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Forecast Summary
The FRB Philadelphia DSGE model denoted Prism, projects that real GDP growth will
rebound strongly over the forecast horizon, with output growth approaching 7 percent by mid

2011. Even with such strong output growth, inflation is well contained, reaching 2.2 percent by
the end of the forecast horizon. Because inflation is the dominant determinant of the federal
funds rate in the model, the forecast is for a gradual increase in the funds rate. Policy begins to
tighten by the third quarter of 2011, and the funds rate reaches 3.2 percent by the fourth quarter
of 2013. Currently, many of the model’s state variables are well below their steady-state values
(see figure 8). In particular, consumption, investment, and the capital stock are low relative to
steady state, and absent any shocks, the model would predict a swift recovery. Further, the wage
rate, and hence marginal cost, is below steady state, implying that, absent any shocks, wages and
marginal cost are expected to increase, leading to an increase in inflation. Also, these state
variables have been below steady state since the end of the recession. The relatively slow
recovery to date and the low inflation that has recently characterized U.S. economic activity
require the presence of shocks to offset the strength of the model’s internal propagation channels.

Overview of the Great Recession and Early Part of the Recovery

Before proceeding to the forecasts, it may be useful to describe how the model accounts
for the Great Recession and what features drove the early stages of the recovery. Because the
model does not contain a financial sector, the past recession is a challenge for the model to
explain. The recession was marked by a severe impairment in financial intermediation that
affected many countries. As a result, risk spreads increased and the cost of funds for both firms

and consumers rose. In addition, many financial markets seized up. The deterioration in the
economy’s ability to allocate resources led to a rapid decline in both investment and
consumption, which was accompanied by a large drop in employment. To capture these
phenomena, the model must identify various shocks that allow it to match the data. Without a
financial sector that endogenously feeds in to the other behavioral relationships, the model is
forced to find ways of reducing consumption, investment, and hours worked.

To match the weakness in desired consumption, the model identifies a shock to the
parameter that governs the way individuals intertemporally allocate their consumption. Thus, the
model identifies an increase in consumers’ rate of time preference, or a decrease in their discount
factor, causing current consumption growth to be weak relative to future consumption growth.
To account for the weakness in investment, the model identifies a negative shock to the
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efficiency of investment. In particular, a unit of investment produces less capital than it normally
would, making investing less desirable. We interpret this shock as one that reflects the efficiency
with which investment funding is allocated across firms. Inefficient allocations of capital lead to
a less productive economy and less desired investment. Also, the extreme fall in employment
cannot be accounted for solely by the discount factor shock and the negative shock to the
efficiency of investment, although both shocks work in the right direction. The model also
requires that individuals desire more leisure. This is a somewhat unattractive feature of the
model, and it is fair to say that additional research needs to be done regarding the way labor
markets are modeled. Finally, a negative shock to productivity is also required in order for the
model to generate sufficient economic weakness. A recent history of the model’s key identified
shocks is presented in figure 6.

The shock to the marginal efficiency of investment and the discount factor shock are the
shocks most closely aligned with the financial crisis. The discount factor shock directly affects
asset prices, and we believe that in our one-sector model, the estimated efficiency of investment
shock is in part the result of an inefficient allocation of investment in the economy. At the
aggregate level, the impediments caused by adverse financial factors probably resulted in an
inefficient allocation of capital, implying that investment was less productive. Also, lack of
consumer credit and relatively unfavorable financing terms were factors in weak consumption
growth, and the negative shock to the discount factor reduces current consumption growth. It
would certainly be desirable to have a structural model of the financial system, but absent that, it
is at least reassuring that some of the key shocks the model identifies as important for causing
the recession are ones that have the tightest association with financial factors.

Inflation did not fall precipitously during the recession period. The primary factor that
contributed to declining inflation was the discount factor shock. The negative discount factor
shock also results in declining wages and marginal cost, which tend to reduce inflation pressures.
Further, negative shocks to firm markups contributed to the fall in inflation in late 2008 and early
2009. Somewhat offsetting the effects of these shocks was the labor supply shock, which raised
wages, marginal cost, and hence inflation as well. Because inflation is the most important
variable in the model’s estimated policy reaction function, these same shocks are the primary
drivers of the funds rate path.

