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Abstract

Investigations of the 'guns vs. butter' trade-off models of military spending have
yielded surprisingly inauspicious results in spite of the intuitively appealing nature of the
hypothesis. The realization that the more we spend on defense, the less we have
available to spend on social welfare, etc. has become well entrenched in journalistic
accounts, even in the absence of empirical verification. This paper examines the
standard specification of the tradeoff model and demonstrates that the lack of empirical
success for this hypothesis has been largely a problem of model specification. The first
part of the paper offers both mathematical proof and empirical confirmation of the nature
of this misspecification. The balance of the argument then outlines how proper
specification clarifies the appropriate means of describing tradeoffs. In particular, the
mathematical model developed demonstrates that the classic tradeoff model, as
generally specified, is by definition a stochastic/variable parameter relationship. This
analysis produces significant insight into the nature of patterns in budgetary tradeoffs,
and solidly grounds the question of such spending tradeoffs in the overall patterns of
shifting budgetary priorities. The existence of budgetary tradeoffs with defense is
categorically identified and empirically confirmed across many sectors of the budget.
The argument as described puts to rest the question of whether we can identify
tradeoffs, and lets us turn to the fundamentally more interesting questions about the
determinants of the tradeoffs we do observe. And, as it turns out, a dollar more for
defense does indeed mean quite directly a dollar less for social or other programs,
unless you go and borrow that dollar.



Searching for Tradeoffs With All the Wrong Bases: Properly Specified Spending
Models Can Demonstrate the Existence of Guns vs. Butter Trades

The Bush Administration tax cut request of 2003 submitted to Congress on the
heels of the war with Iraq raises interest of one of the enduring puzzles of the
domestic-foreign policy nexus — the idea that spending decisions contain implicit
tradeoffs. Congress, faced with a 750 billion dollar tax cut proposal, was required to
come to grips with balancing the size of the cut against domestic priorities along with
the desire to hold down the deficit. It is not a new problem, for the notion of budgetary
tradeoffs is merely crystallized by this recent instance of the problem.

The Guns vs. Butter debate has been one of the lasting puzzles of political
science and has typically been characterized as the elusive search for the existence of
tradeoffs between defense and social programs. Certainly the Bush administration’s
strategy in 2003 seemed to compel the reduction of domestic spending in order to hold
down the deficit, since military action in Iraq made cuts in defense unpalatable to
almost all parties to the process at the time. The growth in the deficit in the last
several years emphasizes that spending tradeoffs may, of course be mitigated by
increasing the deficit. The 'Guns vs. Butter' debate has received substantial coverage
in the popular press over the years as well as the academic literature and is firmly
entrenched as an important aspect of political decision making. It is common parlance
in the media and government, as well as an area of intense scrutiny in the professional
literature (Genicot and Skaperdas 2002; Ippolito 2005; Zuckerman 2005). There does
seem to be a certain face validity to the notion that if the President requests or the
Congress authorizes more for defense then it will have less to spend on social
programs, etc.

Yet the existence of tradeoffs seems to be poorly or at best only partially



supported in the empirical literature. For instance Peroff and Podolak-Warren (1979)
and Russett (1982) find that defense appropriations and spending on health and
education are unrelated. In a similar manner, Domke, Eichenberg and Kelleher find
that "defense and welfare expenditures appear ... to be driven by separate sets of
determinants which do not require one to be systematically sacrificed to the other"
(1983, 33). Mintz (1989) confirms Russett's findings for the pre-Reagan era, but does
find limited tradeoffs when one disaggregates the data and looks at more specific
programs. The literature is replete with failed or only partially successful attempts to
establish this thesis." Mintz and Huang summarize this voluminous literature succinctly
with “the existent literature strongly points to the absence of tradeoff relationships
between spending on defense and spending on other programs.” (1991, 738). Indeed,
the quest for empirical validation has diminished in prevalence in recent years due to
this consistent failure to find confirmation. The current state of research on the
question has moved from testing for significant tradeoffs to simply assuming that they
exist, acknowledging their elusive nature, and assuming that we must know more about
the process in order to quantify them (Clarke 2001).

One is compelled to ask why the conventional wisdom so frequently fails to be
empirically validated. The compelling notion of tradeoffs has led researchers to seek
more complex models of the phenomena and more diverse types of tradeoffs. How
does one measure tradeoffs? Which expenditure categories might be traded for
military budget enhancement? Do we need to know how tradeoffs are determined in

order to observe them? As yet the only consensus that has emerged is that tradeoffs

The literature on guns vs. butter is substantial, and will not be reviewed here. It is interesting to note the
tradeoff literature sits on a cusp within the discipline since it ties into both foreign policy/defense
spending studies as well as the domestic budgetary literature. The reader is referred to Russett (1970,
1982), Caputo (1975), Domke, Eichenberg and Kelleher (1983), Mintz (1989, 1991) and Chan (1995) for
brief synopses of the classic 'guns vs. butter' formulation from the defense spending perspective.
Similarly Kamlet and Mowery (1987), Berry and Lowery (1990), Wildavsky (1988), and Jones,
Baumgartner and True (1998) are representative of the budgetary politics tradition.



seem to be empirically absent or insignificant in our examinations of the federal budget.

A number of basic strategies have been employed to explicate this puzzle. In
particular, three major thrusts to improving the efficacy of the models used have
emerged: (1) improved or alternative measurement of the data (Gist 1982); (2)
refinement or expansion of the theoretical specification of the model's components
together with an altered mathematical/statistical representation (Domke, Eichenberg
and Kelleher 1983; Mintz and Huang 1991); and (3) a search for tradeoffs with different
or disaggregated sectors of the budget (Russett 1982; Mintz 1989; Mok and Duval
1992) and even controllable and uncontrollable expenditures (Kamlet and Mowery
1987). Often the distinction between these approaches is somewhat blurred.

Yet throughout the empirical literature, there has emerged a fairly consistent
basic model used to search for tradeoffs which is simply a statistically articulated
version of the conventional wisdom. The standard regression model used to search for

the existence of tradeoffs is generally specified as:

Def, — Def, , _B 4B Tot, —Tot, , B Soc, — Soc, (1)
Deft_l ° ' T t-1 ’ SOCt—l

where Def represents Defense Outlays, Tot represents Total Budget Outlays, and Soc is

spending for Social Programs of one form or another.

