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R. Bardazzi
L. Ghezzi

Introduction

INFORUM! (Interindustry Forecasting Project at the University of
Maryland) is a research project started forty-five years ago by Clopper
Almon, now Professor Emeritus at the University. The focus is on the deve-
lopment of dynamic, interindustry, macroeconometric models to forecast
the economy behaviour in the long run.

Over the last decades, the INFORUM approach to model building has
been shared by economists in many different countries. Researchers have
focussed much of their efforts in developing a linked system of interna-
tional interindustry models with a consistent methodology. A world-wide
network of research associates use the same methods and software obtai-
ning comparable results. INFORUM partners have shared their researches
in annual conferences since 1993. The XXth INFORUM World Conference
was held in Florence in September 2012 and this volume contains a selec-
tion of works presented during the sessions. All these contributions share
an empirical and pragmatic orientation that is very useful for policyma-
kers, stakeholders, and applied economists. Some papers are devoted to
specific topics (total factor productivity, energy issues, external linkages,
demographic changes) and some others are oriented to model building
and simulations.

A special role in this volume is devoted to a key topic in economics,
especially prominent during the recent international crisis, that is strictly
interconnected with the economic development in the long run: the
analysis of factor productivity. The paper by Meade is aimed at designing
a comprehensive and internally consistent modelling framework for ‘mul-

! www.inforum.umd.edu.
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VIII R.Bardazzi, L. Ghezzi

tifactor productivity’. This modelling framework is integrated within the
INFORUM model of the U.S. economy which forecasts output, hours wor-
ked, investment, capital stocks and intermediate purchases in current and
constant prices. The Multi-Factor Productivity model presented is a useful
tool for understanding productivity growth of the U.S. economy in a consi-
stent and comprehensive way.

All other contributions are collected into two sections. The first one con-
tains some works focused on new models and software development. As
already mentioned, INFORUM models share a common structure and, mo-
reover, a common software, InterDyme, originally developed by Almon.
Model builders not only must have a deep knowledge of economic theory
butthey mustalso getacquainted with software packages and programming
languages. ‘PortableDyme’ is a development of the original INFORUM
software presented by GrofSimann, Hohmann and Wiebe which is aimed
at making the model building process easier, especially for beginners.
Tomaszewicz and Trebska build a new dataset for the Polish economy by
including the flow of funds accounts into the Social Accounting Matrix
and they apply IO techniques to this new set of integrated informa-
tion. A comparative analysis of results for Poland with other European
countries is provided as well. Household consumption is studied by
Ghezzi within a new multiregional modelling framework for Italy, the
Dante model. The strategy to model private consumption consists into
two blocks: the first one, at the aggregate level, is based on the Life Cycle
Hypothesis and it is used to obtain the total of resident consumption de-
tailed at the regional level; the second one is a system of equations to
produce an estimation of price and income elasticities for many diffe-
rent items at the national level. This system of equation is named PADS
(Perhaps Adequate Demand System) and it has been applied by several
INFORUM models. A multiregional model for Italy (MRIO) has been de-
veloped also in the work by Cherubini and Paniccia, MRIO). Important
methodological improvements in this work concern the multiregional
trade flows estimate procedure, thanks to the availability of unique sur-
vey data produced by Banca d’Italia. The model is used to investigate
changes of the Italian economic and productive structure at a sub-na-
tional level in the 1995-2006 period, with a special focus on the role of
spatial interdependencies among regions in the transmission of shocks.
Two specific issues are studied by the remaining papers of this session.
Werling and Horst investigate the effects of defense spending cuts on the
US economy using the LIFT model. The analysis is conducted to determi-
ne the economic and employment impacts of specific alternative scenarios
for federal defense spending cuts from 2012 to 2022 considering the ef-
fects on the U.S. economy as a whole, on the industrial composition of the
country, and the effects on each state. Finally, a medium term forecast of
the Russian economy is developed by Baranov, Gilmundinov, Pavlov and
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Tagaeva. The authors use a Dynamic input-output model disaggregated
for 64 industries and present forecasts for the period 2012-2015.

The second section of the volume is devoted to special issues analyzed
using a national perspective. The role of external linkages is very im-
portant for a ‘small economy’ and it is studied in the paper by Josef
Richter considering the role of tourism in the Austrian case, while the
development of trade patterns is explored by Ozolina and Auzina focu-
sing on the Baltic Republics. These analyses made it very clear that to
investigate these issues at the macro level gives a very limited perspec-
tive of the overall effects. The implications at the level of industries and
product groups are much more relevant and deserve special attention.
A role in the long run growth is for demography: two contributions in-
cluded in the book study in depth the impact of demographic changes
for large and rapid-growing economies such as China and Russia. For
the first country Li, He and Ni analyze the consequences on consumption
patterns given by the changing age structure of the Chinese population.
Furthermore, an I/0 model is used to study the impact of demographic
structural change on the economic and employment structure with a
comparative static perspective. The paper by Vadim Potapenko focuses
on the problem of financing the pension system in Russia. A simulation
of increasing social security contributions to support the growing pen-
sion payments given by population ageing is presented by the author.
Another issue we must pay attention in the simulation of the real economy
is the evolution of the energy sector. The selection of papers included in
this volume contains two works on this subject with different perspectives.
The main focus of the paper presented by Mullins, Viljoen and Mosaka is
on the analysis and forecasting of the petroleum sector in South-Africa.
The The South African Forecasting Inter-Industry Model (SAFRIM) is used
to study the evolution of demand for petroleum products and its impact
on the rest of the economy. Finally, shale gas resources in Poland are in-
vestigated in the work by Plich. Unconventional gas resources may have
significant importance for the national balance of energy and open up new
opportunities for Poland. Costs and benefits of the exploitation of these
new resources are described in the paper.

This collection of works follows several other publications of the
INFORUM group in the last decades. It is a further testimony that the
project founded in 1967 by Clopper Almon is well and alive, producing
new empirical researches and contributing to the debate on several crucial
issues for economic systems all over the world.






D. S. Meade

Multifactor Productivity Measurement and
Forecasting in the Inforum LIFT Model

The indicated importance of productivity increase may be
taken to be some sort of measure of our ignorance

Moses Abramovitz (1956)

This paper will describe some exciting new developments in the Inforum
LIFT model of the U.S. The model is grounded in a new set of detailed an-
nual input-output tables, derived by Inforum from U.S. data published by
the Bureau of Economic Analysis (BEA). This set of tables brings us closer
to the goal of developing an integrated model of multifactor productivity,
which is consistent at the industry and aggregate level.

Since economists first started to develop economic statistics and national
accounts, a motivating principal has been to measure the growth of the eco-
nomy, and discover its sources. Classical economists such as Smith, Ricardo
and Mill had observed that more output could be produced with a given
quantity of labor by employing machinery and other capital. But it wasn't un-
til the 1920s that comparable measures of labor and output became available,
and the first estimates of labor productivity growth appeared'. By the 1950s,
the concept of the production function became formalized, and the idea of se-
gregating growth in output per head into technical change and the availabili-
ty of capital per head caught on, especially after Solow’s (1957) introduction
of the aggregate production function. Solow’s work stimulated numerous
studies relating real value added growth to real capital and labor inputs, and
deriving the residual as a measure of technical change and other factors.

At the industry level, dissatisfaction with the real value added concept
stimulated the desire for a comprehensive measure of productivity that
would relate real gross output to capital, labor and intermediate inputs.

Douglas Shannon Meade: Inforum, University of Maryland, P.O. Box 451, College Park, MD
20740, meade@econ.umd.edu.

! The productivity program at the U.S. Bureau of Labor Statistics (BLS) is actually older than
the U.S. National Accounts, and BLS pioneered the measurement of output and employment
at the industry level. See Dean and Harper (2001).
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2 D. S. Meade

A convenient classification of intermediate inputs into the categories of
energy, materials and services led to KLEMS (capital, labor, energy, mate-
rials and services) databases and productivity studies. In either case, KL
or KLEMS, the resulting measure of productivity is called multifactor pro-
ductivity (MFP) defined as

Q

MFP = T (1)

where Q is real gross output, and I is a suitably defined aggregate of
real inputs.

Since June 2004, the U.S. Bureau of Economic Analysis has been develo-
ping and improving a time series of annual input-output (IO) tables, with
65 industries®. A satellite account is the BEA KLEMS dataset, which appor-
tions intermediate inputs to energy, materials or services®.

A new version of the Inforum LIFT model has been developed, which
is based on the 2002 benchmark IO table and the time series of annual 10
tables. All industry data in the new LIFT model is on the same sectoral
basis. These data include output, employment, investment, capital stocks
and value added components. As described below, a KLEMS dataset has
also been incorporated into LIFT, with the goal of dynamically forecasting
industry and aggregate MFP. The list of industry sectors and their defini-
tions in terms of the 2002 North American Industry Classification System
(NAICS) are shown in Appendix A.

The first part of this paper will discuss the background of MFP deve-
lopment in the U.S. and its current status. The second part will describe the
incorporation of an MFP module within the LIFT model, and present some
historical and forecasted results. The conclusion will evaluate the worthi-
ness of our exercise and chart some directions for extending and impro-
ving this work.

MFP: A Curriculum Vitae*
A Productivity Index

The measure of output per unit of input is more easily considered if we
ignore intermediate inputs for a moment, and write

pQ =wlL+71K (2)

2 Moyer et. al. (2004) describes the first release of this series, which was then based on a mo-
dified version of the U.S. 1997 Benchmark IO table. The most current release, described in
Gilmore et. al. (2011) includes tables from 1998 to 2010.

% First described in Strassner et. al. (2005) and now also available from 1998 to 2010.

* For a fuller biography, see Hulten (2001). This section owes a debt to that paper and to Grili-
ches (1996).
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where p is the price of output, w is the wage of labor, and r is the cost of
capital. If we deflate to a base year, say t = 0, we need to use a scaling factor
S to bring both sides into equality:

PoQ¢ = Se[woLe + 1oK¢] (3)

The variable S can be viewed as an index of output over input. This me-
thod of measuring productivity was mentioned by Copeland (1937), and
later implemented by Stigler (1947). Note that this index is basically a type
of Laspeyres index since it uses base period quantity weights. Its growth
rate over time is sensitive to the choice of the base period.