The early stages of the recovery were driven by strong investment and consumption
growth. Replicating this behavior required a waning of the shocks that accounted for the
recession. Thus, the early stages of the recovery were driven by a decline in the magnitude of
both the discount factor shock and the marginal efficiency of investment shock coupled with
strong productivity growth. Productivity grows strongly because in the data output is increasing
while employment remains weak, requiring significant growth in total factor productivity. The
weak employment growth once again is produced through an increased desire for leisure on the
part of individuals in the model. The decline in inflation that accompanies the economy’s
transition into recovery is accounted for by the markup shock turning negative, implying that
firms in the model are facing a reduction in pricing power. Further, the continued presence of
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negative shocks to the discount factor, which helps hold back consumption growth, also helps to
restrain inflation through the usual demand channels. Countering somewhat the negative effects
that these two shocks have on inflation is the positive shock to leisure, which is responsible for
raising marginal cost and inflation, but the magnitude of this shock is falling as employment
picks up. The lowering of inflation is what keeps the funds rate near zero even as the economy
recovers.

The Current Forecast and Shock Identification

The current forecast is shown in figures 7a-7c, which also displays the shock
decomposition. The shock decomposition is a fairly complicated object and will be discussed in
detail in the next section. The key identified shocks are shown in figure 6. In the current forecast,
output is projected to grow robustly, well above the model’s long-run average of 2.7 percent. By
the second half of 2011, output is predicted to grow at about 7 percent. Part of this strength is
due to the model’s state variables having been well below their estimated steady state for a

considerable time, which implies strong growth as the model economy returns to steady state. A
negative government spending shock was a big factor holding down 2011Q1 growth, and since
this shock has low persistence for real output growth, it implies a strong bounce-back in 2011Q2.
The model predicts consumption growth (nondurables+services) will run at close to 4 percent in
2011Q2 driven primarily by discount factor shocks that make current consumption relatively
attractive. As well, investment continues its strong rebound from its 2010Q4 decline. Over the
medium term, the model predicts very strong investment growth that peaks in early 2012.
Consumption growth peaks in 2011Q2 and then declines slowly toward steady state over the
forecast horizon. Essentially, the extremely strong Prism growth forecast is driven by moderately
strong consumption growth and very strong investment growth.

Turning to inflation, the recent ramping up of employment growth led to an estimated
shift away from leisure and toward hours worked on the part of individuals. A positive labor
supply shock tends to push down inflation in the model because it lowers marginal cost. As the
labor market continues to strengthen, it implies less of a cumulative upward pressure on
inflation. However, the labor shock effect is more than offset by the persistent negative effects
that past negative discount factor shocks have on projected inflation. Negative shocks to price
markups also help explain the weakness of inflation over the second half of 2010, but their
effects are not very persistent. On net, inflation is predicted to pick up modestly, rising to 2.0
percent at the beginning of 2012. The slow growth in inflation implies that the funds rate will be
raised only gradually over the forecast horizon.

The Current Forecast in More Detail

To understand the forecast in more detail requires a brief look into the model and the
impulse response functions associated with the key shocks (a detailed description of the model
and its equations are contained in supporting appendices). One also needs to understand why
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these particular shocks are being identified as the primary drivers in the current forecast, as well
as what shocks were important in the past. The need to know past shocks is driven by the fact
that the model’s response to most shocks is persistent. In this document, we display only the
most important shocks. For a description of how every shock affects economic activity in the
model, please refer to the supporting appendix.

The model is a fairly standard New Keynesian model with sticky prices and sticky wages.
Firms and workers are able to reset their prices and wages at random intervals, and those that do
not reset can index their current price (wage) to steady-state inflation. The important implication
of these nominal rigidities is that prices will be a markup over marginal cost, and wages will be a
markup over the marginal disutility of working. The model contains an AR(1) shock to the price
markup, and this shock affects inflation directly. The shock also acts as an inefficient wedge in
the model and therefore affects economic activity — an increase in either markup lowers output.

Production in the model is fairly standard — intermediate goods firms use capital and
labor to produce intermediate goods that are then aggregated via a Dixit-Stiglitz aggregator into a
final good that in turn is used for investment, consumption, and government spending.
Multifactor productivity, or technology shocks, is nonstationary and its growth rate is modeled as
an AR(1). The shock affects output directly and inflation indirectly through its influence on
markups. Thus, increases in productivity increase output growth and reduce inflation.