This model expresses the idea that a percentage increase (decrease) in social
welfare spending is accompanied by a proportional decrease (increase) in defense
spending. Tradeoffs are said to exist if B, is statistically significant and has a negative
sign. Strictly speaking, we do not measure tradeoffs, but rather empirically ascertain
whether the tradeoffs are 'systematic' (i.e. statistically significant as opposed to
random). And in the literature, support for this relationship has indeed been limited

(Russett 1982; Domke, Eichenberg, and Kelleher 1983; Mok and Duval 1992). Chan



(1995), in a broader attempt to speculate on the prospects for a ‘Peace Dividend’ in the
Post Cold-War era also remarks on the paucity of empirical support for budgetary
tradeoffs suggesting that declining defense expenditures in the 90s would likely not
benefit other sectors of the budget given the lack of empirical evidence of such
tradeoffs.

This specification has been cogently called into question by Berry (1986) and
Berry and Lowery (1990). As Berry and Lowery concur, most tradeoff models are
variants of Equation 1 with other exogenous variables frequently added in the attempt
to improve specification. This model archetype occurs frequently enough that Berry
and Lowery (1990) classify these equations as ROCOA (Regression of One Category
On Another) models. Berry and Lowery posit the following central premise: ROCOA
models of budgetary tradeoffs will never capture the tradeoff because they fail to
consider the nature of the tradeoff process. They then proceed to give a taxonomy of
tradeoffs such as fixed pool tradeoffs, with both sequential and simultaneous choice,
and floating pool tradeoffs. An alternative tradeoff indicator based upon a proportion of
the incremental change in the sectors is then offered and tested. Their discussion
provides significant insight into the nature of budgetary decision processes, and they
make their major contribution in saying that it is the nature of the process that holds the
greatest importance for us.

Yet they also state that the classic approach can never adequately describe
tradeoffs because the classic models do not account for the process. This article, as it
will be shown, fully agrees that ROCOA models such as the classic model and its many

variants will not demonstrate the existence of tradeoffs. But the claim that we need to



know the process used to generate the tradeoff in order to demonstrate that such has
occurred is not so robust. Thinking about it from a personal standpoint, if someone
takes money from your next raise and gives it to one of your colleagues, you will know
that some budget officer has made a salary tradeoff at your expense long before you
know how or why. The existence of tradeoffs is just an accounting question, albeit an
extremely important one. Understanding the determinants of tradeoffs and the process
by which they are arrived at it is indeed a tremendously more important political
question. This article merely seeks to resolve decades of failed description in order to
set the groundwork for the study of such determinants. The study of tradeoffs has
languished quite simply because we have not established an agreed upon accountancy
of the phenomenon

While Berry and Lowery offer some relevant criticism of the analysis of tradeoffs
by focusing on the process, this inquiry approaches the question from a substantially
different direction. The ability to observe tradeoffs should be independent of any
decision rule used to generate them. In short, a dollar more spent on defense should
mean a dollar less spent on social programs (or something else!) regardless of whether
the decision rule was a splitting of the remainder of the resource pool or simply flipping
a coin®. The existence of patterns in the expenditures should exist independent of the
manner in which they were decided. In other words, the 'black box' of tradeoff decision

making will not obscure the fact that tradeoffs occur. It is after all, arithmetic that we

*Two ceteris paribus conditions come to mind at this point. First the total budget pie may grow, and so
the gain of one category may not entail a direct loss on the part of another, but simply a relative loss.
Secondly, a dollar more spent on defense does not mean a dollar less for something else if you simply
borrow that dollar so that you can spend more on both. This is simply adding the deficit in as an
additional category in the equation and will be incorporated in the discussion to follow. For the moment,
the reader is asked to temporarily suspend any concerns that the deficit removes the need for tradeoffs.



are talking about. A tradeoff which is essentially unobservable is at best unimportant
and is quite possibly a contradiction in terms. The formal argument and brief empirical
evidence to follow will go a long way to grounding this assumption as not only

reasonable, but axiomatic.
Tradeoffs: the Identity

As noted, the standard approach has been to hypothesize that the tradeoff
between defense and social welfare comes as the result of the finding of statistical
significance of By in Equation 1. Itis, however, quite instructive to see if we can
deduce what the tradeoff relationship is based upon some simple and non-
controversial assumptions.

In order to develop a model which will describe the changes in relative budget
priority such changes need to be measured across two consecutive budgets. This is
the 'short term' tradeoff as discussed by Domke, et al (1983). Therefore two
consecutive budgets in year; and year: are defined as:

Tot, = Def, + Soc, + Oth, (2)
Tot, , = Def,_, +Soc, , +Oth,_; (3)

That is, the total budget in any given year is the sum of the outlays of the budget

sectors®; in this simplified case, defense, social welfare and all other categories®.

® We could replace Total Outlays with Total Revenues + the Deficit (Borrowing) and proceed with the
analysis. In order to simplify matters at this stage, the discussion of the deficit will be postponed. The
analysis to follow will articulate tradeoffs that include the deficit as well.

4 Conventionally, spending has been measured by budget outlays. Recent work on budget policy
suggests that budget spending authority gets to the concept of budgetary decision making better than
outlays (Jones, Baumgartner and True 1998) . This discussion will continue to use outlays or spending
in its discussion, but the analysis can be replicated with budget authority data with little change.



Since the literature is predominantly concerned with determining whether defense
spending has constrained spending in other sectors, defense spending will be the focus of this
model. Rearranging terms, defense spending is then defined as a function of total spending
minus the other categories.”

