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Moody's Analytics Global Macroeconomic
Model Methodology

BY MARK HOPKINS

conomic models are valuable tools for prediction, understanding and analysis of data. The key challenge

in macroeconomic modeling—the one that sets the task apart from other types of modeling—is to posit a

clear, limited set of causal relationships to ensure a stable, tractable model while still mirroring a real-world
environment where “everything affects everything.” In the modern global economy, the scale of this conundrum of
causality is magnified greatly. Meeting client needs for internationally consistent macroeconomic forecasts, along
with reasonable and supportable alternative scenarios to satisfy regulators, requires a judicious approach informed
by a careful balance of economic theory, empirical evidence and diagnostic testing.

In this context, the Moody’s Analytics
Global Macroeconomic Model produces
interrelated forecast paths for more than
16,000 macroeconomic time series spanning
73 countries that together account for more
than 97% of the world's output (see Chart
1). Another 31 emerging market economies
are forecast in a satellite model driven by
those global model forecasts. The GMM is
a structural model, consisting of a single,
large system of simultaneous equations. It
reflects some specific economic relationships,
with cross-country interactions introduced
through various demand, price and financial
market linkages across those equations. A
baseline and 10 standard alternative scenario
forecasts are produced at a quarterly frequen-
cy, over a 30-year time horizon. These are up-
dated monthly to retain consistency with the
most recent available economic data.

In addition to producing detailed fore-
casts for individual countries, the GMM

reports key concepts
for a number of
country aggregates.
These include geo-
graphical regions
(for example, South
America, Europe),
major institutional
groupings such as
the EU and the euro
zone, and in some
cases breakdowns by
income (developing
versus developed
Asia, for instance).
Throughout the
global model, Moody's Analytics employs
a “top-down, bottom-up" methodology.
Global growth projections are constructed
from a huge array of forecasts for con-
sumption spending, investment and trade
across individual countries. These building
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Modeling alternatives and choices

The GMM is a tool that allows users to
design their own global forecasts. The mod-
el aggregates a vast array of international
economic data, mapping the information to

a set of predicted paths for various concepts
of interest. The model is not a crystal ball,
however. When solved, its equations pro-
duce expected values conditional on a set
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Sources: Moody’s Analytics

Chart 1: Global Forecast Coverage

I Included in the Global Model (73 countries)

Additional forecasts (IFRS9) (32 countries)

blocks depend in turn on a set of global
drivers and various “high level targets”
that can be adjusted by the model user

to produce alternative forecast paths
quickly and efficiently across thousands of
global series.

of model parameters and assumptions. The
model was designed with multiple points of
entry, where users can alter those assump-

tions as desired.



Clients can use the GMM to predict
future values of key economic time series
such as GDP, interest rates and inflation;
produce counterfactual scenario projec-
tions of those variables under varying
sets of assumptions; or simply facilitate
their understanding of these outcomes
by tracing the path of “cause and effect”
as shocks propagate throughout the
global economy.

In this sense, models are tools and,
as with all projects, the best tool always
depends on the nature of the job. Macro-
economic models are typically employed
for one of three main purposes: baseline
forecasting, scenario evaluation and
economic insight. However, an econom-
ic model that is superior in producing
out-of-sample forecasts may do poorly
in evaluating the impact of alternative as-
sumptions, like predicting the impact of a
tax cut on spending or of a depreciation of
the exchange rate on investment spending.
Another modeling approach might do well
generating alternative scenarios, but act
too much as a “black box," providing little
transparency into the results and prevent-
ing the model user from justifying its pre-
dictions to others.

At the heart of the Moody’s Analytics
forecasting methodology is a recognition
that a bespoke model built to answer a
specific question will generally be supe-
rior in each case, but such a model can
never be superior in all cases. Yet, there
are cost considerations—as well as cli-
ents' desire for consistency and transpar-
ency in our analysis and results, and reg-
ulators’ desire for methodological clarity,

uniformity and process governance.
These create a need for baseline and
scenario predictions made using a single,
flexible, transparent and heavily vetted
macroeconomic forecasting model. While
specialized “satellite models” can be
usefully employed to calibrate appropri-
ate model inputs, forecast benchmarks
or scenario targets, all country forecasts
published by Moody's Analytics are con-
structed using this single, unified, struc-
tural model, following the methodology
laid out in this document.

