power. As Erikson (1989) did, we find that
candidate evaluations have important impacts on presidential election outcomes.
The presidential evaluations are also positively signed in the House and Senate
equations, but the coefficients are small and fall short of significance at conventionallevels. As a result, we conclude that coattails associated with the likability of
the presidential candidate do not provide a good explanation for mid-term effects.
Table 1 shows that correlations between the presidential vote function error and
errors for the House and Senate equations are small, so the "reversion to the
mean" hypothesis also fails to explain mid-term effects. These results for the Congress are in accord with those of Erikson (1988).
The mid-term dummy is highly significant in both House and Senate equations
and it accounts for almost a three percentage point drop in the share of the incumbent president's party in each equation. These results are consistent with both the
Alesina-Rosenthal (1989) argument for "moderating elections" and the Erikson
(1988) finding that mid-term effects reflect a penalty for the party in power.
Incumbency effects measured by DPER are not significant in the presidential
vote function, but HINC and SINC have large significant effects in the House
and Senate equations. Estimated incumbency effects are larger in the House than
in the Senate. This result is consistent with cross-sectional evidence showing
greatest advantages to incumbency in House races.
SUR Estimation and Tests of Cross-Equation Restrictions. Table 1 reports a large
positive correlation between the House and Senate equation errors; this suggests
that notable efficiency gains from the use of the SUR technique are likely. Relatedly, we find that coefficient standard errors for the SUR estimates are, with few
exceptions, smaller than those for their OLS counterparts. This is true of both
asymptotic and bootstrapped standard errors. As a result, significance levels are
higher under SUR even though the estimates themselves are similar across the
OLS and SUR estimations.
Table 2 provides results of tests of hypotheses involving cross-equation comparisons. 12 We noted earlier that effects of economic growth and presidential
candidate evaluations are largest in the presidential voting equation; the Wald test
reported in table 2 reveals that the relevant coefficients in the presidential vote
equation are significantly larger than those in the congressional equations. We also
noted that Senate and House equations are similar with regard to the effects of
economic growth, candidate evaluations, and mid-term effects-table 2 shows
that we cannot reject restrictions implying equal coefficients for these variables
across House and Senate equations. Despite apparent differences in inflation coefficients, we are also unable to reject the hypothesis of equal relative importance of
I'Given the similarity of the asymptotic and bootstrapped variance-covariance matrices, we have
chosen to report only the asymptotic test statistics, which are most easily computed using the TSP statistical package.
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growth and inflation effects across equations. 13 Thus, while overall economic performance matters most in presidential elections, the standard by which performance is judged is consistent across the three election types. Finally, we noted
earlier that both House and Senate equations have significant incumbency effects;
table 2 reveals that these effects are significantly larger in the House equation.
CONCLUSIONS

We have jointly estimated vote functions for the presidency, the House, and the
Senate using a seemingly unrelated regressions technique that permits unequal
numbers of observations across equations. Our method offers efficiency gains relative to ordinary least squares and it also facilitates tests involving cross-equation
comparisons.
Our results confirm previous studies in showing that economic growth has large
effects on vote shares in presidential elections. Economic conditions are less important for House and Senate election outcomes, but with the SUR estimator we
detect significant impacts even when mid-term effects, coattails, and incumbency
power are controlled for. Our results cannot reject the view that the relative importance of income growth and inflation is unchanged across election types. We
find that Senate and House vote functions are generally quite similar, but that incumbency power is more important in House elections. As in Erikson (1988) and
Alesina-Rosenthal (1989), mid-term effects in House and Senate elections appear
to reflect a "presidential penalty."
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