Def, =Tot, — Soc, —Oth, 4)

Def, , =Tot, , —Soc, , —Oth, , (5)

The very notion of a tradeoff expresses an interest in change. A sector's
percentage of the total federal budget indicates (at least to some degree) the relative
priority of that sector for that given year. Yet the idea of a tradeoff suggests that one
sector is gaining or loosing at the expense of some other. Since the federal budget
grows annually based on growth in the economy and inflation we are then faced with

task of determining whether a particular budget category gained or lost relative to (or at

the expense of) some other sector. Change from one year to the next is thus

fundamental to our loose notion of a tradeoff. Therefore calculating the change in
defense spending from year.¢ to year; requires subtracting Equation 5 from Equation
45-
Def, — Def, , = (Tot, — Soc, —Oth,) — (Tot, , — Soc, , —Oth, ;) (6)
Rearranging terms we get:
Def, — Def, , = (Tot, —Tot, ,) - (Soc, — Soc, ,) — (Oth, —Oth, ;) (7)
The standard tradeoff model of Equation 1 is expressed in terms of percentage

change. This has a certain logic in that it would seem that if two sector's 'piece of the

*This formulation would seem to result from either of Berry and Lowery's sequential or simultaneous
choice models.

®This step could readily lead to the ever-so popular incremental models of budgeting. This discussion
will not wander down the incremental path, since it is of little direct importance in this paper. See Berry
(1990) or Jones, True and Baumgartner (1997) for a thorough discussion of the problems with
arguments formulated around the notion of incrementalism.



pie' grew equally, indicating no tradeoff, then their percentage changes would be equal.
Indeed, it is this notion of parity in percentage growth that both captures the idea of the
tradeoff, and dooms the estimation of regression models based on it.

It is here that logic and mathematical structure will briefly part ways with the
traditional analysis of tradeoffs. If one wishes to see whether all of the sectors grow
equally, then it might be more appropriate to subtract Equation 3 from Equation 2 and
divide through by Tot:.1. This would produce a series of change scores relative to the
total pie. This approach has been foregone in the literature due to the desire to
ascertain whether a statistically significant relationship exists between two specific
sectors (e.g. defense and health or defense and social welfare).

Regression analysis compels that one of the budget sectors be the dependent
variable in a classic regression design. Therefore, the percentage change in defense
spending in this particular instance of the tradeoff remains an appropriate dependent
variable. In order to obtain the proportional (or percentage) change in defense

spending, both sides are divided by defense spending at time.+".

Def, — Def, _ (Tot, —Tot,,) (Soc, —Soc.,) (Oth —-Oth,)
Def, , Def, , Def, , Def, ,

(8)

This result produces some interesting observations which begin distinguish this
line of research from prior work. First of all, note that the percentage change in

defense is not, in this formulation, directly related to the percentage change in social

welfare. Indeed, the derived formulation based upon the budget model shows us that
the percentage change in defense spending is a function of changes in the total

budget, social welfare and other spending all relative to defense spending. The base

category used to calculate the percentage change scores must be standardized across

" The step of multiplying both sides by 100 to convert proportions to percentages has been omitted for
simplicity.



all budget categories. This makes intuitive sense as well. A 3 billion dollar increase in
defense is a change of about 1% for defense spending. That same $3 billion taken
from or added to say, education, represents a substantially greater 6% change.

Concern for the base in budgetary politics is not new. Incrementalist theories
thrive in this concern for the annual change in spending in budgets. The use of
different bases to justify budget requests has been well described elsewhere (Kamlet
and Mowery 1980). Our concern here is related but not identical. Kamlet and Mowery
articulated concern for differing bases as a mechanism to justify budget requests. In so
doing, previous history, previous history adjusted for inflation, and mandated outlays all
can influence the ‘base’ used for budget requests. Since we are examining budgets
only in retrospect, we simply need to select a base that represents actual change, and
the history of expenditures is what we seek to explain. It is interesting to note that the
budgetary base of the tradeoff component does produce the confusion inherent in the
search for tradeoffs.

Some additional points about Equation 8 warrant consideration. First, it
explicitly incorporates all other spending without the need to expound on these sectors
in detail. The literature (including this investigator) has never considered the other
sectors of the budget as a necessary part of this model specification. This identifies
one major component of our collective misspecification of the tradeoff relationship.
Given the problems which result from the exclusion of a relevant variable, we should
anticipate that previous estimates of the tradeoff relationship which fail to include
spending on other sectors are both biased and inconsistent (Maddala 1992).

One further element about Equation 8 and its interpretation is important to note.
As developed, this equation is not a 'model' for estimation. Equations 2 and 3 possess
no error terms. They are definitions. As a result, the deductions based on these two
definitions result in a postulate which, like the original, is articulated without error.

Equation 8 is in fact an identity. Were there little literature on the subject of tradeoffs,




there would be little need at this point to turn to empirical examination. However, given
the volume of quantitative analysis on the topic, and its dismal record of success, it is
useful to demonstrate that both the formal mathematical world and the empirical world
do indeed coincide.

In order to demonstrate that the identity produced thus far has empirical
veridicality, Equation 8 is estimated with regression analysis. The model estimated and

presented at the top of Table 1 is:

Def, — Def, ,
Def, ,

(Tot, —Tot,,) B (Soc, —Soc,,) B (Oth, —Oth, )
Def,, > Def_, ° Def,,

=B, +B (9)

where, if the initial premises hold, By will equal 0.0, B4 will equal 1.0, B2 and B3 will both
equal -1.0 and the fit will be without error®. In order to ascertain the empirical validity of
this re-specification, the tradeoff model in Equation 9 is estimated using budget outlays
from the Historical Tables of the US Budget 1954 to 2004 (OMB 2005).° There is some
debate over the use of outlays versus budget authority; however, outlays have been
almost universally selected for tradeoff and military spending studies. (Hartley and
Russett 1992; Mintz and Huang 1991) The choice between the two would depend
upon whether one wishes to examine tradeoffs in actual spending or in budgetary
decision making

Empirical estimation does indeed establish that Equation 9 is an identity. The
coefficients estimated are as predicted with an r* of 1.0 indicating a perfect fit. Further
Equation 9 confirms that the classic model of Equation 1 is misspecified. The right
hand sides of both equations do not match, yet they are comprised of nearly the same

components. If you start with Equations 2 and 3 then, it would seem at first blush that,

® Note that regression models are by convention expressed with positive parameters and hence produce
negative estimates in this case.

°Confirmation of the identity will occur with data from any period in the budget. This means that this
analysis has the added feature of working even during the troublesome periods of WWII and the Korean
war. Likewise, the identity holds whether one uses real or nominal dollars.

10



"you can't get there [Equation 1] from here."