Production Functions, Sources of Growth and the “Residual”
Solow began the study of productivity using a production function with

a shift parameter:
Qr = AcF (K¢, Ly)] (4)

The shift parameter A was identified by Solow with technical change,
although it includes many other factors. It is related to the scaling factor
S described above, but is a more general indicator of output per unit of
input, or MFP. Without imposing a specific form on the production fun-
ction F, but making a few assumptions, we can derive an expression for the
growth of A over time.

First, logarithmically differentiate the production function (4):

) 0QK.K, 8QL.L, A
Q_0QK K 0QLL A (5)
Qt O0KQ:K: OLQ:L: A

If each input is paid the value of its marginal product:

a 1 a w
oQ =L and 9%e = (6)
0K p; oL p;
then we can write the unobserved output elasticities as income shares s:
A Q K, L
g, = e Qe kKo gl
A Q¢ K L¢

The total differential is the Solow residual, or the growth in output not
explained by the growth in inputs. Like S, it is an index number for MFP that
can be calculated from prices and quantities.

Equation (7) can be rearranged to show the relationship of the growth of
labor productivity to the growth of MFP and the change in the capital-labor
ratio. If we write Q/L as g, and K/L as k, then

qc A, K kt
—=—+45; — (8)
qc  Ae ‘ ke

The growth of labor productivity is the growth in MFP plus capital’s sha-
re times the growth in the capital-labor ratio.

(7)
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MFP in the Input-Output Framework

In most of the analyses based on the above approach, the measure of re-
al output Q used is real value added, usually obtained by double deflation.
This may be done with fixed weights, where deflated intermediates are sub-
tracted from deflated output, or using a chain index approach as is done by
the BEA in the U.S. However various researchers have found a production
model for real value added to be implausible®. Real value added is not a
measure of output, but is rather a hybrid of output less some inputs.

If data are available, a measure of real gross output can be related to
labor, capital and aggregates of intermediate inputs. An ideal dataset is a
time series of IO tables in current and constant prices, along with estimates
of labor and capital input and cost shares®. If intermediate goods are clas-
sified as energy (E), materials (M) or services (S), the production function
can be specified as:

Qe = AcF (K¢, Ly, Er, My, S¢)] 9)
where now Q is real gross output (not real value added) and the corre-
sponding MFP estimate is derived similarly to (7)
=ﬁ=&—s{‘&—sfh—sf&—s{"%—sfﬁ (10)
A Q¢ Ky Ly E¢ M, St

The intermediate value share weights are derived from the nominal IO
tables. The cost share for labor is the labor compensation over total nominal
gross output. The capital share is derived as the remainder. The intermediate
inputs are derived from a time series of constant price input-output tables.

When using discrete, annual data, it is common to estimate (10) using a
Torngvist index, in which the rate of change in each variable is approxima-
ted by the differences in logarithms, and the shares are the average of the
current period share and the lagged share.

Domar (1961) showed that industry and aggregate productivity growth
can be related using a set of ratios that sum to more than 1. Each indust-
ry share is derived as the industry nominal gross output divided by the
sum of value added (GDP) in all industries. This means that intermediate
transactions contribute to aggregate productivity by allowing productivity
gains in successive industries to augment one another.

Re

® Jorgenson, Gollop and Fraumeini (1987) perform tests on the existence of a value added
function and reject the hypothesis in 40 of 45 industries analysed. The existence of a K-L ag-
gregate, necessary for a measure of K-L productivity has also been explored by several inve-
stigators and rejected. Meade (2007) discusses the history and problems with the real value
added concept, and shows several examples of how the derivation of real value added can
lead to questionable results.

¢ Gullickson and Harper (1999, unpublished, I can furnish on request) discuss the characteri-
stics of the ideal IO dataset and the method of aggregating to the all economy MFP using the
Domar (1961) aggregation technique.
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The Measurement of Capital

Measurement problems abound for all components of the MFP calcula-
tion. For example, in many industries, the proper calculation of output pri-
ce, and therefore real output, may be based on indirect information or on
theoretically derived measures of quality. However, the question of the me-
asurement of capital has filled the equivalent of hundreds of books, and so
deserves a word.

Ideally, it is not the “quantity” of capital, as measured by real capital
stock, that should be important, but rather the flow of services provided by
capital goods’. Since this flow of capital services is not directly observable, in
practice we must make use of estimated stocks and assume that the flow is
related to that stock. If we have no detail on the composition of the stock by
asset type, then the stock/flow distinction is not relevant. However, if stock
information is maintained by industry and asset type, then we can make use
of the different service lives of different assets to derive weights to estimate
the total capital service flow by industry. The essential idea is that since so-
me assets depreciate quickly (computers) and others depreciate slowly (bu-
ildings), the contribution to service flow should reflect this. The service flow
idea is related to the concept of how much capital is “used up” each period in
producing output. This idea is also related to the user cost of capital, which
is defined as the total cost (interest, depreciation and revaluation adjusted by
tax incidence) of using a unit of capital for a definite period, such as a year.

A Short Review of Published Data for the U.S.

The Bureau of Labor Statistics (BLS) multifactor productivity program
has taken the lead in measuring both labor productivity and MFP at the in-
dustry and aggregate level. BLS produces two periodic releases: The Major
Sector Productivity program publishes annual measures of output per unit
of combined inputs for the private business, private nonfarm business, and
manufacturing sectors and for 18 NAICS 3-digit manufacturing industri-
es. The aggregate business measures are real value added per combined
unit of labor and capital input. The industry measures are derived using
the KLEMS method. These are published by BLS annually in “Multifactor
Productivity Trends in Manufacturing”®. The Industry Productivity pro-
gram publishes annual measures of output per unit of combined inputs for
86 4-digit NAICS manufacturing industries, the air transportation industry,

7 BLS (1983, Appendix C) and Harper (1999) discuss the capital measurement within the BLS
MEFP program. Jorgenson, Gollop and Fraumeini (1987) describe an ambitious attempt to me-
asure capital service flows by industry.

¢ The latest release can be found at http://www.bls.gov/news.release/pdf/prod5.pdf, publi-
shed June 2012, with estimates through 2010.
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and the line-haul railroad industry. A separate program estimates MFP for
nonmanufacturing industries. These estimates are derived using the KLEMS
method’.

As mentioned above, the BEA has been producing a set of “KLEMS” ac-
counts since June 2005. These data are derived from the detailed database
underlying the annual IO tables and GDP by industry. The intermediate data
is divided into energy, materials and services, and show total nominal cost,
chained quantity indexes and chained price indexes for each major compo-
nent. Detailed intermediate data underlying the estimates is also available.
All data are currently published from 1998 to 2010, with an update expected
in December 2012. BEA does not publish quantities and costs of labor and
capital with this dataset, but the ingredients necessary for constructing the-
se components are available elsewhere within BEA. The GDP by industry
database does show total labor compensation and gross operating surplus,
which are needed to estimate the labor and capital cost shares by industry.

The BEA Fixed Assets database contains a wealth of information relating
to investment and capital stocks'. The Fixed Assets tables present detailed
estimates of net stocks, depreciation, and investment by type and by indust-
ry (for nonresidential fixed assets only) for private residential and nonresi-
dential fixed assets, and consumer durable goods. Also included are detailed
price indexes for nonresidential fixed assets and implied rates of deprecia-
tion for selected aggregates by industry. These data are used within BEA to
derive depreciation estimates by industry, but are also used by BLS in the
MFP program described above.

Incorporation of MFP into the LIFT Model
Overview of LIFT

The LIFT model (Long-term Interindustry Forecasting Tool) is the U.S.
representative of the INFORUM style interindustry macroeconomic (IM)
model™. As is typical of this family of models, the LIFT model builds up
macroeconomic aggregates such as employment, investment, exports, im-

° The latest release can be found at http://www.bls.gov/news.release/pdf/prin3.pdf, publi-
shed September 2011, with estimates through 2009.

10 Cost, quantity indexes and price indexes for E, M and S are available at http://www.bea.
gov/industry/gdpbyind_data.htm, in the link labeled “GDPbyInd_KLEMS_NAICS”. Detailed
intermediate estimates are available at http://bea.gov/industry/more.htm, in the link labeled
“1998-2010 KLEMS Intermediate Use Estimates”.

" The Fixed Assets data are available at http://www.bea.gov/iTable/index_FA.cfm. The latest
data are described in Bennett et.al. (2011).

12 Grassini (2001) portrays the typical features of an INFORUM model. Meade (1999) introdu-
ces an earlier version of the current model.



Multifactor Productivity Measurement and Forecasting in the Inforum Lift Model 7

ports and personal consumption from detailed forecasts at the industry or
commodity level. This modeling framework is not only applicable to scena-
rio analysis where the interaction of macroeconomic and industry behavior
is important, but also for the development of satellite models to study issues
such as energy use, greenhouse gas emissions or research and development
expenditures. In the current study, we make use of the consistent database
of IO tables in current and constant prices, detailed investment and capital
stock matrices, and the full set of value added history and forecast in the
LIFT model to compile historical and projected measures of MFP by industry
and for the aggregate economy.

The newest version of LIFT is based on the U.S. 2002 Benchmark IO table,
and a series of annual IO tables from 1998 to 2010. INFORUM has compiled
a time series of estimates of the detailed IO framework at the 399 commodity
level, using information from the 2002 Benchmark, the annual IO, and ti-
me series of industry output from BEA and commodity imports and exports
from the Census Bureau. A new version of the Iliad 360 commodity model of
the U.S. has been developed based on these same data.

All industry data in LIFT is now classified according to the same secto-
ring scheme, listed in Appendix A, along with the 2002 NAICS concordance.
These industry data include employment, hours, labor compensation and
other value added components, investment and capital stock, and industry
output. The LIFT model has 110 commodities, and this is the level of detail
maintained for the IO table, final demands and commodity output. The IO
quantity and price solutions are calculated at the commodity level. Value ad-
ded at the industry level is bridged to the commodity level using an industry
to commodity value added bridge, and the commodity output solution is
converted to industry output using a commodity output proportions matrix.