Investment is subject to adjustment costs that are also influenced by a disturbance, .
Specifically,

K(j):(1—5>Kt_l(j>+ﬂ[(1—8(,'t((‘j))Dm),

where s a shock to investment efficiency, which may be caused by financial frictions.
Basically, a positive shock implies that fewer resources must be devoted to investment in order
to build new capital. This shock is also specified as an AR(1).

Individuals get utility from consumption, which enters via internal habit formation, and
get disutility from working. Individuals also receive utility from money balances, but this part of
the model is not essential and can be ignored. Preferences are subject to two important shocks:
one to time preference, b; and the other to the labor supply, ¢;. Thus, momentary utility is given
by

The preference shocks are composed of a shock to the preference for leisure and a shock
to the discount factor. Both shocks are AR(1) as well.
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Inflation’s relation to output can be seen through the model’s derived Phillips curve. It is
not a structural equation of the model, but it is useful to compare this equation across models to
get an idea of the inflation dynamics in the model. Note that there is no lagged inflation term in
the equation, since we do not index current prices to past inflation. The estimates indicate that
the Phillips curve is quite flat for this model over the sample period 1984Q1 to 2010Q3, and
marginal cost increases are not aggressively passed through to prices.

7, =0.997E, 7

wy +0.011Ime, +o,

Also of importance, especially when analyzing the effects that various shocks have on the
funds rate, is the estimated policy rule. As one can see, the movement of inflation relative to
target is the primary driver of monetary policy.

R =.81R_, +(1-.81)(2.257, +0.06¥,)

In order to understand the contributions of the various shocks to output growth, inflation,
and nominal interest rates, it is helpful to look at the impulse responses of the variables in the
measurement equation (see equation (22) in the technical appendix). The impulse responses to
the currently most relevant shocks are shown in figures 1 through 4. We then attempt to link
these responses and the recent behavior of these variables (figure 5) to form an idea of why the
model is identifying certain shocks as important. While far from perfect, this exercise sheds
some light on why the model is identifying a particular state of the economy at a particular time.
The estimated shocks are shows in figure 6. Further, the varying persistence of each shock’s
effect on output growth, inflation, and the interest rate helps to understand the shock
decompositions that are given in figures 7a, 7b, and 7c.

Toward the end of 2009, output grew fairly strongly, but employment did not. To capture
this behavior, the model placed substantial weight on positive technology shocks. However,
weak growth in 2010Q2 was accounted for by increased disutility from work together with
negative contributions from the discount factor shock, government spending, and monetary
policy and an easing of the TFP shock. The model attributes the stronger growth in the third and
fourth quarters in part to an easing of the financial (discount factor) shock. To help the model fit
the weak growth in hours worked also required positive shocks to leisure over the last few
quarters. Further, the recent strong growth in investment relative to consumption caused the
model to identify negative shocks to the rate of time preference (financial shocks) in the first
three quarters of 2010, but the sign of the shock is reversed by the Q4 strength in consumption.
Although investment grew strongly in 2010, the growth slowdown toward the end of the year is
in part accounted for by negative shocks to the marginal efficiency of investment, which helped
to counter the positive effects of negative shocks to the discount rate. In addition, although the
negative discount rate shock and the positive leisure shock move inflation in opposite directions,
near term, the net effect is negative. By 2011Q1, the mei shock is positive as investment growth
showed a rebound and the financial shock has been running positive over the last couple quarters
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as well. To help account for the falling rate of inflation, the model attaches some importance to
negative markup shocks. Finally, to dampen somewhat the positive effect of the (negative)
financial shock on investment, the model attaches some weight to a negative efficiency of
investment shock, which also has a negative effect on inflation.

The forecast is then a product of past shocks working through the model and the fact that
the model’s state variables are below their steady-state values. At first glance, it is hard to see
why output is predicted to grow so robustly. The reason is that the response of output growth to
both the discount factor shock and the marginal efficiency of investment shock involves some
overshooting. Thus, much of the strong output growth in the projection is due to negative shocks
to the discount factor and investment efficiency in 2009 and 2010. Thus, although the initial
response to these two shocks is quite negative, about four or five quarters in the future the
economy undergoes significant bounce-back in response to these two shocks (see figures 2 and
4).