Table 1 also presents three other tradeoff 'tests' as well as the identity. Health
care has been used by way of explication since it so frequently used in the search for
tradeoffs and it invariably fails to reveal significant tradeoffs. First, the tradeoff model
of Equation 9 without the Other Spending category demonstrates that the bias inherent
in its omission is significant. The tradeoff identity model fails to produce statistically
significant evidence for a tradeoff against health care expenditures once we drop the
remaining portion of the budget from the specification. Table 1 also demonstrates this
by reporting the classic model. Tradeoffs are in little evidence in the traditional
formulation, and even if we add the percentage change in Other Spending in an
attempt to reduce misspecification, we still see no evidence of tradeoffs for health
expenditures. Note that aside from the identity, all the models exhibit significant
autocorrelation in the residuals. Since we will not be testing for tradeoffs with these
erroneous models, no correction for the autocorrelation is necessary. It is reported to
simply emphasize the misspecification of the alternative and classic models.

This does not mean that the classic model in Equation 1 has no interpretable
meaning. Indeed, further efforts to derive Equation 1 from Equations 2 and 3 will
provide a powerful tool in unraveling “the rest of the story”. If Equation 1 expresses
tradeoffs in a manner that captures the relative nature of the exchange, then bridging
from the identity to the classic model may move us further in the direction desired.
Borrowing a page from classic algebraic methods of proof, hypothetical values of By,
B», and B3 can be assigned as follows:

Tot, ,

B, =—— 10
' Def, (10)

_Soc,
Def, ,

2
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Oth,
= (12)
Def, ,
These can be substituted into the classic model along with the addition of the
percentage change score for Other Spending to reveal the relationship between the

classic model in Equation 1 and the identity in Equation 8.™

Def, —Def,_, B . Tot,, (Tot, —Tot,_,) Soc,, (Soc, —Soc.,) Oth_ (Oth —Oth,)
Def, , ° Def,, Tot, Def,,  Soc,, Def,,  Oth,,

(13)
Canceling terms, we can see that Equation 13, which is based upon the classic model,
is isomorphic to the tradeoff identity in Equation 8. The models differ in essentially only
two features. (1) the remaining spending categories which are routinely omitted as
'irrelevant’ have been included, and (2) The coefficients B;, B, and Bs which we have
so vainly searched for with our ROCOA models are by definition variable ratios and not
constants to be estimated. It is therefore not surprising that regular regression
methods have produced poor results. Failing to account for the tradeoff identity has
hopelessly misspecified the models used.

The difference in the two formulas can be stated somewhat succinctly. The
identity firmly establishes that controlling for the growth in the budgetary pie and
changes in spending in all the other sectors of the budget, then one dollar more spent
on health care (education, social programs, etc.) means exactly one dollar less to
spend on defense. On the other hand, we cannot, as yet, make statements that a
certain percentage increase in defense will routinely entail a proportional change in a
particular social program or any other areas. We cannot yet say that the dollars pulled
from or added to defense came from any particular sector. The tradeoff identity has, at

this point, established merely that for certain limited purposes the budget may be seen

YEquations 10-12 were obtained by solving for the factor that will convert percentage changes to the
same base ratios of Equation 8. For instance, solve for Z in:

7 (Soct - SocH) _ (Soct - SocH)
Soc, , Def, ,
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as a system and that regression of the classic tradeoff model is doomed to failure. The
ostensible hallmark of a budget tradeoff, the statistically significant and negative sign of
the regression coefficient for the sector suspected of exhibiting the tradeoff, is in fact
not a parameter to be estimated, but is a priori the ratio of the two categories.

The most fruitful path of inquiry is to reexamine the classic model in light of what
the identity tells us about tradeoffs. Equation 13 presented the classic model with
coefficients (Equations 10-12) which establish the relationship between the classic
model and the identity. This tradeoff equation provides an exceptionally interesting
vantage point from which to examine sector specific trades.

The classic model fails to provide us a proper fit for three reasons. First, and
most obviously, the base year is inappropriate in the classic model. Secondly, the
omission of Other Spending biases the results. But most importantly, in attempting to
estimate By, B4, and B,, regression attempts to find the constant value that minimizes
the error variance. Yet as Equation 13 clearly points out, the coefficients we have
attempted to estimate by OLS (or GLS for that matter) are in reality variable ratios.
They are minimally, at least at this point, stochastic variables.

Equation 13 estimated as it is with either multiplicative terms or a non-linear
algorithm would produce the same identity and perfect fit. But in so doing, it gives us
no further information about the relative tradeoffs that we seek. On the other hand,

since the parameters to be examined in Equation 14

Def, — Def, , _B, +B, (Tot, —Tot,,) B, (Soc, —Soc,,) B, (Oth, —Oth, ;)
Def, , Tot, , Soc, , Oth, ,

(14)

express the tradeoff in the classic sense and are actually the ratios in Equations 10-12,
they would appear to require estimation as a state-space model with stochastic or time-
varying coefficients (Beck 1983; Newbold and Bos 1985). If the ratio of Total to

Defense spending were constant throughout the period of study, then OLS might have

13



revealed the pattern.”’ If, on the other hand, the tradeoffs between defense and social
welfare are at least systematic, then the ratio B, will exhibit systematic variation across
time, and perhaps correlate with exogenous factors. If the tradeoffs are random, then
the ratio will be stochastic about some mean. In short, it appears that one could apply
both stochastic and time-varying parameter estimation methods to Equation 14, and
determine whether the tradeoffs between any two specific sectors are systematic (time-
varying) or random (stochastic). This model interpreted as a stochastic parameter
regression equation would appear to have articulated the appropriate design for
examination of the question."?

Yet the very fact that Equation 14 is an identity, rather than a model to be
estimated simplifies this analysis quite nicely. Proceeding with a stochastic regression
analysis of Equation 14 to determine the nature of the estimated B's is unnecessary
because the ratio's in Equations 10-12 may be used directly. Because we are working
with identities, we do not need to estimate the B's. We know them a priori. They are
exactly the variable ratios of equations 10-12. In fact, to examine a tradeoff for a
specific program such as for health or social programs, the single series represented
by Equation 11 is alone sufficient to answer the question. The temporal behavior of
this ratio expresses the tradeoff for the period examined. As it turns out tradeoffs, even
if articulated in terms of percentage changes in the sector’s share of the budget, are a
simple accounting function. We can express the systematic variation in the tradeoff
between two sectors of the budget simply by looking at their ratio.