The typical forecast horizon of LIFT is to 2035, although many studies are
done with a shorter forecast period. Long-term forecasting for the Medicare
Trust Fund Panel is done to 2085, with a slightly modified version of the
model. All ingredients necessary to calculate MFP are available through the
forecast horizon.

Building KLEMS Accounting into LIFT

There are three main tasks involved into building a KLEMS module into
LIFT. These are:

¢ Estimating current and constant price intermediate consumption
by industry, divided into energy, materials and purchased services
aggregates.

'3 Meade (2009) is an example of using an expanded module for crops and biofuels to study
economic impacts of increased ethanol production and use in the U.S.
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* Estimating capital stocks by industry for equipment and structures.

* Incorporating LIFT data on hours worked, labor compensation and con-
stant and current price output by industry.

Before describing step 1, we should first say a few words about the deri-
vation of the IO database used for the LIFT model. This database uses detail
from the 2002 Benchmark U.S. IO table and the series of U.S. annual IO ta-
bles, combined with detailed data on imports, exports and industry output
to create a time series of detailed make and use matrices from 1998 to 2010™.
These are then converted annually to a product-to-product table, based on
commodity technology, as described in Almon (2000). The entire framework
is converted to constant prices by deflating output by domestic output de-
flators, deflating imports by imports deflators, and deflating the rest of each
row implicitly in a way that preserves the row sum in constant prices.

In the first step we first convert the recipe matrix derived above in flows
to a 110 by 65 use table, using the formula:

U=RM’ (11)

where U is the “new use” matrix described by Almon, and M is the 65
by 110 matrix formed by dividing each cell of the make table by the column
total. Once we have obtained this matrix, it is almost straightforward to
combine inputs by industry into the energy, materials and services aggre-
gates®. Several exceptions to the general classification were made when an
energy product was used in the form a material feedstock input, such as
natural gas into chemicals or plastic, or where primary fuels were consu-
med in producing a final energy output, such as the fuels used in electric
utilities. Crude petroleum converted to petroleum products is classified as
a material input. The U matrix is also deflated to constant dollars and the
same aggregates are calculated in constant prices.

Capital stocks for equipment and software investment by industry are de-
rived from the time series of investment by industry in the LIFT model. There
is still no detailed accounting of structures investment and capital stock by
industry. We have derived the structures investment and capital stock kee-
ping an eye on estimates of net stock from the BEA Fixed Assets database.

The derivation of the labor component is straightforward, and LIFT
maintains historical and forecast data on labor hours worked and total la-

* There are two versions of the benchmark and annual IO tables produced by BEA. The first
version, known as ‘Standard” on the BEA website, is before redefinitions, where industry output
can be easily related to industry data on shipments and inventory change produced by the Eco-
nomic Census. The second version, known as ‘Supplemental’, is after redefinitions, where certain
components of commodity output have been moved from one industry to another to achieve
a table closer to a pure product basis. We start with the after redefinitions tables in our work.

> “Energy’ commodities in LIFT are the following: Crude oil extraction (4), Natural gas ex-
traction (5), Coal mining (6), Electric utilities (10), and Natural gas utilities (11). ‘Materials’
commodities are 1-3, 7-8, and 15-60. Services are 9,12-14 and 61-104. See Appendix A for the
commodity definitions.



Multifactor Productivity Measurement and Forecasting in the Inforum Lift Model 9

bor compensation. Industry output is also calculated by the model, using
the M matrix described above.

The Tornqvist index formula is used to estimate the growth in the MFP
index based on equation (10). The cost shares are estimated as follows:
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where variables with an ‘N’ indicate nominal values.
Since the index relies on the growth between two periods, the average
share is used: ] ] ]
8} = (s +s{,_D/2 (13)
The growth rate (gr) below is calculated as the difference in logarithms:
gr(A)=gr(Q) - 5{gr(K) — 55gr(L) - 5gr(E) — 5}{ gr(M) = 55, gr(S) (14)

The index A of MFP can then be derived, and is normalized to equal
100 in 2005.

Notable Trends and Stylized Facts

To the best of our knowledge, no one has embodied a set of KLEMS ac-
counts for the U.S. into a dynamic IO model. Although the database un-
derlying LIFT is unique, it is based on publically available data. It would
be useful to find out how our results compare with others, such as BLS. In
this section we elucidate some general industry trends, and see how the
MFP calculations from our database compare with the BLS MFP releases for
manufacturing.

Table 1 summarizes the composition of gross output derived from the
BEA value added data and the Inforum current price IO tables, over the
1998-2010 period. Input cost shares are expressed in percentages, for th-
ree major aggregations of industrial sectors. The first section of the table
shows the composition for all private industries, the middle section shows
the composition for the goods-producing industries, and the third section
is for the service industries'®. Within each industrial grouping, inputs are
divided into value added or intermediate inputs.

The period of our data includes a period of strong economic growth in
the late 1990s, a slowdown in 2001, and then moderate growth from 2002 to
2007. The period from 2007 to 2010 is a period of slower economic growth,
along with declines in commodity prices from 2009 to 2010. Although the

1o All private industries include 1-61 from table A-1. Goods producing industries are 1-5 and
7-26. Services are 6 and 27-61.
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cost shares in the private economy are fairly stable over this period, the share
of value added falls from a high of 54.8 percent in 2003 to 52 percent in 2007.
The year 2007 is marked by a decline in the share of gross operating surplus
to 20.7 percent, but this share has risen to a high point of 22.5 percent by
2010. The share of energy in total output is 1.7 percent in 1998, but reaches
as high as 2.3 percent in several years, particularly in periods with relati-
vely high energy prices. The share of purchased services shows a continued
upward trend over the period, with only a slight decline from 2008 to 2010.

Table 1 — Components of Gross Output by Major Sector
1998 2000 2003 2005 2007 2010

All Industries 100,0 100,0 100,0 100,0 100,0 100,0
Value added 54,7 53,4 54,8 52,8 52,0 53,9
Compensation of employees 284 286 287 273 271 272
Taxes on production 4,3 4,0 4,3 4,2 4,2 4,3
Gross operating surplus 220 208 21,7 21,3 207 225
Intermediate inputs 45,3 46,6 45,2 47,2 48,0 46,1
Energy 1,7 2,3 19 2,3 2,3 2,0
Materials 17,9 17,2 15,7 17,1 17,5 16,1
Purchased services 25,7 27,1 27,7 27,8 28,2 28,0
Private goods-producing Industries 100,0 100,0 100,0 100,0 100,0 100,0
Value added 36,1 34,5 35,5 31,9 30,0 31,1
Compensation of employees 22,3 229 23,2 20,6 19,9 19,9
Taxes on production 1,0 0,9 1,2 1,1 1,3 1,6
Gross operating surplus 12,8 10,7 11,1 10,1 8,8 9,6
Intermediate inputs 63,9 65,5 64,5 68,1 70,0 68,9
Energy 2,3 3,1 2,7 3,6 34 3,0
Materials 40,0 39,8 38,5 41,3 43,1 42,7
Purchased services 21,6 22,6 23,3 23,3 23,5 23,2
Private services-producing Industries 100,0 100,0 100,0 100,0 100,0 100,0
Value added 64,8 62,9 63,4 62,6 62,2 63,2
Compensation of employees 31,7 31,4 31,2 30,4 30,4 30,1
Taxes on production 6,0 5,6 5,7 5,7 5,6 54
Gross operating surplus 27,1 25,9 26,5 26,5 26,3 27,7
Intermediate inputs 35,2 37,1 36,6 37,4 37,8 36,8
Energy 14 1,9 1,5 1,8 1,7 1,6
Materials 59 58 55 57 5,6 53
Purchased services 27,9 29,4 29,7 29,9 30,4 29,9

The distributions of the cost shares between goods- and services-produ-
cing industries are strikingly different. The intermediate share of goods in-
dustries varies between 63 and 70 percent, with a high of 70 percent in 2007.
The intermediate share of the services industries is slightly more than half
of that, varying between 35 and 38 percent. The services industries have a



Multifactor Productivity Measurement and Forecasting in the Inforum Lift Model 11

higher share of value added to total output. The labor compensation compo-
nent of value added is larger than that of the goods industries, but the gross
operating surplus share is much larger, between 25 and 27 percent, compa-
red to a share of 9 to 13 percent for the goods industries. Finally, within the
intermediate component, the goods industries purchase a much larger per-
centage of both energy and materials inputs, and the services industries pur-
chase a high share of purchased services.

Table 2 shows the underlying data for 6 selected industries in 2010, and
brings out the variation we observe between industries at this level. Oil and
gas extraction has a fairly high share of gross operating surplus (18.1 per-
cent), since it is a capital intensive industry. Purchased services also account
for a high share of the costs (38 percent). However, the share of labor com-
pensation in this industry is small, only 12 percent. Retail trade and hospitals
on the other hand, have a much higher share of labor compensation (41.2
and 50.8 percent). Taxes on production and imports (TOPI) are high in Oil
and gas (energy taxes), Retail trade (sales taxes) and Accommodations (ho-
tel and sales taxes). In 2010, the Computer and electronics industry actually
shows negative gross operating surplus. The overall value added share of
output ranges from only 23.7 percent in Chemicals to 69.7 percent in Retail
trade. The variation in materials use is also quite striking, from a low of 3.1
percent in Retail trade to 41.3 percent in Chemicals. Computers and electro-
nic products are also quite high, at 33.7 percent.

Table 2 — Components of Gross Output: Selected Industries, 2010
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Total 100,0 100,0 100,0 100,0 100,0 100,0
Value added 41,4 69,7 63,7 23,7 60,8 27,6
Compensation of employees 12,0 41,2 38,1 13,9 50,8 34,3
Taxes on production 11,3 14,9 12,2 1,1 2,1 1,6
Gross operating surplus 18,1 13,6 134 8,8 7,8 -8,3
Intermediate inputs 58,6 30,3 36,3 76,3 39,2 72,4
Energy 4,1 1,2 3,0 7,7 15 0,6
Materials 16,5 3,1 43 41,3 9,2 33,7
Purchased services 38,0 25,9 28,9 27,2 28,5 38,1

The cost shares surveyed in tables 1 and 2 are used in developing the
weights (in equation 14) for the growth of each input in the construction of
MEP by industry. The other important components in the MFP calculation are
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the growth rates of outputs and KLEMS inputs by industry. Table 3 sum-
marizes the aggregate sectors output and inputs growth rates over selected
periods.