Accordingly, this model is constructed
to accommodate and balance a wide array
of objectives and competing trade-offs,
including:

Conditional accuracy. Forecasts
should not simply be correct, but
also internally consistent. Inter-

est rates, inflation rates, and GDP
growth paths are forecast jointly,
not independently. A poor predic-
tion need notiinvalidate the model
as long as the equation input, rather
than the equation itself, is to blame.

Stability. Left alone, forecasts for
stationary time series.should revert
to their long-run “anchors” and
the model should not crash easily
when shocked.

Dynamic properties. The time paths
of key variables should be consistent
with stylized facts, textbook theory
and empirical evidence (for example,
match empirical impulse response
functions).

Five principles for the global model

To confront the many methodological
trade-offs and to optimize over the multiple
objectives, the global model was created by
adhering to five key principles.

Principle 1: Build in key tuning parame-
ters for command and control.

Like an aircraft carrier, the global model is
huge and could easily become unwieldy un-
less designed specifically to be operated effi-
ciently, and even single-handedly. To this end,
the model is built around a handful of key
drivers or “tuning variables” that are endog-
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enous yet play the role of exogenous drivers
in much of the model. One example of these
tuning variables are the inputs employed in
the “top-down, bottom-up” structure. Other
inputs are simply important variables by their
nature, like oil prices or the federal funds rate,
which have an outsize effect on the rest of
the model, either directly or indirectly.

Principle 2: Key macroeconomic variables
all have long-run anchors set by either sup-
ply-side assumptions or by long-run equilibri-
um relationships (see Table 1).
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Business productivity. Model users
should be able to tune a baseline
forecast or generate an alternative
scenario forecast quickly and easily,
by tweaking a few key series.

Flexibility. The model must be
suitable for multiple business pur-
poses, including being able to run
both “forward,” for traditional fore-
casting, and “in reverse,” for regu-
latory stress-testing. For example,
the model must be able to produce
a forecast for GDP given informa-
tion on consumer spending and the
trade balance, or a prediction for
consumer spending and the trade
balance given regulatory guidance
on GDP.

Theoretical support. Model equa-
tion specifications must all be jus-
tifiable, supported either by macro-
economic theory or well-understood
empirical relationships.

Predictive power. The model should
produce a reasonably accurate base-
line forecast, in the absence of any
model user adjustments.

Counterfactuals. The model should
have the ability to simulate the im-
pact of discrete “policy shocks” well,
both qualitatively and in appropriate
magnitude, including the propaga-
tion of shocks throughout both the
domestic economy and the broader
global economy.

Principle 3: The global model should have
some adjustment mechanism built into every
country by which all variables will converge
to their long-run anchors.

There are several convergence mecha-
nisms built into the model. One type acts
through a single equation, by the inclusion of
a mean-reversion or error-correction termin
which the growth rate of a series is negatively
related to its deviation from equilibrium.

A second type of convergence mechanism
acts across multiple equations. These are
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largely representations of the standard mac-
roeconomic consensus theory. Consider, for
example, the impact of a sudden increase in
GDP. The model will generate the following
responses (with the associated theoretical
mechanism given in parentheses):

The unemployment rate will fall

(Okun's law);

The inflation rate will rise
(the Phillips curve);

Short-term interest rates will move
higher (Taylor rule);

Long-run interest rates will move
higher (term structure of interest rates);

Real exchange rates will move higher
(interest rate parity);

Real net exports will decline with their
higher cost abroad (demand curve),
and

Real GDP will decline (the NIPA iden-
tity), eventually bringing output back
into equilibrium with the level of po-
tential output.l

Principle 4: The global model should
have desirable “shock properties.”

1 For this to work in level form, rather than the usual way
in terms of growth rates and changes in unemployment,
Okun's law has to be expressed in log levels of GDP and
the level of unemployment, using the natural rate from the
Phillips curve as the undefined constant.

