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Abstract

DSGE models have recently become one of the most frequently used tools in policy analysis. 
Nevertheless, their forecasting proprieties are still unexplored. In this article we address this 
problem by examining the quality of forecasts from a small size DSGE model, a trivariate 
VAR model and the Philadelphia Fed Survey of Professional Forecasters. The forecast 
performance of these methods is analysed for the key U.S. economic variables: the three 
month Treasury bill yield, the GDP growth rate and the GDP price index inflation. We 
evaluate the ex post forecast errors on the basis of the data from the period of 1994ź2006. 
We apply the Philadelphia Fed ŲReal-Time Data Set for Macroeconomists,ų described by 
Croushore and Stark (2001a), to ensure that the information available to the SPF was exactly 
the same as the data used to estimate the DSGE and VAR models.

Overall, the results are mixed. It appears that when comparing the root mean squared 
errors for some forecast horizons the DSGE model seems to outperform the SPF in 
forecasting the GDP growth rate. However, this characteristic turned out to be not 
statistically significant. In principle most forecasts of the GDP price index inflation and the 
short term interest rate by the SPF are significantly better than those from the DSGE model. 
The forecast quality of the VAR model turned out to be the worst one.

Keywords: forecasting; real-time data; Survey of Professional Forecasters; DSGE; VAR.

JEL Classification: C32, C53, E12, E17.
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Introduction

Forecasting inflation, output and interest rates in the United States is one of the crucial 
tasks for many domestic and foreign financial institutions and other economic entities. The 
reason is that the ability to predict future state of the U.S. economy accurately facilitates 
the decision-taking process. For instance, the precise forecast of short term interest rates 
would be the useful information for an investment fund while setting duration of its bond 
portfolio. Similarly, many central banks would like to know more about future economic 
situation in the United States, while setting the level of domestic interest rates. As a result 
the question arises, which method is the most appropriate in forecasting the U.S. economy. 
We explore this issue by comparing the forecast performance of a small-scale dynamic 
stochastic general equilibrium (DSGE) model, the Survey of Professional Forecasters (SPF), 
as well as a vector autoregression (VAR) model.

DSGE models have recently become one of the most frequently used tools for 
quantitative policy analysis in macroeconomics, mainly because of their characteristics 
such as micro-foundations or explicitly modeled expectations. Nevertheless, as stated by 
Smets and Wouters (2004), these models are hardly applied for forecasting, on the basis 
of the argument that they perform poorly in this field. Del Negro et al (2005) claim that 
due to the improved time series fit of these models, their role in forecasting should 
increase. Although few central banks have recently decided to use DSGE models for 
inflation projections, the discussion about the application of DSGE models in 
macroeconomic forecasting is still open. Moreover, the documentation of the DSGE 
models out-of-sample performance is still scarce. We think that this issue is of special 
importance as the growing use of DSGE models requires an answer to the question about 
their abilities to forecast future state of the economy.

We believe that the SPF, which is the oldest regularly carried out survey of 
macroeconomic forecasts, represents plausible approximation of the market expectations 
about the future economic situation in the United States. Therefore we regard that the SPF 
represents the best reference point in evaluating the accuracy of the forecasts from the 
DSGE model.

Since the publication of Sims (1980), the small-scale VAR models have been widely 
applied in macroeconomics, both for policy analysis and forecasting. It should be noted 
that infinite order VARs constitute unconstrained versions of DSGE models, and hence 
these a-theoretical models have been widely used as a benchmark for evaluating the 
performance of DSGE models by comparing the impulse-response functions, as in Christiano 
et al (2005), or forecast errors, as in Smets and Wouters (2004). Better forecast accuracy of 
the DSGE model than that of the VAR model would therefore justify constraints given by 
the economic theory. Bearing this in mind, we also investigate whether the quality of 
forecasts from the DSGE model and the SPF are superior to that from the VAR model.

As stated by Croushore and Stark (2001a), while comparing the ex post forecast 
performance of an estimated model with the SPF on the basis of the latest-available data, 
the researcher is favouring his model for the following two reasons. Firstly, he knows the ex 
post realizations of the data and hence has richer data set for building a model. Secondly, 
the latest-available data may substantially differ from those disposable to the SPF due to 
data revisions. We bear in mind that the forecasters could not use estimated DSGE models 
in the mid 90s, since this kinds of models were not well developed then. Consequently, we 
are not able to eliminate the first advantage. We address the second favour by applying the 
Philadelphia Fed ŲReal-Time Data Set for Macroeconomists,ų described by Croushore and 
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Stark (2001a), to our analysis. Therefore, the information, which was available to the SPF, 
is exactly the same as the data applied to estimate the DSGE and VAR models.