Overall, growth in real private output over the period for all industries
was 1.4 percent, but output of goods actually declined over the period at -1.0
percent, while services output increased at 2.5 percent. The sub periods we-
re chosen to highlight the effects of the “dot-com” recession in 2001, and the
global slowdown that started in late 2007 or early 2008. Total output growth
in the first period, from 1998 to 2001 was 3.1 percent, but goods output de-
clined slightly during this period, whereas service industries grew quite ra-
pidly (4.9 percent). The second period includes the 2001-2002 slowdown,
but also the period of rapid growth from 2004 to 2007. Average growth of
all output (2.3 percent) is somewhat slower than the first period, with the
slowdown occurring mostly in services (2.9%). Manufacturing industries’
output increases over this period (1.0 percent). In the period 2007 to 2010,
overall growth is negative (-2.0 percent), but the decline is concentrated in
manufacturing (-5.4 percent), with services declining by only 0.6 percent.

Table 3 — Aggregate Real Output and KLEMS Real Inputs
Average Annual Growth Rates

1998-2001  2001-2007  2007-2010  1998-2010

All Private Industries

Output 3,1 2,3 -2,0 14
Inputs
(K) Capital stock 8,2 3,0 -0,4 3,4
(L) Labor hours 0,7 0,8 -2,5 -0,1
(E) Energy 7,4 43 -7,0 2,2
(M) Materials -0,8 1,5 -5,2 -0,8
(S) Services 5,5 3,4 2,2 2,5
Private goods-producing Industries
Output -0,3 1,0 -5,4 -1,0
Inputs
(K) Capital stock 3,0 1,8 -1,2 1,3
(L) Labor hours -0,8 -0,7 -6,5 2,2
(E) Energy 4,8 -2,8 -10,5 -3,0
(M) Materials -1,4 1,7 -6,3 -1,1
(S) Services 2,1 3,1 -5,7 0,6
Private services-producing Industries
Qutput 4,9 2,9 -0,6 2,5
Inputs
(K) Capital stock 11,1 3,5 -0,1 44
(L) Labor hours 1,2 1,3 -1,3 0,6
(E) Energy 9,6 -5,5 -3,9 -1,5
(M) Materials 15 0,9 -1,9 0,3

(S) Services 6,9 3,5 -1,1 3,2
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Table 4 — Chemicals Industry: Real Output, Inputs and Productivity Measures
Average Annual Growth Rates

1998-2001 2001-2007 2007-2010 1998-2010
Output -0,4 34 -6,0 0,1
Inputs
(K) Capital stock 2,3 0,3 1,7 1,2
(L) Labor hours -2,0 -1,3 -2,8 -1,9
(E) Energy 2,4 0,9 -7,0 -0,7
(M) Materials -2,2 4,8 -8,1 -0,4
(S) Services 4,4 51 -3,8 2,6
Productivity
(K) Capital stock -2,7 3,1 -7,5 -1,1
(L) Labor hours 1,6 4,8 -3,3 1,9
(E) Energy -2,8 2,5 1,1 0,8
(M) Materials 18 -1,3 24 04
(S) Services -4,7 -1,6 -2,3 -2,5
Multifactor Productivity -0,8 0,3 -0,4 -0,2

Table 4 shows some of the underlying information used to calcula-
te MFP for the Chemicals industry (NAICS 325). Real output growth is
shown in the top line. The next part of the table shows real KLEMS in-
puts growth. The bottom section shows productivity in relation to each
KLEMS input. For example, the line for Labor hours is the well-known
measure of labor productivity growth. Finally, the calculated multifactor
productivity is shown as the bottom line of the table.

Real output growth for this industry averaged only 0.1 percent over
the period, with a period of faster growth (3.4 percent) from 2001 to 2007.
This industry has suffered from the global financial crisis, with a growth
rate of -6.0 percent from 2007 to 2010. Labor hours worked has declined
throughout the period, but the most rapid decline was also in the 2007-
2010 period. Both energy and materials use declined faster than output in
the 2007-2010 period. Services inputs also declined (-3.8 percent), though
not as fast as output.

Productivity growth with respect to each input component shows a
mixed picture. Labor productivity growth averages 1.9 percent over the
1998-2010 period, but labor productivity actually declined between 2007
and 2010. Services productivity declines throughout the period. This could
be due to outsourcing, change in output mix (a switch within Chemicals to
detailed industries that consume more services, such as Pharmaceuticals),
or increased use of R&D and technical services. Materials productivity im-
proves in every sub period except for 2001 to 2007.

The bottom line is multifactor productivity growth, which can be un-
derstood as a weighted average of the productivity growth with respect



14 D.S. Meade

to each KLEMS input. MFP as measured in our framework declines on
average during the period, at -0.2 percent, though there is a small increa-
se (0.3 percent) during the 2001-2007 period.

How do our calculations for MFP compare to those of BLS? Table 5 is
a comparison of the growth rates of MFP for manufacturing industries
between the Inforum and the BLS estimates. This table shows significant
and at this point unexplained differences between the two sets of estima-
tes. In the next section, we will discuss some considerations that may af-
fect the estimates, and compare our approach with what we know about
the BLS approach.

Table 5 — Comparison of Inforum and BLS MFP for Manufacturing Industries

Average Growth Rate 1998-2010

Inforum BLS Correlation

Manufacturing 0,8 1,9 0,806
Nondurables 04 0,7 0,045
Food, beverages & tobacco -0,6 0,2 -0,225
Textiles 2,1 0,7 0,730
Apparel & leather 0,4 3,5 0,170
Paper 1,1 0,2 0,663
Printing 0,9 0,8 0,917
Petroleum & coal 0,8 0,3 -0,381
Chemicals -0,2 1,0 -0,152
Plastics & rubber 0,3 0,8 0,448
Durables 1,1 2,9 0,969
Wood products 1,1 1,6 0,830
Nonmetallic minerals 0,1 -0,7 0,045
Primary metals -0,9 0,5 0,196
Fabricated metal products 0,3 0,5 0,398
Machinery 14 14 0,892
Computers & electronics 2,3 10,5 0,941
Electrical equipment & appliances 1,2 1,0 0,750
Transportation equipment 1,3 0,8 0,667
Furniture 1,6 0,5 0,558
Miscellaneous manufacturing 1,7 2,7 0,917

The growth rate for all manufacturing is lower in the Inforum data,
0.8 percent compared to 1.9 percent of BLS. BLS is only slightly higher
for nondurables (0.7 percent compared to 0.4 percent for Inforum), but
quite different for durables. The largest difference is for computers and
electronics. Inforum does not make use of the hedonic deflator for com-
puters espoused by BEA and BLS, but rather uses a deflator that falls mo-
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re gradually. The third column of the table shows the simple correlation
between the two series. The correlation is actually negative in three indu-
stries. For all manufacturing, it is .806, and a surprising .969 for durables.
The correlation for nondurables is small, only 0.45. The graphs below in
Figure 1 show some example comparisons. Both measures have been in-

dexed to equal 100 in 2005.

Figure 1 — Comparisons of Inforum and BLS MFP Calculations
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Figure 1 — Comparisons of Inforum and BLS MFP Calculations (continued)
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Issues Relating to the Measurement of MFP

Inforum and BLS are both using equation (10) to calculate MFP.
Differences in the calculations shown in the tables and graphs above ultima-
tely relate to differences in the measures of output, inputs, or nominal cost
shares. We will touch on some of these issues in this section. More informa-
tion on the compilation of the Inforum data is in Appendix B.

Nominal Output

The Inforum series on nominal output is based on the benchmark 10
table, the annual IO tables, and the detailed gross output series published
by BEA. BLS constructs its own measures of industry output based on da-
ta from the economic censuses and annual surveys from the Bureau of the
Census and other sources. BLS also prefers to use a concept known as ‘sec-
toral” output, in which the diagonal component of intermediate has been
removed from both output and inputs. Inforum has used gross output, and
we have found that removing the diagonal does not affect the growth rate of
output substantially.

Output Price

The Inforum output prices are based on those compiled by BEA as
part of its gross output series, except that Inforum has chosen not to use
the rapidly declining hedonic deflators for Computers (NAICS 334111),
Computer storage (334112) and Semiconductors (334413). The Inforum
deflator for Computer and electronic products still declines in the period
1998-2010, but not as rapidly as the BEA deflator.
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Figure 2 — Computer Deflator
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Note that the different treatment of the computer deflator results in slo-
wer real growth of computer output, as evidenced by the vastly different
growth in MFP between Inforum and BLS shown in table 5. This contri-
butes significantly to the different rate of growth of durable manufactu-
ring MFP as well. Since computers are also an important share of capital
equipment investment, the Inforum computer deflator leads to a slower
measured growth in real capital stock than BLS or BEA". Using a more
slowly growing computer deflator removes some of the apparent contribu-
tion to aggregate MFP from the computer industry, and re-allocates that to
computer-using industries.

Capital

Capital input is ideally measured as a flow of capital services. One issue
in the measurement of capital is to decide which types of capital to inclu-
de. BLS includes equipment, structures, land and inventories. Inforum at
present includes only equipment and structures. BLS assumes that real ca-
pital input is proportional to stocks, and maintains stocks at a detailed as-
set level for each industry. Since each type of asset has a different average
service life, the service flow to stock ratio is different for each asset. The net
stock and the service flow are both based on fixed “efficiency schedules”

7 Meade (2001), pp. 165-167 presents the several of the main arguments against using the
BEA/BLS computer deflators. See also Almon (2012), pp 25-26 for a discussion of the pro-
blems of using the hedonic computer deflator in economic model building.



18 D.S. Meade

adopted for each type of asset. Inforum calculates an average service life
for each industry, based on the average composition of assets of each type,
and then uses this average service flow to calculate “spill” out of the stock
and to derive the net stock.