Regarding inflation, the impulse response functions for the TFP and MEI shocks indicate
that these shocks have a small quantitative effect on inflation for a typical-sized shock. Positive
productivity shocks lower marginal cost somewhat and negative MEI shocks also lower inflation
through their negative effect on demand. But these effects are small. Positive labor supply shocks
have a more significant effect. They push up marginal cost and inflation because higher wages
are needed to attract labor, while the negative discount rate shocks and the negative markup
shock act to offset these pressures. On net, the model, therefore, forecasts only a slight increase
in inflation.

The shock decomposition for the funds rate is similar to that of the discount rate in that
the discount factor shock is a key driver of the forecast — pulling down the funds rate below its
steady-state value for the next 3 years. Note, though, the effect of the efficiency of investment
shock. That shock generates overshooting in both output growth and inflation, although the
overshooting occurs after about 5 quarters in the case of inflation and about 17 quarters in the
case of the funds rate. Consequently, the sequence of large negative MEI shocks over 2007-2009
push up inflation over the forecast horizon but are still pulling down the funds rate. The markup
shock impulses indicate a bit of near-term overshooting on inflation and a steady decline toward
steady state for the funds rate. The negative markup shocks at the end of 2010 lead to a slightly
positive impact on inflation in 2011 and a steady negative effect on the funds rate.
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Philadelphia DSGE Forecast Model Impulse Responses

(one-standard-deviation shocks)
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Figure 1: Response to technology shock
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RTDRC DSGE Model

Figure 1 (continued): Response to technology shock
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RTDRC DSGE Model

Figure 2: Response to investment efficiency shock
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RTDRC DSGE Model

Figure 2 continued: Response to mei shock
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RTDRC DSGE Model

Figure 3: Response to leisure shock
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RTDRC DSGE Model

Figure 3 continued: Response to leisure shock
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RTDRC DSGE Model

Figure 4: Response to discount factor shock
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RTDRC DSGE Model

Figure 4 continued: Response to financial shock
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Figure 5a
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Figure 5b
real wage growth core inflation
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Figure 6

Estimated Shock History (in standard deviations)
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Figure 7a
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Figure 7b
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Figure 7c
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Figure 8
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Figure 8

Endogenous State Variables
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Technical Appendix: PRISM Model
Documentation

Keith Sill
June 6, 2011

1 Model Structure

The FRBPHIL DSGE forecasting model (PRISM) is developed and maintained
by the Real Time Data Research Center (RTDRC) and by the Research Depart-
ment of the Federal Reserve Bank of Philadelphia. The model is medium-scale
and features nominal and real frictions that include wage and price stickiness,
habit formation, and capital adjustment costs. This section of the model doc-
umentation describes the DSGE model, which is essentially the model in Del
Negro, Schortheide, Smets, and Wouters (2007).

1.1 Final Goods Producers

There is a final good Y;that is produced as a composite of a continuum of
intermediate goods Y;(i)using the technology:

vi-|f 11@(@%]1% 1)

with A\s; € (0, 00) following the exogenous process:
Ase=(1=pa ) InAp+pa, g1 +oa, 70 (2)

The variable \f.is the desired markup over marginal cost that intermediate
goods producers would like to charge. From the first-order conditions for profit
maximization and the zero-profit condition (final goods producers are perfectly
competitive firms) the demand for intermediate goods is given by:

(i)
Pt ) Afit
Y (i) = Y; 3
= (H20) ®)
with the composite good price given by:

1 L M

p=|[ oy @
0
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1.2 Intermediate Goods Producers

There is a continuum of intermediate goods indexed by i. They are produced
using the technology:

Yi(i) = max{Z} " K,(i)*L; (i)'~ — Z;®,0} (5)

where Z,is exogenous technological progress that is assumed non-stationary. We
define z; = In(Z;/Z;_1)and assume that it follows the process:

(ze =) = p=(26-1 —7) + €20

Prices are assumed to be sticky and adjust following Calvo (1983). Each firm
can readjust prices optimally with probability 1 — (,in each period. Firms that
are unable to reoptimize their prices P;(i)adjust prices mechanically according
to:

