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                    Abstract
Modern empirical macroeconomic models, known as structural autoregressions (SVARs) are dynamic models that typically claim to represent a causal order among contemporaneously valued variables and to merely represent non-structural (reduced-form) co-occurence between lagged variables and contemporaneous variables. The strategy is held to meet the minimal requirements for identifying the residual errors in particular equations in the model with independent, though otherwise not directly observable, exogenous causes (“shocks”) that ultimately account for change in the model. In nonstationary models, such shocks accumulate so that variables have discernible trends. Econometricians have conceived of variables that trend in sympathy with each other (so-called “cointegrated variables”) as sharing one or more of these unobserved trends as a common cause. It is possible for estimates of the values of both the otherwise unobservable individual shocks and the otherwise unobservable common trends to be backed-out of cointegrated systems of equations. The issue addressed in this paper is whether and in what circumstances these values can be regarded as observations of real entities rather than merely artifacts of the representation of variables in the model. The issue is related, on the one hand, to practical methodological problems in the use of SVARs for policy analysis—e.g., does it make sense to estimate of shocks or trends in one model and then use them as measures of variables in a conceptually distinct model? The issue is also related to debates in the philosophical analysis of causation—particularly, whether we are entitled, as assumed by the developers of Bayes-net approaches, to rely on the causal Markov condition (a generalization of Reichenbach’s common-cause condition) or whether cointegration generates a practical example of Nancy Cartwright’s “byproducts” objection to the causal Markov condition.
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                    Notes
	Most discussions of Bayes nets focus on directed acyclical graphs, in which causation is strictly one-way. But this is not essential, and it is characteristic of structural econometrics—going back to its foundations in Haavelmo’s (1943, 1944) seminal work—to be concerned with simultaneous (mutual) or cyclical causal relations.


	“Causes on the right” is a common, but not always respected, convention in econometrics. It is sometimes helpful to represent the causal relationship more explicitly: Cartwright (2007, p. 13) suggests “\(\hbox {c}^{=}\)” and Hoover (2001, p. 40) suggests “\(\Leftarrow \)” as directed causal equalities.


	The interpretation of the residual as error or as a substantive causal factor has a long history in econometrics, going back, at least, to Frisch (1938). See Duarte and Hoover (2012); also Qin and Gilbert (2001).


	On the connection to Frisch and Haavelmo, see particularly (Spanos (1989), p. 408, and section 5) and (Spanos (1990), section 3).


	On practical techniques for securing statistical adequacy, see Spanos (1990, 1995), Mayo and Spanos (2013), Hendry (1995), Hoover et al. (2008) and Hoover (2013).


	There can also be deterministic trends in which the value of a variable depends noncausally and deterministically on time. Our concern here is only with stochastic trends.


	
Haavelmo (1944), Koopmans (1950), Hood and Koopmans (1953). See Duarte and Hoover (2012) for a history of the role of shocks in econometrics).


	The distribution is typically assumed to have mean of zero, which can be guaranteed by including a constant in the conditioning set, which is equivalent to an innocuous normalization of the measurements of the variables; and the distribution is often assumed to be normal or Gaussian, which can be justified in many circumstances by considerations that need not concern us here.


	Other sorts of restrictions may also be identifying so long as they reduce the dimensionality of the parameter space to be no greater than the dimensionality of the data space.


	
Sims (1998) comments on the original paper, and Rudebusch (1998b) replies.


	In fact, Hoover (2001, chs. 8–10) investigates methods of using such changes of regime within a stable causal structure to extract information about the causal structure itself.


	See Hoover (2001, pp. 92–97) for a detailed discussion of Cartwright’s case; see also the related discussion on pp. 53–54 on the meaning of “probabilistic causality”; cf. Humphrey’s (1989, pp. 46–47).


	Acyclic graphs that have the same skeletons (i.e., the same variables are connected by causal arrows without attention to their direction) and the same unshielded colliders are observationally equivalent (Pearl 2000, theorem 1.2.8, p. 19). An unshielded collider is a pattern in which two variables that are not connected directly are the source of causal arrows that point into the same third variable. Figure 1 is an example of an unshielded collider.


	Equation (11) follows from (10) by lagging (10) and substituting the expression into the right-hand side of (10) to eliminate for \(x_{t-1}\). This introduces a term \(\rho ^{2}x_{t-2}\), which is eliminated in the same way. After \(n\) such substitutions, we are left with an expression involving the shocks and \(\rho ^{n}x_{t-n}\). As \(n \rightarrow \infty \), this term approaches zero, and the expression on the right-hand side of (11) remains.


	To derive (13), lag (12a) one period, multiply by both sides \(\rho \), subtract the result from the original (12a); then substitute from (12b) and rearrange to get (13).


	See Hoover (2001, pp. 166–170) for an analogous case.


	After having tweaked the commonplace example of cointegration as man following a drunk with the addition of a brother following the man, I discovered the structurally identical explication in Murray (1994), in which the drunk is followed by two dogs rather than two brothers.


	The notion of spurious or nonsense correlations goes back to Yule (1926). Sober (2001) provides a time-series example. He suggests that two trending series, the price of bread in Britain and sea levels in Venice are correlated because they are both trending upward. This is spurious correlation because the series are trending and, therefore, nonstationary; so that ordinary correlation measures that were designed with reference to stationary probability distributions (e.g., Pearson’s correlation coefficient) do not bear the same relationship to nonstationary distributions and do not in the nonstationary case indicate probabilistic dependence. See Hoover (2003) for a detailed discussion of Sober’s example. Hoover (2009) and especially Hoover (2007) addresses spurious correlations that arise from a variety of sources. The common characteristic of all types of spurious correlation seems to be that they apply the wrong probability model to the data and, therefore, use unwarranted probabilities in the second step of the two-step procedure for causal inference mentioned in Sect. 1—which reinforces the importance of getting the first, statistical step right.


	See Simon and Ando (1961) and Simon and Iwasaki (1988) for a formal treatments.


	When the hypothesis is accepted, \(z\) is said to be weakly exogenous (see Juselius 2006, ch. 11, sections 1 and 2).
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