BEA’s measure of net stock aims to measure the value of capital go-
ods, as the net present discounted value of future services. They use a pat-
tern similar to exponential depreciation where a large share of the value of
each asset is lost in the first few periods. BLS aims to capture a measure of
“productive capital stock” in its efficiency schedules, where a slower initial
depreciation reflects the fact that new capital goods lose their efficiency
slowly at first. Inforum by using a “two-bucket” system for estimating de-
preciation and capital stock, is closer to the BLS. Figure 3 shows the diffe-
rence in constructing a “one-bucket” (exponential) vs. “two bucket” capital
stock in G7, based on a one dollar initial investment in 1980.

Figure 3 — Exponential vs. Two-Bucket Capital Stocks
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BLS uses the BEA investment deflators to deflate new gross investment.
Inforum uses a set of Inforum-derived deflators that are based on the 10
commodity prices and a capital flow or “B-matrix” that shows the compo-
sition of investment by asset for each industry over time.

Jorgenson and Griliches (1967) suggest adjusting the capital input me-
asure by an estimate of capital utilization, and use electricity consumption
as an indicator of utilization. They find that this adjustment reduces the
residual and attributes a larger part of output growth to changes in capital
input. BLS has chosen not to adjust for utilization, and Inforum is consi-
stent with BLS in this regard.
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Labor

Labor input in the BLS KLEMS-based MFP estimates consists of to-
tal hours worked, unadjusted for skill or wage levels. The BLS Current
Employment Statistics and Current Population Survey are used to combine
data on production and supervisory workers hours. Inforum current deri-
ves its data on employment and hours from the BEA data which are publi-
shed as part of the National Income and Product Accounts (NIPA). Note
that BEA includes, but BLS excludes an adjustment of misreporting for tax
purposes. This can be an important factor in industries such as Retail tra-
de or Construction. The BLS measure includes estimates by industry for
self-employed and family workers, whereas the BEA does not. However,
Inforum has made use of BLS data to estimate this component of total
hours to add to the BEA-based data. Inforum is using BEA derived labor
compensation from the NIPA to estimate the labor cost share. BLS uses an
hourly wage index constructed from BLS surveys.

Energy, Materials and Services

Inforum has constructed a set of energy, materials and services aggre-
gates from a set of detailed balanced IO tables in current and constant pri-
ces, now available from 1998 to 2010. We have compared our estimates to
those constructed by BEA, and found some differences may be due to the
following;:
¢ Inforum constructs a purified “product-to-product” table at the 399 sec-

tor level in current prices. In the LIFT model, this has been aggregated

to a 110 by 65 commodity by industry “New Use” matrix. This will dif-
fer from the BEA Use matrix used to construct the BEA KLEMS data.

¢ The BEA KLEMS data are based on unpublished detailed tables that
underlie the published annual IO make and use tables. These of course
may differ from the parallel tables estimated independently by Inforum.

¢ The deflation of the BEA KLEMS to constant prices is not documented
by reference to a published set of constant price IO tables. The constant
price estimates differ more than the current price estimates of E, M and
S between Inforum and BEA.

e BEA aggregates the inputs in purchasers’ prices, whereas Inforum uses
producers’ prices. Inforum’s choice leads to a larger “service” compo-
nent for each industry, as this is where wholesale and retail trade and
the various transportation margins are classified.

BLS makes its own estimates of energy, materials and services, from yet
another IO database. This IO framework is developed by the BLS Office of
Economic Projections, and consists of a time series of current and constant
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price tables at about 190 sectors, based on the BEA data, but using BLS
methodologies to estimate a time-series from 1993 to 2010". The BLS E,
M & S estimates are further adjusted to bring them into consistency with
other data BLS has compiled for the MFP project. We have not yet made an
exhaustive comparison of the Inforum and BLS EMS estimates.

Aggregation

Both the BLS and BEA make extensive use of chained index number
techniques to aggregate the detailed inputs and outputs. BEA generally
uses the Fisher chained index, whereas BLS has chosen the Tornqvist ag-
gregation formula for almost all of its needs. The data that Inforum has
used for this project is aggregated by simple adding up. While this may
lead to substitution bias, we have found that it is simpler to check the ag-
gregates using this method. A comparison of the aggregation techniques
would highlight how important this issue actually is.

Projections of MFP

The new version of the LIFT model has an MFP function added, that
forms the KLEMS components and moves forward the historical estimates
of MFP, using the same data and techniques that were used to calculate
MEP in the historical period. The MFP function simply reports the calcu-
lated MFP by industry, based on the forecasted LIFT inputs and outputs,
including labor hours worked and capital stock.

The development of this modeling capability was motivated by work
Inforum has been contracted to do for the Center for Medicare and Medicaid
Services (CMS), and the U.S. Federal Aviation Administration (FAA). CMS
is interested in historical and forecast rates of MFP growth to assist it in
calculating allowable increases in the cost of services by health care provi-
ders, which is an element of the Patient Protection and Affordable Care Act
passed in March 2010. The FAA is interested in studying how increases in
air transportation MFP affect the costs and productivity of industries that
use air transportation.

Including the module within LIFT is useful in the following ways:

e Forecasts of labor, capital and other factors can be examined for rea-
sonableness by comparing projected MFP growth rates with historical
growth rates. This provides an independent check on both the labor
productivity and the capital investment equations.

* Alternative scenarios can be studied to analyze the effect of exogenous
changes in other variables on MFP, or to examine what changes in la-

'8 These data can be accessed at http://www.bls.gov/emp/ep_data_input_output_matrix.htm.
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bor, capital and other factors would be necessary to achieve a certain
rate of MFP growth.

e By assuming fixed or constant pre-specified rates of future MFP growth,
we could impose a direct link between capital investment and labor
productivity, which is difficult to establish empirically using industry
time-series data.

® The effects on MFP of alternative trends in the efficiency of energy use
or the use of other intermediate inputs can be traced.

e Since LIFT calculates prices endogenously, from the bottom-up, the im-
pacts of alternative growth rates of MFP on industry price growth or
aggregate inflation can be determined.

The LIFT model with MFP was run to 2030 using the current Inforum
Summer 2012 Outlook forecast. Table 6 summarizes the growth rates of
MEP for 61 private industries in the forecast, comparing the 2010 to 2020
and 2020 to 2030 growth rates with the historical growth from 1998 to 2010.
For some 20 industries, the projected MFP growth rates show a smooth
transition from history, with either a gradual rise or decline from the histo-
rical rate.” Other industries show significant changes. For example, MFP in
all of the mining industries had negative growth between 1998 and 2010,
but has positive growth of over 1 percent in the forecast. About 20 indu-
stries display this switch from negative to positive MFP growth. For the re-
maining 20 industries, the results are somewhat in between, with projected
growth generally increasing between 0.5 and 1.0 percent from the 1998-
2010 historical period.

These differences could be due to the fact that the historical period we
are using is relatively short, and includes 3 years of significant economic
slowdown, whereas the forecast is generally smoother and does not inclu-
de any deep recessions.

Table 6 — Historical and Forecast MFP by Industry
Average Annual Growth Rates

1998-2010 |2010-2020 2020-2030
32 Truck transportation 0,4 1,0 0,7
33 Transit and ground passenger transportation -1,1 -0,3 -04
34 Pipeline transportation 1,7 -0,4 -0,5
35 Other transportation and support activities 1,1 1,2 1,2
36 Warehousing and storage 1,2 1,8 1,6
37 Publishing industries (includes software) -0,7 2,0 1,7
38 Motion picture and sound recording industries 0,7 1,7 1,1
39 Broadcasting and telecommunications 2,7 1,8 1,7

9 This includes industries 11-13, 16, 20, 24, 26-27, 29-30, 35, 40-42, 49, 59 and 60.
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Table 6 — Historical and Forecast MFP by Industry (continued)
Average Annual Growth Rates

1998-2010 |2010-2020 2020-2030
40 Information and data processing services 4,1 3,3 2,2
41 Federal Reserve banks, credit intermediation 1,5 1,5 1,5
42 Securities, commodity contracts, and investments 2,7 2,0 14
43 Insurance carriers and related activities -0,8 1,6 15
44 Funds, trusts, and other financial vehicles 0,4 1,9 1,4
45 Real estate -0,7 2,3 1,7
46 Rental and leasing services and lessors of intangibles -0,2 2,9 2,9
47 Legal services -3,0 1,9 1,9
48 Miscellaneous professional, scientific and technical services -0,6 1,8 1,8
49 Computer systems design and related services 2,2 31 2,5
50 Management of companies and enterprises -0,3 2,3 1,9
51 Administrative and support services -0,3 1,7 1,6
52 Waste management and remediation services -0,8 0,9 1,0
53 Educational services -1,4 0,7 1,2
54 Ambulatory health care services 0,2 1,7 1,8
55 Hospitals and nursing and residential care facilities -0,2 1,3 2,0
56 Social assistance 0,3 1,6 1,3
57 Performing arts, spectator sports, museums 0,5 1,6 1,4
58 Amusements, gambling, and recreation -0,9 1,7 1,4
59 Accommodation 1,7 1,6 1,2
60 Food services and drinking places 0,8 0,9 0,8
61 Other services, except government -1,8 1,5 1,3

Conclusions and Extensions

The goal of this project has been to create a comprehensive and inter-
nally consistent modeling framework for multifactor productivity. This
modeling framework is integrated within the database of the Inforum LIFT
model of the U.S. which forecasts output, hours worked, investment, capital
stocks and intermediate purchases in current and constant prices. In many
respects, this database satisfies the underlying requirements of a set of “pro-
duction accounts”, as defined in Fraumeini (2006). A consistent set of such
accounts allows for the analysis of the interrelationships of structural chan-
ge, outsourcing, changes in import and export patterns, labor and multifac-
tor productivity and wage and price changes. A serious difficulty with the
U.S. data, which is also described in the Fraumeini paper and the comments
by Corrado, is that there are two large government agencies (BEA and
BLS) producing statistics and components necessary for building this fra-
mework, but that there are differences in methodology, definition, coverage
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and approach that create inconsistencies. For the most part, Inforum has

adhered to the BEA data for IO tables, output, investment, employment, va-

lue added and prices. BEA does not publish a constant price IO framework,
although they must generate one internally to derive the (KL)EMS estima-
tes in real terms. Inforum has traditionally built its models using constant
price IO tables, but only recently has BEA provided enough source data to
attempt to build a balanced time series of tables in current and constant pri-
ces. Inforum is probably the only organization that compiles a time series of
product-to-product tables for the U.S., and intermediate estimates derived
from such a “recipe” matrix will differ from those derived by BEA or BLS.