A last caveat must be made. This analysis resolves only questions concerning

If the ratios for all sectors of the budget were constant then OLS would have revealed the identity as
well, with all coefficients being the relevant weights assigned to each sector relative to the left-hand side
base.

In fact, Newbold and Bos (1985) lay out the nested alternatives for testing fixed coefficient vs random

coefficient vs 1st order autoregressive coefficients in a fashion that seem quite applicable to testing a
regression model such as Equation 14.
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the observation of systematic patterns of tradeoffs. No attempt has been made to
determine either the process or determinants of the tradeoffs we expect to observe. As
noted this approach takes issue only with Berry and Lowery’s claim that knowing the
process is a necessary condition to knowing whether tradeoffs have occurred.
Definitive explanation of how to ascertain tradeoffs is quite possible without ever
addressing how they happened. We have shown analytically that ROCOA models do
not work because the model to be used is actually an identity, requiring no estimation.
Berry and Lowery can take comfort in one important fact, however. Their choice of
indicator for tradeoffs turns out to be a move in the right direction. The ratio of the raw
category totals expresses the tradeoff, not the ratio of the increments. And this ratio is
appropriate regardless of the mechanism used to make the trades. Having provided a
definitive explanation of why earlier tradeoff investigations have failed, it is time to see

what these tradeoffs have actually been in recent years.

Sector Specific Tradeoffs

Since ultimately the question of who gets what and who loses what is of
fundamental importance, the establishment of the tradeoff identity leads us to a direct
examination of Equation 11, the coefficient for the specific category in which we are
interested. As a result of the tradeoff identity, we can now describe the tradeoff ratio as
being either systematic or random. In other words, if Defense is systematically traded
off against income security, then the ratio of these two sectors should exhibit
systematic behavior. In ascertaining the systematic nature of this ratio, our choices are
essentially four. Budget sectors which exhibit no tradeoff of any sort will result in a
ratio which is constant. The two sectors always comprise the same proportion of the
total budget. They grow at identical rates in a growing budget. This is patently an
unlikely occurrence.

Secondly, tradeoffs may be stochastic. The tradeoff ratio will fluctuate about

15



some mean in a completely random manner. A stochastic tradeoff means that a dollar
more for defense does mean a dollar less for some sector, but that there is no pattern
of tradeoffs with the specific sector included in the ratio being examined. Next year
social welfare may just get that dollar back at the Pentagon’s expense in a stochastic
budgetary universe. The two sectors will basically comprise the same approximate
share of the overall budget with only random fluctuations over time.

There may, however, be systematic variation in the ratio, indicating a systematic
tradeoff. Systematic tradeoffs will exhibit the properties of either trend or drift, as well
as possibly other temporal regularity identified by autocorrelation. Autocorrelation in
such processes is often interpreted as memory. Trends indicate that an obvious long-
term trade-off where one category has gained at the other’s expense has occurred.
Drift, on the other hand indicates that while extended periods where one category
benefited relative to the other have occurred, the system does eventually return to
some equilibrium level. This concern for systematic variation leads to the remainder of
the analysis - the time series analysis of the budget category ratios.

Given the nature of the question, the most straightforward analysis is to examine
the tradeoff ratios with Box-Jenkins time series techniques. The choice of Box-Jenkins
is a function of the desire to discriminate the nature of the systematic variation, be it a
constant tradeoff, a stochastic trade, or a systematic tradeoff such as trend, drift or
some residual memory manifested by autoregressive or moving average processes.

While unit root tests are in vogue, they are not strictly desirable here. First, we
are not testing models with exogenous variables, so at this stage we do not need to be
as concerned as we would if we were building cointegration models for assessing
causation. While it is possible that Box-Jenkins techniques might fail to discriminate
between a high-order systematic tradeoff and a tradeoff with only drift, it remains very
powerful in discriminating stochastic versus systematic tradeoffs. Its major virtue here

is that it lets us test for differing degrees of systematic behavior in tradeoffs patterns
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within a single methodology with a high degree of reliability. The complete lack of a
tradeoff would result in a constant with no error variation. This would mean that the
budget ratios were fixed to specific proportions across the entire time frame. At the
other extreme, a temporal trend will indicate strong shifts in budgetary trades. In
addition to trends, ratios which exhibit a large degree of drift also show systematic
tradeoffs since the ratios drift from lower to higher levels due to factors we are unable
to account for at this level of investigation.” In addition to these larger processes,
significant Box-Jenkins noise models indicate that short term shifts in have some
residual impact upon the following years’ budgets. Congress remembers how it
decided last year and this residual process continues to influence the tradeoff.

Table 2 provides the sector-by-sector analysis of tradeoffs with defense. In
keeping with traditional interest in the topic, only tradeoffs between defense and the
other sectors are provided here, but one could easily examine all sector-to-sector
comparisons. Of the tradeoffs examined, two sectors of the budget exhibit the
strongest form of tradeoff, the secular trend. Spending on Health Care and Justice
exhibits continuous gains relative to defense for the entire period. An additional eleven
out of the 17 sectors examined exhibit drift, also a strong form of systematic tradeoff;
Education, Medicare, income Security, Veterans Affairs, Energy, Natural Resources,
transportation, Science Agriculture, Interest on the Debt and Social Security'* (Off
Budget Expenditures). It should be noted that all 11 of these tradeoff ratios exhibit
significant autoregressive behavior as well, indicating that they are not simply random

walks. They exhibit strong non-random behavior. The remaining four sectors,

31t is easy to conjecture reasons. Changes in presidential administrations or control of Congress come
readily to mind (see Jones, Baumgartner, and True 1998). It is simply that speculation on the causes of
these trades is outside the scope of this analysis.

“ While this off-budget item has not been included explicitly in the budget modeling described earlier, it
provides the same end result if we also broaden definitions to include the accounting practices that lead
to referring to Social Security as “off-budget”. Again, the definition of the budget, and the tradeoffs
inherent in the budget, is an accounting function. The tradeoff for social security against some other
sector is still the ratio. We have simple altered what we include as a sector, and the definition of total
spending.
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Commerce, Community Development, International Affairs and General Government
Expenditures all vary systematically with Defense, but do not show large scale shifts in
spending patterns. No sector is completely unrelated to defense spending.