Py (i) = (me—1)" (ma)' 7" (6)
where m; = P;/P,_jand 7.is the steady state inflation rate of the final good.
Those firms that re-optimize price choose a price level Pt(i)that maximizes the
expected present discounted value profits in all states of nature in which the
firm maintains that price in the future:

mazp,;, =P (]-:’t(i) - MC’t) Y (i)+

= S QRs= D (; s L 1— (7)
Ly Z:l <p ‘:‘ff)—&-s (Pt(l)(nl:ﬁ"til_lﬁ* p) — MCtys)Yigs

subject to

s

~ s Lp 1—1p Ry
) Py (1) (lelﬂ—t-&-l—lﬂ—* ) "
}ft+s(7f) == Pt+ Y;H-s

where m; = P,/ P,_1, 3°EF s is the household’s discount factor and M Ciis the
firm’s marginal cost. Markets are assumed to be complete so all households face
the same discount factor. All firms that can re-adjust price face an identical
problem. We will consider only a symmetric equilibrium in which all adjusting
firms choose the same price — which means that we can drop the iindex. It then
follows that the aggregate price level can be expressed as:

v

L1 _ L1~
P, = [(1 ~G) P 4G (rimm T P ) ] .
In the estimation, we shut down inflation indexation by setting ¢, = 0.

1.3 Households

The objective function for household j is given by:

[ee]
Ey Z biys

s=0

. 1—v,
, : Ptts Sty Xeks [ Migs( "
I(Crps() = hCrsma (1) = {0 Lis0) 5 4 1205 ( g ) ]
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where C}(i)is consumption, L;(i)is labor supply, and M;(j)is money holdings.
Household preferences are subject to three shocks: an intertemporal shifter b, a
labor supply shock ¢, and a money demand shock x;. All preference shocks are
assumed to follow an AR(1) process in logs. The household budget constraint,
written in nominal terms, is given by:

Py sCys(J) + Pigslis(§) + Begs(4) < RiisBiis—1(j) + MtJrsfl(jA)""
Mg + Wirs () Leas(G) + BEy qters (1) Kigs—1(5) = Prpsa(trrs(5)) Keps—1(j)

where I(j)is investment, K;(7)is capital holdings, us(j)is the rate of capital uti-
lization, and B;(j)is holdings of government bonds. The gross nominal interest
rate paid on government bonds is R;and Il;is the per-capita profit the household
gets from owning firms. Household labor is paid wage W;(j)and households rent
an “effective” amount of capital to firms K;(j) = u¢(j)K;—1(j). In return, they
receive RFuy(j)K;_1(j). Households pay a consumption cost associated with
capital utilization given by a(us(j))K¢—1(j). Capital accumulation is governed

by:
L . . I(y .
Rild) = (1= Kea () 4 (15 (29 ) 1)
Ii-1(5)
where dis the rate of depreciation, S(-)is the cost of adjusting investment (S’ >
0, S” > 0), and u.is a stochastic shock to the price of investment relative to
consumption, assumed to follow an AR(1) process in logs.

1.4 The Labor Market

The labor market has labor packers that buy labor from households, combine
it, and resell it to the intermediate goods producing firms. Labor used by the
intermediate goods producers is a composite:

Ly = {/01 Lt(j)mlw.t]

The labor packers maximize profits in a perfectly competitive environment,
which leads to the labor demand:

T4+ ¢

Li(j) = <M;t[§j)>_m

Combining labor demand with the zero-profit condition leads to the aggregate

wage expression:
1 1
W= | [ W)=l
0

In the estimation, we fix A\, = Ay € (0,00). Households have market power,
but wage adjustment is subject to a rigidity as in Calvo (1983). Each period, a
fraction 1 — (,0f households re-optimize their wage. For those that are unable

/\w,t
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to re-optimize, W;(j)adjusts as a geometric average of the steady state rate
increase in wages and last period’s productivity times last period’s inflation.
For those households that can re-optimize, the problem is to choose a wage
W, (j)that maximizes utility in all states of nature in which the household wage
is to be held at its chosen value:

math(j)Et Z (Cwﬁ)sbtJrs |:_ Plis Lt+5 (j)1+yl +.. :|

= 1+y
subject to
Wits(j) = (Hle(ﬂ*)l_“” (7Tt+l—162;“’1)w) Wi (4)
for s = 1,...,00 as well as to the household budget constraint and the labor

demand condition. In the estimation, we shut down nominal wage indexation
by setting ¢, = 0.
1.5 Government Policies