To extend and improved what has been developed so far, we anticipate
that we will:

e Derive detailed matrices of capital stock by industry by asset for
equipment and structures, and experiment with Tornqvist or Fisher
chain-aggregation (using asset-specific user cost weights) to obtain a
better measure of capital service flows.

¢ Identify and try to resolve important differences in labor and interme-
diate inputs between the Inforum database and the BLS MFP database.

e Use scenario analysis to understand the implications of faster or slower
MFP growth on labor productivity, prices and capital investment.

e Use the database developed for this project to develop improved equa-
tions for capital investment and labor demand, and prices.

* Focus more detailed attention on the health care and air transportation
sector to understand the impact of differing assumptions about defla-
tors, capital stock and output measures on MFP.

The MFP model in LIFT, while still in its early stages, is already a useful
tool for understanding productivity growth of the U.S. economy in a consi-
stent and comprehensive way.
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Appendix A. LIFT Sectoring Schemes

A-1 - Industry Sectors in LIFT

Sec # | Title NAICS
1 |Farms 111, 112
2 | Forestry, fishing, and related activities 113,114,115
3 | Oil and gas extraction 211
4 | Mining, except oil and gas 212
5 | Support activities for mining 213
6 | Utilities 22
7 | Construction 23
8 | Food and beverage and tobacco products 311,312
9 | Textile mills and textile product mills 313, 314

10 | Apparel and leather and allied products 315, 316
11 | Wood products 321

12 | Paper products 322

13 | Printing and related support activities 323

14 | Petroleum and coal products 324

15 | Chemical products 325

16 | Plastics and rubber products 326

17 | Nonmetallic mineral products 327

18 | Primary metals 331

19 | Fabricated metal products 332

20 | Machinery 333

21 | Computer and electronic products 334

22 | Electrical equipment, appliances, and components 335

23 | Motor vehicles, bodies and trailers, and parts 3361, 3362, 3363
24 | Other transportation equipment 3364, 3365, 3366, 3369
25 | Furniture and related products 337

26 | Miscellaneous manufacturing 339

27 | Wholesale trade 42

28 | Retail trade 44,45
29 | Air transportation 481

30 |Rail transportation 482

31 | Water transportation 483

32 | Truck transportation 484

33 | Transit and ground passenger transportation 485

34 | Pipeline transportation 486

35 | Other transportation and support activities 487, 488, 492
36 | Warehousing and storage 493

37 | Publishing industries (includes software) 511

38 | Motion picture and sound recording industries 512

39 | Broadcasting and telecommunications 513

40 | Information and data processing services 514
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A-1 - Industry Sectors in LIFT (continued)

Sec # | Title NAICS
41 | Federal Reserve banks, credit intermediation, and related activities | 521, 522
42 | Securities, commodity contracts, and investments 523
43 | Insurance carriers and related activities 524
44 | Funds, trusts, and other financial vehicles 525
45 | Real estate 531
46 | Rental and leasing services and lessors of intangible assets 532,533
47 | Legal services 5411
48 | Miscellaneous professional, scientific and technical services 5412-5414, 5416-5419
49 | Computer systems design and related services 5415
50 | Management of companies and enterprises 55
51 | Administrative and support services 561
52 | Waste management and remediation services 562
53 | Educational services 61
54 | Ambulatory health care services 621
55 | Hospitals and nursing and residential care facilities 622, 623
56 | Social assistance 624
57 | Performing arts, spectator sports, museums, and related activities |711, 712
58 | Amusements, gambling, and recreation industries 713
59 | Accommodation 721
60 |Food services and drinking places 722
61 | Other services, except government 81
62 |Federal government enterprises n.a
63 |Federal general government n.a
64 | State and local government enterprises n.a
65 | State and local general government n.a

A-2 — Commodity Sectors in LIFT
#| Commodity Title NAICS
1| Crop production 111
2| Animal production 112
3 | Forestry, fishing and agriculture support activities 113,114, 115

4 | Crude oil extraction 211 pt.

5| Natural gas extraction 211 pt.

6| Coal mining 2121

7 | Metal ore mining 2122

8 | Nonmetallic mineral mining 2123

9 | Support activities for mining 2131
10 | Electric utilities 2211
11 | Natural gas distribution 2212
12 | Water, sewage and other systems 2213
13 | New construction 2301, 2302
14 | Maintenance and repair construction 2303
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A-2 — Commodity Sectors in LIFT (continued)
#| Commodity Title NAICS
15 | Dairy products, meat and seafood 3115, 3116, 3117
16 | Other foods 3111, 3112, 3113, 3114, 3118, 3119
17 | Beverages 3121
18 | Tobacco 3122
19 | Textiles and textile products 313,314
20 | Apparel 315
21 | Leather products 316
22 | Wood products 321
23 | Paper 322
24 | Printing 323
25 | Petroleum and coal products 324
26 | Resin, synthetic rubber and fibers 3252
27 | Pharmaceuticals 3254
28 | Other chemicals 3251, 3253, 3255, 3256, 3259
29 | Plastic products 3261
30 | Rubber products 3262
31 | Nonmetallic mineral products 327

32
33
34
35
36
37
38
39
40
41
42
43

45
46
47
48
49
50
51
52
53
54
55
56

Iron and steel

Nonferrous metals

Fabricated metal products

Agriculture, construction and mining machinery
Industrial machinery

Commercial and service industry machinery
Ventilation, heating, air-conditioning and ventilation equipment
Metalworking machinery

Engine, turbine and power transmission equipment
Other general purpose machinery

Computers and peripheral equipment
Communications and audio-video equipment
Semiconductors and other electronic components
Electromedical and electrotherapeutic apparatusw
Search, detection and navigation equipment
Measuring and control instruments

Magnetic and optical media

Household appliances

Electrical equipment

Other electrical equipment and components
Motor vehicles

Motor vehicle parts

Aerospace products and parts

Ship and boat building

Other transportation equipment

3311, 3312, 33151
3313, 3314, 33152
332

3331

3332

3333

3334

3335

3336

3339

3341

3342, 3343

3344

334510, 334517
334511
334512,-3,-4,-5,-7,-8,-9
3346

3352

3353

3351, 3359

3361, 3362

3363

3364

3366

3365, 3369
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A-2 — Commodity Sectors in LIFT (continued)
#| Commodity Title NAICS
57 | Furniture 337
58 | Medical equipment and supplies, dental labs 3391, exc. 339115
59 | Ophthalmic goods 339115
60 | Miscellaneous manufacturing 3399
61 | Wholesale trade 42
62 | Retail trade 44, 45
63 | Air transportation 481
64 | Rail transportation 482
65 | Water transportation 483
66 | Truck transportation 484
67 | Transit and ground passenger transportation 484, 500201
68 | Pipeline transportation 486
69 | Transportation support, sightseeing, couriers 487,488,492
70 | Warehousing and storage 493
71 | Publishing, except software 511, exc. 5112
72 | Software 5112
73 | Motion picture and sound recording 512
74 | Broadcasting: Cable, TV and radio 5131, 5132
75 | Telecommunications 5133
76 | Information and data processing 514
77 | Banks, credit cards and finance 521, 522
78 | Securities, investments, funds and trusts 523, 525
79 | Insurance 524
80 | Real estate 531
81 | Owner-occupied dwellings 500800
82 | Rental and leasing of goods 532
83 | Royalties 533
84 | Legal services 5411
85 | Professional, scientific and technical services 541, exc. 5415
86 | Computer systems design and related services 5415
87 | Management of companies and enterprices 55
88 | Administrative and support services 561
89 | Waste management and remediation 562
90 | Educational services 611
91 | Home health care services 6216
92 | Offices of physicians, dentists, and other health practioners 6211, 6212, 6213
93 | Other ambulatory health care services 6214, 6215, 6219
94 | Hospitals 622
95 | Nursing and residential care facilities 623
96 | Child care and social assistance 624
97 | Performing arts, spectator sports and museums 711,712
98 | Amusements, gambling and recreation 713
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A-2 — Commodity Sectors in LIFT (continued)

# | Commodity Title NAICS

99 | Accomodation 721
100 | Food services and drinking places 722
101 | Automotive repair and maintenance 8111
102 | Other repair and maintenance, personal services 8112, -3, -4, 812
103 | Religious, grantmaking and other organizations 813
104 | Private households 814
105 | Postal service and federal government enterprises 491, 500102
106 | State and local government enterprises 500203
107 | General government industry 500500
108 | Noncomparable imports 500300
109 | Scrap, used and secondhand 500401, S00402
110 | Rest of the world adjustment to final uses 500600

Appendix B. Data Sources

This appendix describes the data used for this paper. Unless otherwise
noted, all series used in the paper are annual and cover the period from
1998 to 2010.

A. Nominal Output by Industry

The nominal output data are derived from the 2002 benchmark input-
output table, the series of annual IO tables from 1998 to 2010, and the BEA
gross output series, which includes current and constant prices industry
output (before redefinitions). The Inforum concept of industry output is
closest to the BEA series “industry output after redefinitions” from the an-
nual IO tables.

B. Output Price

To deflate industry output, we have compiled a series of make tables
in current prices. We use commodity deflators to deflate the make tables
down the column, and form the real industry output as the row sum of the
deflated make table. The industry output price is formed as the ratio of no-
minal industry output over real industry output.

C. Labor Hours

The NIPA table 6.9 “Hours worked by full-time and part-time emplo-
yees” is used as the control totals for hours worked for employees. The
distribution to more detailed industries is achieved by sharing the hours
worked by shares of employment in each industry. Finally, hours for self-
employed and family workers are added by adjusting hours by the share
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of employment of self-employed and family workers to full-time and part-
time employment.

D. Labor Compensation

Labor compensation includes wages and salaries plus supplements.
Inforum uses the NIPA data directly. The average “wage” per hour is de-
fined as the total labor compensation divided by total hours worked, for
each industry.