These trends and strong patterns of drift are quite evident in Figure 1. This
graph provides further intuitive confirmation of the existence of tradeoffs. The six larger
budget category ratios exhibited clearly non-random behavior. The trends in
healthcare and justice are evident, with no substantial downturn anywhere in the data
series. The sectors displayed that do not exhibit a trend all show strong secular
movement in a positive direction — that is gaining at the expense of defense spending.
Were the period under examination to end with the Clinton Administration, Medicare,
Income Security, Interest in the Debt and Social Security would all produce significant
trends. The period under study is long enough that major systemic patterns come to
play in estimation. Clearly there are strong trends for substantial periods of time, but
over the course of decades, spending tradeoffs will frequently drift back in a corrective
process based on major budgetary policy decisions. And since these sectors represent
basic entitlement programs, it matches the intuitively appealing expectation that the
entitlement programs are a major factor in driving the overall growth in the budget. The
social programs readily demonstrate strong systematic variation against defense.
There have clearly been significant tradeoffs, and it would appear that defense is
certainly a well to which other programs have gone.

As observed in Table 2 many more functional areas indicate drift rather than
trends. This means that tradeoffs move increasingly in favor of one sector over
another, but eventually spending priorities return to earlier levels. Referring to Figure
2, we can see that certain categories such as the Education and Natural Resources
ratios exhibit what appear to be strong trends over the 1954-1981 years only to find
them falling back towards their original mean in the middle part of the series, the

Reagan years. Yet as the data series picks back up in the post-Reagan era, the trend
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appears to be re-emerging until the slight downturns seen in the younger Bush
presidency. These findings are not unlike, nor likely unrelated to, the period of “policy
punctuations” observed by Baumgartner, Jones, and True (1998). Other studies have
suggested the potential for tradeoffs to be stronger in the Reagan administration
(Russett 1982), and this analysis would indicate that trends clearly visible prior to 1981
reversed to some degree during that administration. The finding of models which have
substantial drift is strong evidence of systematic behavior, and hence tradeoffs. Many
of the categories that are routinely of concern exhibit this drift. Spending on Education,
Energy, Natural Resources, Transportation, Veterans, Science, and Interest on the
Debt all have ratios to Defense which drift away from their mean only to drift back at
some later time. These categories exhibit strong tradeoffs as well since each of them
also possesses strong noise models with 1st order autoregressive processes. The
finding of a noise model also supports the idea of a systematic tradeoff, indicating that
changes at one time point have a residual effect across following years of the budget.
Lastly, four sectors exhibit varying degrees of systematic behavior in their noise
models, but without the stronger trend or drift components in their tradeoff patterns.
Commerce, Community Development, International Affairs, and General Government
spending all have a fairly constant ratio across the period of study, but do possess a
temporal pattern in the form of an autoregressive model. Interpretation of systematic
tradeoffs in this context is not difficult. Random shocks to the system, say in terms of
new program development, boost that category of the budget, but the existing
demands of established programs dampen the impact of such shocks over time so that
the ratio returns to equilibrium after a few years. Agriculture may gain relative to
Defense for a year or two, or loose some of its share of the budget due the exigencies
of a war, but soon it returns back to its equilibrium level. These sectors clearly fail to
exhibit large scale shifts relative to defense as seen in Figure 3. A visual inspection

does reveal that the ratios track across time as one would expect in autocorrelated
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data, but the patterns are relatively weak. Tradeoffs at this level are short-term shocks,
such as program initiatives or major events such as wars which produce shifts over the
short term of several years’ budgets.

As noted much earlier, a prima fascia objection to the existence of tradeoffs has
been to say that rather than robbing from one sector to provide for another we will
simply borrow more. Thus we could speak of “guns and butter”, instead of “guns vs.
butter”. Weighing deficit spending versus defense and domestic programs remains
part of the budget landscape and our perceptions of it, even when not focusing directly
on tradeoffs (Hansen 1998). The deficit has become an integral part of the budget
system. When pressures upon the individual sectors are too great to reduce
expenditures any more, then revenues and the deficit become the alternative means of
avoiding or minimizing sector tradeoffs. It requires only a straightforward algebraic
expansion of the tradeoff identity to include the deficit. It comes as no surprise that the
tradeoff against the deficit may be ascertained by looking at the ratio of the individual
sectors to the deficit.

Deficit spending doesn’t remove the tradeoff; it simply alters what is traded off
against what. In order to examine deficit oriented tradeoffs, we simply include it in the
same model.

Inclusion of the deficit to avoid sector to sector trades requires only a simple
algebraic expansion of the model. Total spending needs to be expanded to equal to
the sum of revenues, along with what we borrow, or have as a surplus, which we define
as the deficit. This approach is not novel, even in looking at systems of budget outlays
(Auten, Bozeman and Cline 1984; Frederiksen and Looney 1994). We may then make

this substitution into the original formulation of a simple budget.

Tot, = Rev, + Deficit,
Def, + Soc, + Oth, = Rev, + Deficit,
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Likewise, subtracting last year’s budget from this years and rearranging terms

we get:

(Defense, + Soc, + Oth, ) (Defense,_, + Soc,_, +Oth, )

= (Rev, + Deficit, )— (Rev,_, + Deficit, , )
(Defense, — Defense, , )+ (Soc, — Soc, , )+ (Oth, —Oth, ;)=

(Rev, —Rev_, )+ (Deficit, — Deficit, , )
Again isolating defense spending on the left side and dividing through by Defi 4
to create the percentage change in defense spending, we get a very similar equation

with the deficit built in.

(Defense, — Defense, ;) (Rev, —Rev_,) (Deficit, — Deficit,,) (Soc, —Soc, ,) (Oth, —Oth, )

Defense, , Defense, , Defense, , Defense, , Defense, ,

Substitution of the deficit plus revenues simply expands the identity. We can
also expand any of the budget or revenue categories as well. Again, if we consider the
explicit values of the coefficients of 1.0 for revenues and the deficit and —1.0 for other
expenditure categories, it is clear that if we spend a dollar more on defense, we must
either increase revenues a dollar, borrow a dollar, or decrease some other spending
category a dollar. Or lastly, and much more realistically, we opt for some combination
of these options.