As discussed in Croushore (2006), evaluating the accuracy of real-time forecasts 
requires taking a decision on what to consider as the actual data in calculating forecast 
errors. We tackle this problem in two ways. First, we analyse the forecast performance by 
taking the latest available data set, i.e. from the vintage of the third quarter of 2006, as the 
realisation of the variables. In the second case we compare the forecasts with real-time 
data available one year after a given date of the vintage used in estimation.

Overall, the results are mixed. It appears that when comparing the root mean squared 
errors for some forecast horizons the DSGE model seems to outperform the SPF in 
forecasting the GDP growth rate. However, this characteristic turned out to be not 
statistically significant. In principle most forecasts of the GDP price index inflation and the 
short term interest rate by the SPF are significantly better than those from the DSGE model. 
The forecast quality of the VAR model turned out to be the worst one.

The contribution of the paper is twofold. Firstly, we extend the knowledge about the 
forecasting properties of small-scale DSGE models. Secondly, we believe that this is the first 
study that compares the forecast errors from a DSGE model with those from the SPF in 
a real-time environment. Our results confirm that the importance of DSGE models in 
forecasting should increase.

The paper is organized as follows. In section 1 we examine the literature that 
discusses the forecasting performance of the SPF, DSGE and VAR models, both in real-time 
and latest-available data contexts. Section 2 introduces three models applied to generate 
forecasts: the SPF, the DSGE and the VAR. In section 3 we describe real-time data set used 
in the estimation of the DSGE and VAR models. Section 4 presents the results of the out-of-
sample forecast performance analysis. We focus there on the ex post forecast errors from 
the models described in the previous section. The forecast accuracy is evaluated on the 
basis of the data from the period of 1994ź2006. We conclude in the last section.
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Literature review

The number of articles that evaluate the forecasting proprieties of DSGE models in a real-
time environment is scarce. According to our best knowledge, the only such analysis has 
been elaborated by Edge, Kiley and Laforte (2006).� The authors compare mean absolute 
errors (MAE) of forecasts from the random walk, a VAR, a BVAR and a richly-specified 
DSGE model to the Federal Reserves staff projections. The variables considered are GDP 
growth rate, real consumption growth rate, GDP price index and PCE inflation rates in the 
United States. The authors find that the FRB staff is the best inflation forecaster, while the 
DSGE, VAR and BVAR models dominate in forecasting the GDP growth rate. It should be 
noted that since the forecast performance evaluation period of 1996ź2000 is short, the 
results might not be representative.

There are few articles that compare the quality of the forecasts from DSGE to those 
from VAR models. However, since these analyses are not carried out in a real-time context, 
the results might be biased. The two most notable examples are papers by Smets and 
Wouters (2004) and Del Negro et al (2005). The former article illustrates how a medium-
scale DSGE model for the euro area, described by Smets and Wouters (2003), can be 
applied for macroeconomic projections and economic analysis. The authors compare the 
root mean squared errors (RMSE) of the forecasts from the DSGE model to those from 
VARs for seven macroeconomic variables, among them output growth, inflation and 
nominal interest rates. According to the results, which might be not representative since 
the forecast evaluation sample consists of only 16 quarterly observations from 1999-2002, 
the DSGE moderately outperforms the VAR models. The latter article develops a DSGE-VAR 
model, which can be characterized as a BVAR model with priors deriving from a DSGE 
model. The authors apply this new concept to the previously mentioned Smets and Wouters 
(2003) DSGE framework. Subsequently, on the basis of the rolling sample from 1985ź2000, 
they compare forecast errors for seven key variables describing the U.S. economy. As stated 
by the authors, the RMSEs of the forecasts from the DSGE and VAR models are generally 
comparable, but the forecast accuracy of both these models appear to be inferior to this of 
the DSGE-VAR model.