The government consists of a fiscal authority and a monetary authority. The
monetary authority sets the nominal interest rate according to the feedback

rule:
& B Rtfl PR E VYR E Yy
R \R Ty Y

The fiscal authority balances its budget by issuing short-term bonds. Govern-
ment spending is exogenous and given by:

1—pr

€ERt-

Gi=(1-1/g)Ye
where the government spending shock g;is assumed to follow an AR(1) process.

1.6 Exogenous Processes

There are seven exogenous shocks in the model. The follow the processes:

e Technology process. Let z; = In(Z;/Z;_1)

(Zt - ’7) = Pz(thl - ’Y) + 02€xt

e Preference for leisure:

Ingy = (1—pg)Ing+pplngi1 +0opeps

e Money demand (this shock is shut down in the estimation and the model
is not estimated using a monetary aggregate):
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Inx: = (1 —py)Inx+pyInxe—1 +oyexe

Price-markup shock:

InA =1 —pa)InA+prlni_1 +orery

Capital adjustment cost (marginal efficiency of investment):

In Ht = (1 - plt) lny’ + Pu In Mi—1 + Op€u,t

Intertemporal preference shifter:

Inb; = ppInb;_1 + opep s

e Government spending shock:

Ing: =1 —pg)Ing+pgIng,_1+ 0ogeq4

Monetary policy shock:

€R,t

1.7 Log-Linearized Model

Variables are detrended where appropriate and expressed as deviations from
steady state.

e Detrending:
Yt = Yt/Zt; Ct = Ct/Zm 1 = It/Zt, ki = Kt/Zta /_ft = Kt/Zta

rF = RE/P;, wy = Wi/ (PiZy), Wy = Wi/ We, & = E47Z4,
ff = Eth, Zt = IOg(Zt/Zt_l)

e Marginal cost:
mer = (1 — a)wy + ark. (8)

e Phillips curve:

= BEt [ﬂ-t-‘rl] + (1 _ Cpﬁ)(l - Cp)mCt + i)\f,ta (9)
P

Cp G

with normalization:

Aft = [(1 - Cpﬂ)(l - Cp))‘f/(l + )‘f)]j‘f,t

and Asis the steady state of Ay ;.
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e Capital-labor ratio:
kt—Lt = W¢ —Tf (10)
e Marginal utility of consumption:

(€Y —hB)(eY — h)& = —(e®7 + Bh?)cy + BheYEilciy1 + zttl]—I—
hev(ct_l — Zt) + 6"/(6’y — h)bt — ﬂh(e“’ — h)Et[bt+1]

with the normalization:
by = e¥(e¥ — h)/(e*" 4 Bh?)b;.
e Consumption euler equation:
& = Ei[&ra] + Re — Be[mea] — Eeze4a]. (12)
e (Capital accumulation:

kit =up — z¢ + ];t771
ki =(2—e" —8)[ki—1 —ai] + (& + 85— 1)[iy + (1 + B8)S" e 1)

e Investment:

1 B 1

= Ty plet A gl el g

where £Fis the value of installed capital, evolving according to:
ff =& =pe (1 - 6)Et[§f+1 =& FEf(1 - (1 - 5)5€7W)7”f+1 — (R — m41)]

e Capital utilization:

iy

(&F = &)+ pe (14)

Tf k
U = yrt . (15)
e Optimal real wage:
Wy = CuBE W41 + Awit1 + mip1 + ze4a]+
1Col (T —wy— &+ Byt L) (16)
TF (T ) A Wt T W= 60 70 08 7 T2 5 Pt
e Real wage:
1—- W ~
Wy = W1 — T¢ — 2¢ + 74-71)75. (17)
Cw
e Production function:
Yy = (1 — OZ)Lt —+ Oékt (18)
e Resource constraint:
(1 g e+ 2t =2 )]+ (19)
= «)|—C —(2 u
Yt g y*t y*t 67_1_’_51‘/ gt
e Monetary policy rule:
Ry = prRi—1+ (1 — pr) (Y17t + Y2yt) + ORER - (20)
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2 Empirical Application

We use post-1983 U.S. data to estimate the DSGE model. We begin with
a description of our data set and the prior distribution for the DSGE model
parameters.