E. Investment and Capital Stocks

Data on nominal investment series by owning industry is taken from the
BEA Fixed Assets data. Fixed ratios are used to convert these series to a user
basis, as defined by the 1997 Capital Flow Table published by BEA as part of
the 1997 U.S. Benchmark IO table. Average service lives by industry are used
to derive time series of real capital stocks. The LIFT model also includes its
own time-series of capital flow tables, estimated and balanced by Inforum,
for the period 1998 to 2010. There are in nominal and constant 2005 dollars.

F. Intermediate Purchases, Aggregated as Energy, Materials and Services

The intermediate aggregates used for the Inforum KLEMS data are
drawn from the IO database used for the LIFT model. This database uses
detail from the 2002 Benchmark U.S. IO table and the series of U.S. annual
IO tables, combined with detailed data on imports, exports and industry
output to create a time series of detailed make and use matrices from 1998
to 2010. These are then converted annually to a product-to-product table,
based on commodity technology. The entire framework is converted to
constant prices by deflating output by domestic output deflators, deflating
imports by imports deflators, and deflating the rest of each row implicitly
in a way that preserves the row sum in constant prices.
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PortableDyme — A simplified software
package for econometric model building

Introduction

Science-based policy analysis becomes increasingly important in the
globalized world. Complex economic and ecological structures need to be
thoroughly analyzed, direct and indirect effects of policy measures should
be identified and, if possible, quantified. Empirical research in general and
macroeconomic simulation and forecasting models in particular are used
to understand the possible future impacts of structural changes on eco-
nomy, society and environment and to support the ex-ante evaluation of
policy measures (Groffimann et al. 2011, Lehr et al. 2012, Lutz and Wiebe
2012, Lutz et al. 2012, Meyer 1998).

Today, a broad range of macro-econometric models exists. They differ in
the underlying modeling approach, level of detail, and modeling software
used. Many models are inherently complex. They contain large amounts
of historical and forecasted data, hundreds to thousands of equations and
require expert knowledge about the underlying set of programs and pro-
gramming languages.

The modeling approach of INFORUM models is based on two characte-
ristics: bottom-up and integrated modeling (Almon 1991). Bottom-up refers
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to the modeling of economic sectors at the industry level. The model com-
bines econometric-statistical analysis with input-output analysis, if availa-
ble, embedded in a complete macroeconomic framework. Macroeconomic
variables such as GDP are calculated by explicit aggregation. Integrated
modeling stands for a consistent modeling approach which reflects the in-
terdependencies in an economy. Only a few variables such as population
are given exogenously. Hence, the models represent the complete economy.

Usually, INFORUM models are based on a large dataset and the be-
havioral equations are empirically validated. The main assumption of the
underlying economic philosophy is that agents act in imperfect markets
under conditions of bounded rationality (see e.g. Rubinstein 1998). It does
not assume perfect substitution of factors, and is not bound to optimization
routines. Alternative hypotheses about the agents” behavior are tested by
using econometric methods.

Members of the INFORUM group are entitled to use the G7/Interdyme
package of software programs which forms a powerful set of tools for bu-
ilding sophisticated macroeconomic interindustry models. Portable is an
extension of this software package which aims at beginners who are new to
macroeconomic model building.

The PortableDyme Software package

For two decades, the INFORUM package of programs (i.e. Interdyme,
G7) has proven to be a great resource for building sophisticated macroeco-
nomic multisectoral models. The software offers some important advan-
tages over its competitors.

Object-oriented approach. The design of main building blocks of a model —
time series, vectors, matrices, equations, databases — follows the principles
of object-oriented programming. The main advantage for model builders is
that these data types are almost as easy to use as built-in data types.

Scalability. The software is able to deal with small as well as large-scale
datasets made from millions of time series with a small memory footprint.

Speed. INFORUM models are made from compiled C++ code instead of
interpreted code which gets evaluated at run-time. This offers outstanding
performance even with large-scale models.

As with any other powerful software package, new users are facing a
steep learning curve: They have to get acquainted with different computer
languages/grammars, have to know how to setup a computer with the nec-
essary software components, must be able to operate a computer with a
CLI (Command Line Interface), etc.

As the name implies, PortableDyme is not a replacement for but built
on top of the Interdyme/G7 software package. Thus, users are still required
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to learn how to operate each of these programs effectively. One of the main
reasons to develop PortableDyme was to minimize the technical hurdles
especially new users are facing when it comes to setting up and operating
their model building environment.

Complete model building environment. PortableDyme contains almost
everything that is needed to successfully build a sophisticated multisec-
toral model. Apart from the G7/Interdyme software, PortableDyme comes
with a free C++ compiler, and advanced editor with project management
features, a lightweight Microsoft Excel-based database manager and some
other productivity tools.

Installation-free usage. PortableDyme is preconfigured to run out of the
box without installation. Users just have to copy the PortableDyme directo-
ry to any location on the computer. Moving a model to a new computer or
passing it to other model builders has never been easier.

Predefined model structure. One of the biggest challenges of model buil-
ding is to organize and keep track of the vast amount of information (i.e.
files). Serious problems arise rather quickly if some program is not able to
find its input data or write its output data due to erroneous configuration.
To minimize such problems, PortableDyme comes with a predefined direc-
tory structure which not only reflects the different steps of model building
(data preparation, performing regressions, model building, reporting and
evaluating) but also ensures that each of the programs is able to carry out
its task flawlessly. Additionally, system files (e.g. the compiler, the model
building framework) have been separated from model-specific files to fur-
ther reduce complexity.

Free of charge. PortableDyme comes at no cost. It is made from carefully
selected free software components. Although the creators of PortableDyme
do not claim an explicit copyright, this of course does not imply that the sof-
tware in general is free of copyrights: Especially the use of the embedded
INFORUM software is not allowed without permission from INFORUM
Maryland, USA.

Two versions of PortableDyme. It comes in two versions: The vanilla ver-
sion contains everything to build a model from scratch: It contains the
complete model building environment but no data, regressions, statements
etc. This version is aimed at model builders who are to some degree fa-
miliar with creating INFORUM-type models. The other version contains
a small but extensible macroeconomic model for Turkey built on top of
the vanilla version. The dataset contains data especially from the WIOD
(World Input Output Database) and from UN (United Nations) sources.
The unified structure of these datasets makes it easy to adopt the Turkish
model to other countries within a few hours.

The following chapter gives an overview of the basic macroeconomic
model that comes with PortableDyme.
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PortableDyme - a small macro-econometric |O model

PortableDyme models come with a pre-configured model and directory
structure (see Figure 1 — Directory structure of PortableDyme models1).
The structure reflects the necessary steps to build a macroeconomic, multi-
sectoral model from scratch:

1. Setting up and completing the historical database (1_data, see Figure 1 —
Directory structure of PortableDyme models1)
Data preparation and data processing for the historical data (usually
supplied by official statistical offices) is done here. All data are descri-
bed (e.g. name, description and structure of variables). It includes the
unified historical database and additionally calculated data.

2. Doing the regressions (2_regs)
Includes all files necessary to do the regression analysis.

3. Building and running the projection model (3_model)
Includes the actual forecasting model and combines behavioral equa-
tions and definitions.

4. Analyzing the results (4_results)
Contains results from scenario analysis.

Figure 1 — Directory structure of PortableDyme models
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The folder docs includes documentation files. It is not necessary for the
model to run, it just gives explanations for the modeler about the dataset,
Interdyme software and PortableDyme.

The folder system includes the software framework which it is necessary to
build and run the model, e.g. Interdyme software package, C++ compiler etc.

The steps in the model building process are discussed in greater detail
in the following sections. Note, that these steps are usually not accompli-
shed in a strict consecutive order due to the fact that a model evolves over
time and/ or errors may arise which make it necessary to return to one of
the previous steps. For example, in step 2_regs “regressions” a model buil-
der may encounter data problems which can only be solved in step 1_data.

Data collection and analysis

There are basically four steps when setting up a database for an econo-
mic model:

1. Choose data source(s),

2. Analyze data,

3. Organize data (in a databank),
4. Preparatory calculations.

The main determinant for the first step is to be clear about the aim of your
modeling exercise: what exactly should be represented in the model and
how. We are aiming at building a simple input-output model, which may ser-
ve as a basis for other, more comprehensive, models. Additionally, it should
be easily transferable to other countries. The newly published WIOD databa-
se (Erumban et al. 2012") provides readily available input-output data® for 27
EU countries and 13 other major countries such as Japan, Mexico and Russia,
thus covering almost all INFORUM partner countries (see Table 2).

The WIOD database is complemented in our example by the UN popula-
tion data (United Nations 2011, 2011a%). Some virtues of the WIOD database
are its standardized dataset across countries and the homogenous data struc-
ture, which makes it easy to transfer the model code to other countries, i.e. all
INFORUM members can simply take the data and build their own model with
only few alterations to the existing PortableDyme example. PortableDyme is,
however, not restricted to using the WIOD dataset as a base. It is easily possi-
ble to change the structure of the variables to include data from the national
statistical offices or other international offices, such as the OECD.

! http://www.wiod.org/ (02/09/2012).

2 As well as supply-and-use tables, socio-economic accounts, environmental accounts and
exchange rates.

* http://esa.un.org/unpd/wpp/Excel-Data/population.htm (02/09/2012).
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Table 2 — Countries in WIOD Database

Country Acronym  Country Acronym  Country Acronym
Australia AUS France FRA Malta MLT
Austria AUT United Kingdom  GBR Netherlands NLD
Belgium BEL Greece GRC Poland POL
Bulgaria BGR Hungary HUN Portugal PRT
Brazil BRA Indonesia IDN Romania ROU
Canada CAN India IND Russia RUS
China CHN Ireland IRL Slovak Republic ~ SVK
Cyprus CYP Italy ITA Slovenia SVN
Czech Republic CZE Japan JPN Sweden SWE
Germany GER Korea KOR Turkey TUR
Denmark DNK Lithuania LTU Taiwan TWN
Spain ESP Luxembourg LUX United States USA
Estionia EST Latvia LVA

Finland FIN Mexico MEX

The next step in the model building process is a short economic and
statistical analysis of the data. As this is common sense for economists, we
will not go into further detail here.