A number of papers compare the quality of real-time forecasts from the SPF to 
univariate a-theoretical models like ARMA or to VAR ones. For example, Croushore (2006) 
analyses the SPF forecast errors for the U.S. GDP price index inflation over the period 1971ź
2004. The author tests and accepts the hypothesis that the SPF forecasts are unbiased, 
except for the sub-sample period 1971ź1981, when the U.S. inflation was affected by the 
oil-price shocks. Subsequently, he compares forecast errors from the SPF and a simple 
ARIMA model estimated on the basis of real-time data. According to the results, there is 
little evidence that this univariate model can outperform the Professional Forecasters. As 
stated by the author, the best evidence in favour of ARIMA models in the earlier studies is 
derived from using latest available data rather than the real-time ones. Clark and McCracken 
(2006) present more extensive study comparing the real-time forecast accuracy of the SPF, 
the Federal Reserve staff and numerous a-theoretical models. The results indicate that the 
performance of VAR and univariate models in forecasting the GDP growth rate, the GDP 
price index inflation, the CPI inflation and the Treasury bill rate is roughly the same. The 
forecast errors from the VARs are, however, significantly higher than those from the SPF, 

�	 It should be noted that their article is a preliminary version and has not been published yet.
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especially for a one-quarter forecast horizon. Finally, the SPF appeared to be more successful 
than the FRB staff in forecasting the GDP growth rate, but less successful in case of the GDP 
price index and CPI inflation.

The general picture that emerges from the above studies is that in a real-time context 
the SPF can better forecast the economy than a-theoretical models like VARs or ARIMAs. 
Furthermore, if the forecast performance is evaluated on the basis of the latest available 
data, it appears that DSGE models are comparable or even superior to the a-theoretical 
ones. The question arises, whether DSGE models can beat the SPF in forecasting the U.S. 
economy if real-time data are used. Providing an answer is the main purpose of this article.
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The models

In this section we present three methods that are subsequently applied to forecast key 
macroeconomic variables of the U.S. economy. We start with an extensive description of 
the structure of a small scale DSGE model, which may be classified as the microfounded, 
forward-looking, New Keynesian model. We also discuss issues concerning estimation of 
such kind of models. Then, we focus on a trivariate VAR for output, inflation and short term 
interest rates. Finally, we give a brief outline of the Survey of Professional Forecasters.

2.1. Dynamic Stochastic General Equilibrium model

The model economy is populated by three groups of agents: households that optimize their 
lifetime utility, firms that maximize profits and monetary authorities that, according to the 
law, care for price and output stability. A log-linearized version of the model consists of 
three core key equations: a dynamic IS curve, a forward looking Phillips curve and a monetary 
policy rule, which determine the path of output, prices and short term nominal interest 
rates. The system is put in motion by three structural shocks. The first one, productivity 
shock, affects the level of production technology. In comparison to the real business cycle 
model of Kydland and Prescott (1982), we assume that productivity is an I(1) process. The 
second, demand shock, impacts householdsű decisions concerning consumption and 
savings. The third, monetary shock derives from monetary authoritiesű decisions.

2.1.1. Firms

Production of consumption good in the model economy is divided into two stages. In the 
first stage, firms indexed by kÎ[0,1] operating at a monopolistically competitive market are 
producing differentiated intermediate goods (Y k

t  ) which are sold at price (P k
t  ) to producers 

of final good. In the second stage, intermediate goods are transformed into homogenous 
final good by perfectly competitive firms. They assemble the final good using a constant 
returns to scale technology of Dixit and Stiglitz (1977):
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In the flexible price environment, in each period intermediate goods producers would 

optimize their profits by setting price  of their output, taking  and  as given. The 

optimal price would be equal to the mark-up over the marginal cost: 
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We suppose, however, that firms are not able to set their prices in each period. Instead, we 

introduce nominal stickiness into the model economy by assuming that prices are set within 

the staggered contract framework described by Calvo (1983). In each period the 

representative firm is allowed to set the price of its output at a desirable level with probability 

(1 ). In other case the price is automatically adjusted by the steady state inflation rate ( )

and a fraction  of the last periodôs excessive inflation rate.2 Thus, if firm  has not re-

optimized the price of its output since period , then the price in period  equals to: 
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where Q t,t+s is stochastic discount factor. Substituting equations (7) and (9) into equation 
(10) yields the following optimization problem:

where  is stochastic discount factor. Substituting equations (7) and (9) into equation (10) 
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The first-order condition for this maximization problem is: 
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where k
tP~  is the level of price that maximizes the expected value of future dividends. As a 

result, according to equation (12), the chosen price positively depends on current and 

expected future marginal costs. 