2.1 Data and Priors

Seven series are included in the vector of core variables y,that is used for the
estimation of the DSGE model: the growth rates of output, consumption, in-
vestment, and nominal wages, as well as the levels of hours worked, inflation,
and the nominal interest rate. These series are obtained from Haver Analyt-
ics (Haver mnemonics are in italics). Real output is computed by dividing the
nominal series (GDP) by population 16 years and older (LNI16N) as well as
the chained-price GDP deflator (JGDP). Consumption is defined as nominal
personal consumption expenditures (C') less consumption of durables (CD). We
divide by LN16N and deflate using JGDP. Investment is defined as CD plus
nominal gross private domestic investment (I). It is similarly converted to real
per-capita terms. We compute quarter-to-quarter growth rates as log difference
of real per capita variables and multiply the growth rates by 100 to convert
them into percentages.

Our measure of hours worked is computed by taking non-farm business sector
hours of all persons (LXNFH), dividing it by LN16N, and then scaling to get
mean quarterly average hours to about 257. We then take the log of the series
multiplied by 100 so that all figures can be interpreted as percentage deviations
from the mean. Nominal wages are computed by dividing total compensation
of employees (YCOMP) by the product of LN16N and our measure of average
hours. Inflation rates are defined as log differences of the core PCE deflator
index (JCXFE) and converted into percentages. The nominal interest rate
corresponds to the average effective federal funds rate (FFED) over the quarter
and is annualized.

Our choice of prior distribution for the DSGE model parameters follows
DSSW and the specification of what is called a “standard” prior in Del Negro
and Schorfheide (2008). The prior is summarized in the first four columns
of Table 1. To make this paper self-contained we briefly review some of the
details of the prior elicitation. Priors for parameters that affect the steady
state relationships, e.g., the capital share a in the Cobb-Douglas production
function or the capital depreciation rate are chosen to be commensurable with
pre-sample (1955 to 1983) averages in U.S. data. Priors for the parameters of
the exogenous shock processes are chosen such that the implied variance and
persistence of the endogenous model variables is broadly consistent with the
corresponding pre-sample moments. Our prior for the Calvo parameters that
control the degree of nominal rigidity are fairly agnostic and span values that
imply fairly flexible as well as fairly rigid prices and wages. Our prior for the
central bank’s responses to inflation and output movements is roughly centered
at Taylor’s (1993) values. The prior for the interest rate smoothing parameter
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pr is almost uniform on the unit interval.

The 90% interval for the prior distribution on v; implies that the Frisch labor
supply elasticity lies between 0.3 and 1.3, reflecting the micro-level estimates
at the lower end, and the estimates of Kimball and Shapiro (2003) and Chang
and Kim (2006) at the upper end. The density for the adjustment cost param-
eter S”spans values that Christiano, Eichenbaum, and Evans (2005) find when
matching DSGE and vector autoregression (VAR) impulse response functions.
The density for the habit persistence parameter his centered at 0.7, which is the
value used by Boldrin, Christiano, and Fisher (2001). These authors find that
h = 0.7enhances the ability of a standard DSGE model to account for key asset
market statistics. The density for a” implies that in response to a 1% increase
in the return to capital, utilization rates rise by 0.1 to 0.3%.

2.2 State Space Representation

The state space representation for the model estimation is given by:
St :TSt71 +R€t (21)
with measurement equation:

Aln(y:)
Aln(ct)
Aln([t)
In(H,) —D+Zx85, (22)
AIH(Wt)

Ry

Note that we do not allow for measurement error in the estimation.
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3 Parameter Estimates

Table 1: PRIOR AND POSTERIOR OF DSGE MODEL PARAMETERS (PART 1)