In the case of the budget deficit, the important question isn’t whether defense
has been traded off against the deficit, but rather the broader question of what have we
been willing to borrow for to support. Hence reformulating the overall identify in terms

of the deficit is the more useful formulation.

(Deficit, — Deficit,_,) (Defense, — Defense, ) .\ (Soc, —Soc,_, ) . (Oth, —0Oth,) (Rev, —Rev, )

Deficit, ; Defense, , Def, , Def, , Def, ,

This reformulation also makes sense. If we spend a dollar more on Defense, or
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Social Programs or other areas of the budget, we will also have to borrow a dollar
more, unless we increase revenues a dollar.

Again reformulating this into an estimable series of the specific sectors gives us
the ratio of the spending category to the deficit as our empirical measure of whether

deficit tradeoffs have occurred.

Spending Category, ,
Deficit, ;

Tradeoff =

Since we are using outlays rather than budget authority, we appear to have
avoided a significant problem. Budget authority data is generally selected in order to
tap the intent of congressional policy. Yet the expansion of the identity has been
accomplished with total outlays plus the actual deficit. The use of budget authority
would have compelled us to use an authorized debt figure, along with authorized
revenues and would produce a somewhat more ambiguous analysis.

Table 3 provides the estimates of the tradeoffs against the deficit. Here we find
a quite different story from the classic guns vs. butter case. Instead of a rich mix of
trends, drift and systematic variation, tradeoffs against the deficit appears largely
stochastic in nature. Only spending for science seems weakly related to borrowing.
The budget deficit appears to have been a mechanism to avoid more substantial
tradeoffs across the board. No sector has relied upon the deficit alone to sustain itself
over the same time frame."

All of these findings are intuitively appealing and consistent with our
conventional wisdom. The finding that all sectors of the budget exhibit systematic
tradeoffs should not come as a surprise. Since we know that the tradeoff identity

means that all sectors are indeed competing with all other sectors for the same

n all likelihood, the lack of systematic variation is a function of the extensive period of the analysis.
Shorter periods, say during the period of greatest growth of the deficit, would likely exhibit stronger
systematic variation. It appears that the overall period has sufficient countervailing processes to obscure
any larger claims for long-term tradeoffs vis a vis borrowing.
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budgetary pie, this finding simply confirms that we do this in a systematic manner and
that this systematic process manifests itself in varying degrees. This is highly

suggestive of future research in the area.

Conclusions and Implications for Further Research

The implications of the tradeoff identity and the ensuing demonstration of
systematic tradeoff behavior are worth noting. We now know categorically the basic
interrelationship between changes in sectors of the federal budget across time which
we have called budget tradeoffs. We also know from the budgetary literature that
many sectors of the budget are driven by factors exogenous to the other programs in
the budget. We find strong systematic tradeoffs between Defense and Health and
Income Security, but rather weak ones for Transportation and Community
Development. The identity expresses an empirically observable interrelationship, but it
does not address the fundamentally more important question of causation. In other
words, education spending is not necessarily inherently driven by defense spending,
but it is constrained by it. It may well be that the budget is a fixed pool sequential
choice process, and that defense spending does indeed constrain education, but the
fact that they are systemically traded against each other has now been deductively and
empirically demonstrated.

Ultimately both are constrained by the overall budget system of which education,
defense, etc. are a part. Budgetary needs (demands) for health care, education,
defense, etc. are no doubt determined by a variety of external factors. Inclusion of
these exogenous influences can be incorporated into attempts to model the
determinants of the budget categories themselves. We need not spend time searching
for the determinants of the tradeoffs ratios postulated. We need only look for the
determinants of the spending categories themselves. Further specification will

ultimately require those of us who continue studies of defense spending or any other
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sector of the budget to look at the budget as a full multi-equation system constrained
by the accounting identity. Defense spending, even in the face of an intense arms
race, is unlikely to be independent of other spending decisions.

Identities provide a powerful tool for further model specification, and the models
of the budget have seen their use before (Fischer and Kamlet 1984; Kamlet and
Mowery 1987; Auten, Bozeman and Cline 1984). These specifications of the budget
system employ the accounting identity of Equation 2 in the sense that the total
spending implied by the system matches that implied by the sum of the components of
the system. Fischer and Kamlet (1984 ) provided such a structural system in the
literature. Interestingly enough they also included a tradeoff term in their model without
realizing that Crecine’s Great Identity, which they also include to constrain estimation,
provides all of the constraint necessary to compensate for tradeoffs. Their models thus
appear over-constrained because they also tried to incorporate tradeoffs as exogenous
factors modeled with a ROCOA regression model.

The research presented here has implications for the study of budgetary politics
and decision making in any sector. First, a long-standing empirical puzzle has been
explained and resolved. Indeed the question of tradeoffs is ultimately resolved by
ascertaining whether the ratio of the two sectors is stochastic or varies systematically.
Indeed systematic variation in varying degrees is the norm, not the exception. We
need no longer ask “Is there a guns vs. butter” tradeoff?” since the answer is
deductively affirmed. This opens the door for much more important studies of the
determinants of these tradeoffs.

Lastly, the nature of the model lends itself to broadening the base of budgetary
inquiry in general; through enhanced estimation due to the incorporation of the
accounting identity as constraint, and then secondly through suggesting that we must
begin to see the federal budget as a system - and a thoroughly interrelated one - which

must be estimated with simultaneous equations. Indeed, because any sector of the

24



budget is constrained by the spending in all other sectors, simultaneous estimation
techniques may be the only way to avoid misspecified spending models. Defense
spending, while no doubt compelled in part by rival Soviet arms spending, is also
constrained by a Congress charged with making decisions in all areas of the budget.
Such constraints should clearly be part of any model of federal spending.