Taking theory to the data

Economists continue to enjoy spirited
methodological debates over the best way
to model the economy and the wide array
of approaches employed. Each has its de-
fenders. However, over the last few decades,
macroeconomic theory has evolved toward a
consensus view best described as “Keynesian
in the short run, and classical in the long run.”
This is reflected in the following empirical rela-
tionship between growth in output and prices
and the rate of interest:
Output (GDP) depends on spending,
which is determined by the expected
real rate of interest, or the nominal in-
terest rate less future inflation;
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Table 1: Key Forecast Variables Tied to Equilibrium Anchors in Long Run

Variable
Unemployment rate
Labor force

Real GDP

CPI inflation rate
Interest rates

Exchange rate (LC/USD)

Source: Moody’s Analytics

To meet the demands of financial risk
mitigation, including regulatory stress-test-
ing and expected loss accounting, the
global model needs to be able to produce
awide array of reasonable and supportable
alternate scenarios.

However, the sensitivity to changed as-
sumptions required for the model to produce
clearly divergent alternative paths must be
weighed against the need for stability in the
solution and/a robust baseline forecast that
will not jump around confusingly from month
to month as new historical information is
incorporated. The goals of sensitivity and sta-
bility necessarily conflict to some degree, but
an optimal balance can be struck by taking
care in model design.

Specifically, for the model to display
simultaneously short-runssensitivity to
shocks but long-run stability and forecast
invariance, several technical conditions
must be met. First, the model must also
have short-term positive feedback' mecha-
nisms so that shocks propagate through the
model to deliver deviations from the base-
line of appropriate magnitude to a range

Nominal interest rates are determined
partly by monetary policy interventions
but also by demand for credit, which is
influenced by current activity (GDP) and
expected inflation, and

Inflation reflects the choices made by
firms when setting prices, but these
choices depend on the level of real ac-
tivity and inflationary expectations.

Mathematically, these three un-
knowns—real GDP, nominal interest rates,
and inflation—can be solved in a system
of three equations, conditional on a set
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Long-run anchor

Equilibrium rate of unemployment (NAIRU)

Trend labor force participation rate * population ages 15-64
Potential output level

Central bank inflation target

Nominal potential GDP growth rate

Relative CPI (that is, purchasing power parity)

of variables. For instance, a fall in spending
triggers a fall in income and wealth that
triggers a bigger decline in spending.

These positive feedback “shock mech-
anisms” must operate strongly on a short-
term time horizon, so they dominate the
impact of any other effects over the first one
to six quarters.

At the same time, these short-term
positive feedback shock mechanisms must
die out quickly, so that over the long run
(five to 20 quarters) the negative feed-
back adjustment mechanisms described in
Principle 3 come to dominate. Otherwise,
any shock to the model will persist for
too long or even explode outward, never
returning to the baseline, or simply produc-
ing too much volatility and instability in
the forecast.

Principle 5: Ensuring the competing goals
of positive feedback mechanisms dominat-
ing in the short run and negative feedback
dominating in the long run requires equations
that achieve balance along two dimensions:
coefficient magnitudes and decay parameters
(see Box 1).

of given expectations of future income
and inflation.

The classical long run is achieved at the
point where expectations are consistent with
reality—where activity and prices remain
stable at equilibrium values governed entire-
ly by the supply side of the economy. Real
GDP converges to its potential level, which is
dictated by demographics, participation pref-
erences and productivity; inflation is stable at
its expected rate, and interest rates converge
to a level consistent with long-run nominal
GDP growth and liquidity preferences.

In the short run, however, a shock to any
part of this system can cause spending and
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Box 1: Balancing Coefficient Magnitudes and Decay Rates in
Equation Specifications

Consider a simple model with three variables: X, Y and Z. Specifically, assume Y=GDP, which depends positively on two drivers X
(investment) and Z (the price of foreign exchange). All three variables demonstrate persistence in the form of a lagged dependent vari-
able. In addition, the model has two feedback mechanisms: An increase in Y increases X in the next period (positive feedback) but also
lowers Z in the next period (negative feedback).

For the model to meet the dual goal
erties, we would need the following con

In this case, a positive shock to GDP (g) would hav

1. It would persist naturally through the AR(1) term for GDP (g

the model.

2. It would increase future values of X, which would have a [ai¥€ effe v,

Yi=aY, 1 +bX, +cZ, +¢ \s
X = pxXe—1 +dYi \s
Zy =pzZi — Y \s

Px Small (close to 0)
Big (close to 1)
b Big
< Small

X would die out relatively quickly because of the small AR(1) coefficient o

3. It would decrease future values of Z, which would have only a moderate effectil re
would persist for a relatively long time.

inflation to depart from expectations. When
this happens, GDP, interest and inflation rates
accordingly will depart from their long-run
levels, giving rise to the familiar dynamics of
the business cycle.