Finally, according to the definition of the aggregate price index given by equation (2), 

the price level equals to: 
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2.1.2. Households 

The model economy is populated by a continuum of homogenous households indexed 

by . In each period t typical household maximizes the lifetime utility function: ]1,0[i
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where 1 is time-invariant discount factor. The utility function  is an increasing 

function of instantaneous consumption of the representative household with respect to a 
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The first-order condition for this maximization problem is:

�	 Similar indexation patterns were introduced by Smets and Wouters (2003) or Christiano et al (2005).
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where PƮ k
t  is the level of price that maximizes the expected value of future dividends. As 

a result, according to equation (12), the chosen price positively depends on current and 
expected future marginal costs.
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2.1.2. Households

The model economy is populated by a continuum of homogenous households indexed by 
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where ǟ<1 is time-invariant discount factor. The utility function U i
t  is an increasing function 

of instantaneous consumption of the representative household with respect to a fraction Ǩ 
of aggregate past consumption adjusted for the growth rate of technology g, called 
henceforth habit:
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The coefficient ů is the inverse of the intertemporal elasticity of substitution,  is the inverse 

of the labour supply elasticity with respect to real wages and  is a demand shock that is 

assumed to be an AR(1) process 
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debt securities, which are sold at a discount rate 
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In order to maximize the inter-temporal utility function (14) subject to the budget 

constraint (17) the typical household must make two decisions. First, it must choose how 

much money should be spent on current consumption and how much should be invested in 

bonds. The solution of this problem leads to the specification of the dynamic IS curve: 
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where 1ttt PP  is inflation rate. Second, the typical household must decide how much 

time it is eager to spend at work. On the one side, higher labour intensity increases its revenue 
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where 1ttt PP  is inflation rate. Second, the typical household must decide how much 

time it is eager to spend at work. On the one side, higher labour intensity increases its revenue 
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revenue form remuneration but on the other, it lessens the amount of its leisure time. The 
outcome of the optimization is the labour supply curve:
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2.1.3. Monetary authorities and market clearing condition 

The central bank is supposed to be obliged by law to minimize variation of inflation 

and output. Short term nominal interest rate is hence adjusted, as in Taylor (1993), in response 

to deviations of these two variables from their steady-state level. Following Rudebush (2002) 

and Orphanides and Williams (2002) we extended the original Taylorôs specification by 

introducing variations of output growth and interest smoothing into the monetary policy 

reaction function: 
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Monetary shock  is assumed to follow IID white noise process. M

The model is closed by specifying clearing condition on goods market. Aggregate 

supply is equal to aggregate demand if and only if consumption is equal to the production of 

final good: 
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2.1.4. Steady state and log-linearized version of the model 

In symmetric equilibrium all intermediate goods producing firms set their price at the 

same level ( t
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t PP ). Consequently, according to equations (3), (7) and (8), output is equal 

across firms ( t
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t YY ) and profits are null ( 0k
tD ). As bond holdings across households are 

the same, their value in the steady-state must satisfy the condition 01
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budget constraint (17) yields that the total real labour income is spent on consumption 
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. For the reason that in equilibrium dynamics of some variables depend on 
the level of technology At  or price index Pt , we introduce the following de-trended variables 
yt =Yt /At , ct =Ct /A t , h t =H t /A t , mc t =MC N

t /Pt  and w t =Wt /Pt A t . In the absence of structural 
shocks, the economy converges to a stationary steady-sate which is given by yЃ , cЃ , hЃ , LЃ , 
wЃ , mЃc , ǕЃ and RЃ .

Fluctuations of the economy around this stationary equilibrium are specified by 
a log-linearized version of the model, in which deviations of a variable x t from its steady 
state value are represented by x̂t=log(x t /xƯ ).

Combining definition (15) and the clearing condition (21) yields the relationship 
between habit, output and supply shock:
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where, given equations (4), (6) and (19), real marginal costs are equal to: 
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Subsequently, a log-linear approximation of the monetary policy reaction function (20) yields: 
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The two last equations of the model specify the law of motion for the demand shock: 
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order condition for profit maximization defined in (12), leads to the specification of the 
forward looking Phillips curve:
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2.1.5. Estimation 

The system of equations (22)-(28) form a model of unobservable variables that are 

driven by three structural shocks. This model might be written as: 

ttt ɖŪȷXŪȷXŪȷ 2110 ,          (29) 

where iȷ  for i=0,1,2 denote matrices that depend on the vector of structural parameters 
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expectation model, derived on the basis of the algorithm proposed by Blanchard and Kahn 

(1980), can be expressed as the VAR model: 
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For the purpose of estimating structural parameters of the model Ū  it is necessary to 

link the unobservable state variables with observable ones. In our application we relate state 
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where Y  is steady state growth rate of output, which is the sum of equilibrium growth rate of 

output per capita ( g ) and population growth rate. 