Prior Posterior
Name Density Para (1) Para (2) Mean  90% Intv.
Household
h B 0.70 0.05 0.76 [0.71,0.81]
a”’ g 0.20 0.10 0.26 [0.10,0.43 |
v G 2.00 0.75 1.91  [1.07,2.69 ]
Cw B 0.60 0.20 0.74 [0.58,0.87]
400 (1/6—-1) G 2.00 1.00 1.124 [0.37,1.86]
Firms
! B 0.33 0.10 0.16 [0.13,0.19]
Cp B 0.60 0.20 0.90 [0.89,0.92]
S g 4.00 1.50 5.30 [3.22,7.25]
Af g 0.15 0.10 0.16 [0.01,0.31]
Monetary Policy
4007* N 3.00 1.50 331 [2.60,4.17)]
(" g 1.50 0.40 2.25 [1.90, 2.64
P2 g 0.20 0.10 0.06 [0.04,0.08]
PR B 0.50 0.20 0.81 [0.77,0.86 ]
9
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Table 1: PRIOR AND POSTERIOR OF DSGE MODEL PARAMETERS (PART 2)

Prior Posterior
Name Density Para (1) Para (2) Mean 90% Intv.
Shocks

400y G 2.00 1.00 1.66 [1.17,2.13 ]
¢ G 0.30 010 028 [0.13,0.41]
pe B 0.20 0.10 025 [0.14,0.36]
p. B 0.80 0.05 085 [0.80,0.90]
Pr; B 0.60 0.20 0.16 [0.07,0.26 ]
Pg B 0.80 0.05 0.96 [0.95,0.98 ]
o B 0.60 0.20 091 [0.87,0.95]
po B 0.60 0.20 071  [0.56,0.91]
Oa 6 0.75 2.00 0.63 [0.56 , 0.71 |
oy Y 0.75 2.00 0.39 [0.32, 045 ]
o, IG 0.75 200 017 [0.15,0.20]
Oy 46 0.75 2.00 0.35 [0.31,0.39 ]
op aY 0.75 2.00 0.50 [0.36 , 0.62 ]
(o 6 4.00 2.00 9.08 [3.44,14.16 ]
OR G 0.20 2.00 0.14 [0.12,0.16 |

Notes: Para (1) and Para (2) list the means and the standard deviations for
the Beta (B), Gamma (G), and Normal (N) distributions; the upper and lower
bound of the support for the Uniform (&) distribution; s and v for the Inverse
Gamma (ZG) distribution, where pzg(c|v,s) o« o~ +De=vs"/20*  The joint
prior distribution is obtained as a product of the marginal distributions tabu-
lated in the table and truncating this product at the boundary of the determi-
nacy region. Posterior summary statistics are computed based on the output of
the posterior sampler. The following parameters are fixed: § = 0.025, A, = 0.3.
Estimation sample: 1984:I to 2010:1.

10
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RTDRC DSGE Model

4.1 Impulse Responses

Impulse responses are to a 1-standard deviation shock.

Figure 1: Response to technology shock
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RTDRC DSGE Model

Figure 1: Response to technology shock
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RTDRC DSGE Model
Figure 2: Response to mei shock
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RTDRC DSGE Model

Consumption Growth
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RTDRC DSGE Model

Figure 3: Response to leisure shock
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RTDRC DSGE Model

Figure 3: Response to leisure shock
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RTDRC DSGE Model

Figure 4: Response to financial shock
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RTDRC DSGE Model

Figure 4: Response to financial shock

Consumption Growth Investment Growth
5 2 g 1
s 1.5 - 3 057
2 2 0 -
< 1 - < 05 -
o o
2 05 - g -1
o O 15
: 0 2 2
nq-) -0.5 T T T T T & -2.5 T T T T T
1 5 9 13 17 21 1 5 9 13 17 21
Real Wage Growth
0.6 -
g 05 -
S 04 -
£
E 0.3 -
c 4
3 0.2
L 0.1 -
0 T T T T T
1 5 9 13 17 21
FRBPHL Research Dept

40 of 46



Authorized for public release by the FOMC Secretariat on 02/09/2018
RTDRC DSGE Model

Figure 5: Response to markup shock
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RTDRC DSGE Model
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RTDRC DSGE Model

Figure 6: Response to monetary policy shock
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RTDRC DSGE Model

Figure 6: Response to monetary policy shock
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RTDRC DSGE Model

Figure 7: Response to government shock
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