Econometrically, this balance of Keynes-
ian dynamics in the short run with Classical
equilibrium convergence in the long-run is
achieved by exploiting an error-correction
type framework in which short-run changes
in one variable are tied both to short-run
changes in other variables and in the devi-
ation in levels of those variables. The first
effect drives centrifugal forces in the mod-
el, generating standard business cyclical

JuLr cucvy

responses to shocks to spending, prices,
or financial market variables. The second
effect creates the centripetal force that
gradually brings the economy back to its
long-run equilibrium.

The fundamental difficulty in operational-
izing the consensus theory within an empiri-
cal, computational model is the centrality of
expectations in the story. Expectations are
difficult to quantify, let alone to predict. This
difficulty has given rise to three distinct mod-
eling approaches, all in common use today:

At one end of the spectrum are pure
time-series methods that require few,
if any, assumptions from economic

MIOUUT O AINALT TICO ULUDAL IMIACLRULLUUINUIMIIC IMIVULCL MDD nMuuvvuLuul

g-run stability, with Y converging to trend eventually, and (2) short-run shock prop-

ab edback mechanisms to other variables in

Ing up Y even further. But this effect through

in the future, though this effect

theory. These methods rely on highly
flexible, reduced form specifications
that “let the data speak.”

On the opposite end are models built
upon equations specifying mathemat-
ical solutions to a set of optimization
problems in microeconomic theory.
By imposing these strong assumptions
upon the data, these models seek to
uncover hidden truths rather than try-
ing simply to “fit” the data we observe.

In the middle of these extremes, gov-
erned equally by relationships support-
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About Moody's Analytics

Moody's Analytics provides financial intelligence and analytical tools supporting our clients’ growth, efficiency
and risk management objectives. The combination of our unparalleled expertise in risk, expansive information
resources, and innovative application of technology helps today's business leaders confidently navigate an
evolving marketplace. We are recognized for our industry-leading solutions, comprising research, data, software
and professional services, assembled to deliver a seamless customer experience. Thousands of organizations
worldwide have made us their trusted partner because of our uncompromising commitment to quality, client
service, and integrity.

Concise and timely economic research by Moody's Analytics supports firms and policymakers in strategic planning, product
and sales forecasting, credit risk and sensitivity management, and investment research. Our economic research publications
provide in-depth analysis of the global economy, including the U.S. and all of its state and metropolitan areas, all European
countries and their subnational areas, Asia, and the Americas. We track and forecast economic growth and cover specialized
topics such as labor markets, housing, consumer spending and credit, output and income, mortgage activity, demographics,
central bank behavior, and prices/ We also provide real-time monitoring of macroeconomic indicators and analysis on timely
topics such as monetary policy and sovereign risk. Our clients include multinational corporations, governments at all levels,
central banks, financial regulators, retailers, mutualfunds, financial institutions, utilities, residential and commercial real
estate firms, insurance companies, and professional investors.

Moody’s Analytics added the economic forecasting firm Economy.com to its portfolio in 2005. This unit is based in West Chester
PA, a suburb of Philadelphia, with offices in London, Prague and Sydney. More information is available at www.economy.com.

Moody's Analytics is a subsidiary of Moody's Corporation(NYSE: MCO). Further information is available at
www.moodysanalytics.com.

DISCLAIMER: Moody’s Analytics, a unit of Moody'’s Corporation, provides economicanalysis, credit risk data and insight,

as well as risk management solutions. Research authored by Moody's Analytics does not reflect the opinions of Moody's
Investors Service, the credit rating agency. To avoid confusion, please use the full company name “Moody’s Analytics”, when
citing views from Moody'’s Analytics.

About Moody's Corporatiof

Moody's Analytics is a subsidiary of Moody's Corporation (NYSE: MCO). MCO reported revenue of $4.8 billion in 2019,
employs more than 11,000 people worldwide and maintains a presence in more than 40 countries. Further information
about Moody's Analytics is available at www.moodysanalytics.com.
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