(28)
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where Y  is steady state growth rate of output, which is the sum of equilibrium growth rate of 

output per capita ( g ) and population growth rate. 
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and the supply shock: 

S
t

S
t

SS
t 1ĔĔ .            (28) 

2.1.5. Estimation 
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where Y  is steady state growth rate of output, which is the sum of equilibrium growth rate of 

output per capita ( g ) and population growth rate. 
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where Y  is steady state growth rate of output, which is the sum of equilibrium growth rate of 

output per capita ( g ) and population growth rate. 
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(31)

where Ȳ is steady state growth rate of output, which is the sum of equilibrium growth rate 
of output per capita (g) and population growth rate.

The system consisting of the state equation (30) and the measurement equation (31) 
constitutes a state-space model and therefore we can apply the Kalman filtering to calculate 
the value of the likelihood function. The model includes twelve parameters incorporated in 
the vector Ǎ, three parameters that describe diagonal matrix of shock variance, ie. ǯM, ǯ S 
and ǯD, and three parameters that pin down steady state values of output growth, inflation 
and nominal interest rates to the data, namely Ȳ, Ǖ̄  and R̄. As in Irealand (2004) we relaxed 
modelűs assumption that R̄=gǕ̄/ß, which is not confirmed by the historical observations. 
Instead, we regard R̄ as the additional parameter to be estimated. Moreover, we decided to 
fix two of the structural parameters. The discount factor ß was set at 0.995 and the inverse 
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of Frisch elasticity k was set at 2. The remaining coefficients were estimated by maximizing 
the value of the likelihood function of the state-space model.

2.2. Vector Autoregression model

VAR models, introduced by Sims in 1980, have been widely applied in macroeconomics, 
both for policy analysis and forecasting. Recently, they have additionally been used 
as a benchmark in evaluating performance of DSGE models. For that reason, we also 
investigate the quality of forecasts from a trivariate VAR model.

We analyse the vector of three U.S. macroeconomic variables that are exactly 
the same as those which are explained by the DSGE model introduced in the previous 
subsection, namely short term interest rates (Rt

obs), quarterly inflation (Ǖt
obs) and quarterly 

growth rate of output (Yt
obs). That means that for a vector Xt =[Rt

obs  Ǖt
obs  Yt

obs]б we estimate 
the following VAR model:
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where ǈ0 is a vector of intercepts ǈi are matrices of autoregressive coefficients, P is the 
lag order and Ǣt is a vector of residuals. The residuals are assumed to follow a multivariate 
white noise processes, so that E(Ǣ t )=0, E(Ǣt Ǣбs )=0 for t¹s and E(Ǣt Ǣбs )=ǝ for t=s, where ǝ 
is a symmetric, positive defined variance-covariance matrix. The choice of the optimal lag 
order was based on the final prediction error criterion, where the maximum available lag 
was set as five.

2.3. The Survey of Professional Forecasters

The SPF is the oldest quarterly survey of macroeconomic forecasts in the United States. The 
survey, which was launched in 1968, was initially elaborated by the American Statistical 
Association and the National Bureau of Economic Research. Subsequently, in 1990 it was 
taken over by the Federal Reserve Bank of Philadelphia, which has conducted the SPF since 
then. The survey is carried out in regular three month intervals and concerns dozens of 
macroeconomic variables, among them output, inflation and short term interest rates. 
Since each of the thirty anonymous respondents to the survey is producing regular economic 
forecasts as part of his or her professional activity, the survey was baptized as the Survey of 
Professional Forecasters. The results of the survey are published quarterly on the Philadelphia 
Fed web page.�

As discussed by Croushore (2006), the survey forms are sent at the end of the first 
month of each quarter, just after the advance release of the GDP data for the previous 
period, and are returned in the middle of the next month, i.e. before the data are revised. 
Nevertheless, the forecasters while formulating their predictions concerning the U.S. 
economy may use some additional information. Among others, they know about the 
leading indicators and business surveys for the previous month or about the current 
situation on the financial markets. Bearing that in mind, it seems obvious that the SPF has 
an advantage in forecasting output, prices and particularly interest rates in comparison to 
the above described estimated models, particularly in a short term horizon.

In our analysis we focus on the median forecasts of the three following variables: 
the quarterly GDP growth rate, the GDP price index inflation and the three month Treasury 
bill yield. All these variables are forecasted by the SPF up to four quarters ahead, where 

�	 See: http://www.phil.frb.org/econ/spf/index.html.