It is apparent that budgetary tradeoffs exist, now let us begin to ascertain why

and how.
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Table 1

The Tradeoff Identity and Selected Incomplete Models

1954-2004

Tradeoff Identity Model

Model Constant Total Health Other Adj. r’ Durbin-
Bo Spending B, B; Watson
B+
Tradeoff 0.0 1.0 -1.0 -1.0 1.00 NA
Identity
(Eq. 9)
) (NA) (NA) (NA)
Other Sectors -.025 291 -.131 - .48 1.01
Omitted
(-1.80) (6.29) (-.29)
Classic Tradeoff Model
Classic Model .021 1.045 -.048 - A7 .94
(Equation 1)
(-1.41) (5.79) (-.50)
Other Sectors .007 1.868 -.054 -.954 .76 .98
Included
(.61) (11.18) (-.83) (-7.36)

#Numbers in parentheses are t-statistics. For the Tradeoff Identity the perfect prediction means
that there is no error variance and hence no t-values with which to be concerned.
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Table 2
Systematic Tradeoffs by Spending Function

1954-2004
Budget Category Mean | St. Err ARIMA Noise Model Wald’s | Nature of
of Est 1954-2002 x? Tradeoff
Education 129 .0164 Education, , a, 8.07 | Drift

Defense,_,  (1- B)(1—.403B)

Health 196 .0127 Health,,  .0096 +a, 19.26 | Trend
Defense,, (1-B)(1-.712B)

Medicare 347 .0230 Medicare, , a 10.13 | Drift

t

Defense,,  (1— B)(1—.692B)

Income Security 482 .0462 IncSec,, a, 11.55 | Drift
Defense,, (1— B)(1—.460B)

Veterans 129 .009 Veterans,_, a, 12.79 | Drift
Defense,, (1— B)(1—.530B)

Energy .020 .008 Energy,, a, 16.24 | Drift
Defense,, (1— B)(1—.406B)

Natural .061 .005 NatRes, , a, 11.16 | Drift
Resources Defense,, (1- B)(L—.622B)
Commerce .032 .044 Commerce,_, .0317 +a, 10.06 | Systematic

Defense,,  (1—.626B)

Transportation 113 .011 Transportation, ;, a, 11.44 | Drift
Defense,_,  (1—B)(1-.430B)

Community Dev 033 | .009 CommunityDev, , 0389 +a, 14.54 | Systematic
Defense,,  (1-.904B)

International 064 | .011 IntAffairs,_,  .0651+a, 6.54 | Systematic

Affairs Defense,,  (1—.743B)
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Science .048 .0067 Science, ; a, 13.80 | Drift
Defense,, (1—.690B)

Agriculture .066 .0237 Agriculture, ;, & 22.70 | Drift
Defense,,  (1-B)

Justice 036 | .0042 Justice,, .0020 - a, —.528a, , 8.45 | Trend

Defense, , (1-B)(@—.746B)

General .049 .0151 GenGovt,_, .0529 +a, 9.27 | Systematic
Government Defense,, (1-.879B)
Interest on Debt .399 .040 NetInterest, , a, 9.66 | Drift

Defense,,  (1-B)(1—.597B)

Social Security .887 | .058 SocialSecurity, , a, 9.75 | Drift
(Considered Defense,,  (1—B)(1-.540B)
'Offbudget')

®The standard errors are omitted for brevity. All coefficients provided are significant at p <.05, except for
the Wald y? statistics with 10 d.f and are all non-significant.
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Table 3

Tradeoffs Against the Deficit

34

1954-2004
Budget Mean St ARIMA Noise Model Nature of Tradeoff
Category Err of 1954-1989
Est
Noise Model Q
Education -.271 .901 Education,_, 11.46 | Stochastic
— = =-271+a,,
Deficit, ,
Health -.303 1.110 Hea?lt_h[_1 __302+a, 3.89 | Stochastic
Deficit, ,
Medicare - Medicare, ; N Stochastic
Deficit, , s
Income Security | -.692 4.307 Inc?.e.ctfl 69243, 5.33 | Stochastic
Deficit,
Veterans -.093 2.813 Veterans,_, 6.59 | Stochastic
——==-095+a,_,
Deficit,_,
Energy -.033 .253 Ene.rg_yH __033+a, 7.71 | Stochastic
Deficit, ,
Natural -.097 .858 NatRes_; 097 7.60 | Stochastic
Resources Deficit,, Fa
Commerce -.005 .821 Commerce, 3.41 | Stochastic
——— = =-005+a,,
Deficit, ,
Transportation -.161 2.287 Transportation,_; 6.20 | Stochastic
— =-161+a, ,
Deficit,_;
Community Dev | -.106 .256 CommunityDev, . 10.22 | Stochastic
— =-106 +a,,
Deficit, ,
International -.139 1.700 IntAffairs,_, 9.05 | Stochastic
Affairs ——-.139=+a,,
Deficit, ;




'Offbudget')

Science -.232 .806 Science, ; —.230+a,, 7.27 | Systematic
Deficit,, (1-.262"B)
Agriculture2 -.098 1.505 Agriculture, , 098+ 2 9.81 | Stochastic
Deficit,, o
Justice -.061 .262 Justice,, 061+ a 4.97 | Stochastic
Deficit, , o
General -.107 .713 GenGovt,_, 7.12 | Stochastic
Government Deficit . —107+a,,
t-1
Defense -1.580 | 27.007 | Defense, , 9.69 | Stochastic
—————=-1580+a,,
Deficit, ,
Interest on Debt | -.700 4.28 NetInterest, ; 5.92 | Stochastic
(Considered Deficit . —700+a,,
'Offbudget') ot
Social Security | -1.337 | 7.23 SocSec, ; 6.77 | Stochastic®
(Considered Deficit . -1.337+a,,
t-1

for Wald XZ statistics with 10 d.f and are all non-significant.

“The standard errors are omitted for brevity. Those coefficients indicate are significant at p <.05, except

® Models with only stochastic behavior represent only random variation about the mean, and thus will
have r’s of 0.00 — by definition as well as by estimation. In addition, the mean of the series will be
identical to the estimate in the model equation.

°The On Budget portion of Social Security, not reported here, does have a systematic moving average
process with respect to the deficit.
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Tradeoff Ratio

Figure 1
Selected Systematic Tradeoffs Against Defense, 1954-2004
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Tradeoff Ratio

Figure 2
Drifting Tradeoffs Against Defense, 1954-2004
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Figure 3
Minimal Systematic Tradeoffs Against Defense, 1954-2004
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