A more sensible task for new model builders is the decision of how to
organize your data, i.e. give variable names and store the data in appro-
priate data structures. There are three ways of storing data in Interdyme:
as ‘time series’ (individual data points), as vectors or as matrices. For in-
put-output models the choice of the data structure is straight forward as
the the mathematical representation is usually given in matrix notation.
The interindustry flow matrix and the corresponding intermediate input
coefficient matrix can be stored as matrices, and final demand, value ad-
ded and output as vectors. An easy rule is that if a variable is avaiable for
different sectors, it is best to store the variables in a vector for all sectors.
Vector sums, i.e. total final demand, total value added or total output are
vector sums and can be stored in ‘time series’ or ‘macro’ variables as the in-
dividual data points are called in Interdyme. To easily distinguish between
the data structures, it may be helpful to use a notation that immediately
shows what data structure the variable is, an example is: capital letters for
matrices and time series and small letters for vectors. Matrices are followed
by respective number of row and column in squared brackets, vectors are
followed by respective number of rows. Times series are followed by ¢ in
squared brackets that indicates the time (e.g. years).

In Interdyme, vector and matrix variables are stored separately from time
series variables. For both types of databases, the software G7 is used to read
the original data (mostly coming from Microsoft® Excel files) and to store
these data in compact binary form. The user has to prepare a set of text files
which contain the necessary statements for data processing (opening/ clo-
sing spreadsheet files, reading ranges of cells, assigning variable names etc.).
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For most models, you need to calculate some data from the original raw
data. In the case of input-output models this mostly refers to calculating the
input coefficient matrix from the flow matrix and the output data given in
the input-output tables. In addition, when using the WIOD data, the macro-
economic values for the different final demand categories as well as total
value added and total output can be calculated, before starting the actual
modelling. When using PortableDyme, all of these preliminary calculations
are programmed in G7, which has a large number of matrix and vector ope-
rations readily available. For the simple model, we calculated for example
the following economic data (see also Table 3 and Figure 5):

e AD, AM, AT: Input coefficient matrix (domestic, imported, total),
e GDP: Gross domestic product,

* hcesq, gcesq, gfcfq, exq: Shares of final demand components,

¢ HCESC: Household consumption expenditures per capita,

* GCESC: Government consumption expenditures per capita.

Table 3 — Input-Output Table
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The data collection and processing task is finished if all necessary vari-
ables for the next steps (doing regressions and building the model) have
been prepared. Sometimes, at a later stage you will realize that you are
missing some data. In this case, you have to go back to the data collection
and processing step and include additional data. This should be conside-
red normal since a model evolves over time.

Regressions

The Interdyme models combine (macro-) econometric modelling with
input-output analysis. The model consists of basically two types of equa-
tions: definitions and behavioural equation. The parameters of the be-
havioural equations are econometrically estimated using the available
historical data. The regression analysis is done in G7. G7 provides different
estimators such as Ordinary Least Squares (OLS), Two-stage Least Squares
(2SLS), Panel Data or Pooled Regressions, please see INFORUM (2011) for
more details. One important feature of the Interdyme model environment
is the concept of ‘rho adjustment’. This includes two crucial processes:
First, it corrects the estimated values for the size of the error term (rho)
in the last year for which historical data is available. This is important to
ensure a smooth development at the transition between the existing and
the projected data. Second, it is possible to include an adjustment of this
error correction term over time, so that it approaches zero as time goes to
infinity, thus ensuring that over time the value allocated to the variable ap-
proaches the value given by the estimated coefficients. The rho adjustment
routine is only executed if t, the current year, is larger than the last histori-
cal data. This ensures that historical data will not be overwritten.

After you have prepared all regressions, you can proceed with inte-
grating them into the forecasting model. Including regressions within the
PortableDyme environment is straight forward. The regressions and their
results (coefficients) can be stored in different files depending on the con-
text. Then all of these files are combined using a master file. The Interdyme
program IdBuild translates the regression results into C++ code, which can
easily be included into the code of the projection model.

Model core

The core of every economic model is the interaction between the model
variables. That does not only comprise the behavioral equations. The dyna-
mic interactions should be taken into account within the model. The model
builder is responsible for finding an appropriate economic theory and for
implementing it into the model.

Our example of a tiny PortableDyme model contains (at this stage) a
simple IO-model and some exogenous variables such as population and
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exchange rates. The industry classification is based on the WIOD data,
see Table 4.

Table 4 — Industry classification according to 10 tables

35 industries

AtB
C
15t16
17t18
19

20
2122
23

24

25

26
27t28
29
30t33
34t35
36t37

50

51

52

60
61
62
63

Agriculture, Hunting, Forestry and Fishing
Mining and Quarrying

Food, Beverages and Tobacco

Textiles and Textile Products

Leather, Leather and Footwear

Wood and Products of Wood and Cork
Pulp, Paper, Paper , Printing and Publishing
Coke, Refined Petroleum and Nuclear Fuel
Chemicals and Chemical Products

Rubber and Plastics

Other Non-Metallic Mineral

Basic Metals and Fabricated Metal
Machinery, Nec

Electrical and Optical Equipment
Transport Equipment

Manufacturing, Nec; Recycling

Electricity, Gas and Water Supply
Construction

Sale, Maintenance and Repair of Motor Vehicles and Motorcycles; Retail
Sale of Fuel

Wholesale Trade and Commission Trade, Except of Motor Vehicles and
Motorcycles

Retail Trade, Except of Motor Vehicles and Motorcycles; Repair of
Household Goods

Hotels and Restaurants
Inland Transport
Water Transport

Air Transport

Other Supporting and Auxiliary Transport Activities; Activities of
Travel Agencies

Post and Telecommunications

Financial Intermediation

Real Estate Activities

Renting of M&Eq and Other Business Activities

Public Admin and Defence; Compulsory Social Security
Education

Health and Social Work

Other Community, Social and Personal Services

Private Households with Employed Persons
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An overview about model structure and relations between variables
shows Figure 5.
1. Total exports (EX) are determined exogenously and currently set using
a ‘growth fix". Using the shares from the last year available, total ex-
ports are split across sectors.

2. You can influence variables in different ways: using a ‘growth fix’ me-
ans to indicate a growth rate. Other concepts such as ‘multiplier fixes’
and ‘index fixes” are shortly described below and more extensively in
INFORUM (2009).

3. Sectoral imports depend on sectoral output and the relations are
estimated.

The remaining final demand components HCESC and GCESC per ca-
pita as well as GFCF are estimated at the macro level, depending on gross
value added VALU (per capita) respectively output OUT. Using the UN
population forecasts total HCES and GCES are calculated from the per ca-
pita values. Sectoral values for these final demand components are calcula-
ted using the shares from the last year for which data is available.

Changes in inventories are assumed to decrease by 1% annually on the
sectoral level: cies[i] = CIESlag][i]*0.99.

Sectoral output is calculated using the Leontief inverse and final de-
mand vector. Sectoral output is used in the import regression equations,
thus making it necessary for the model to iterate.

Using the total coefficient matrix and sectoral output values, sectoral in-
termediate input and also sectoral value added can be computed, and, hen-
ce, also gross value added VALU, which is the independent variable in the
HCESC and GCESC regressions, again, making model iterations necessary.

The convergence criteria are based on the changes of GDP and HCES
from one iteration to the next. As soon as the change in both variables is
less than 1%, the iteration stops.

The model approach is non-linear, due to the multiplicative connections
of variables in identities and behavioral equations. This nonlinearity, com-
bined with the interdependency of the system, requires an iterative solution
procedure which is given by the Gauss-Seidel* algorithm.

The model iterates until the convergence criteria are fulfilled. The con-
vergence criteria depend on the model content and should be carefully de-
signed by the model builder. In the PortableDyme model, the iteration for
one year ends as soon as the change of production OUT and household
consumption expenditures HCES compared to their values in the previous

* This method is named after the German mathematicians Gauss and Seidel. They developed
an iterative method which is used for solving non linear systems of equations. This method
solves the left hand side of any equation, using previous values for the variables on the right
hand side. The computation of a left hand side variable uses the elements of variables that have
already been computed. In the next iteration all left hand side variables are calculated again.
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Figure 5 — Model plan

Xy moId

wr

OSHOD || OSHOH

1 8

bxe

660
Seisan

byo38

2sa08

bsaoy

v v v
| -nﬂ .

A

(saLnysnpur) puewap [eurj

sy

X1j 9PLLIDAO
HOLIMS NdOd

uorssaxgar ~ | £a18 JySiy

uonmuyap ~ [EEES e

JUBISUOD ~ Aamym




44  A. GroBmann, F. Hohmann, K. S. Wiebe

iteration is smaller than 0.01%. Of course, you can alter the convergence
criteria (and the maximum percentage change) and use for example the
GDP a convergence criteria. This convergence procedure is executed for
every year in the modeling period. The modeled time period can be altered
by the modeler.

Not all variables are forecasted endogenously. For example, population
is very often an exogenous variable and is available in several alternati-
ves from e.g. United Nations. To study the effects of alternative popula-
tion forecasts, you can run scenarios that are different from your baseline
scenario.

The concept of ‘fixes’ allows the model user to specify which variant
should be used. All kinds of data (vector, matrices and time series) can be
influenced exogenously. Interdyme provides several ways to modify a va-
lue (More examples can be found in INFORUM 2009.):

e ovr: overrides the results
e mul: multiply the results by a factor specified
e cta: add a constant term

Also, endogenously forecasted variables can be modified by using ‘fi-
xes’. The model can run with various modifications to its equations to
analyze different pathways and to test model characteristics.

These ‘fixes’ can easily be specified in ‘fix’ files. In inter-industry mo-
dels, you can modify single industries or a group of industries by using a
vector fix. To adjust a single industry, you select the appropriate fix (e.g.
multiplier fix, growth fix), the name of the vector that should be modified
and the element of the vector that corresponds to the industry. This is ex-
plained in detail in INFORUM (2000).

After finishing programming the model, you can run it. If the model
runs successfully the results of the model run are stored either in the model
directory or if you specify a scenarioname the results are copied to the direc-
tory results\ scenarioname.

Scenario analysis

“Prediction is very difficult, especially if it's about the future.” This
quote is attributed to the physicist Niels Bohr, but equally or even more
true in economics, because the units of observation in economics on top of
everything else are having own preferences and an own will.

Economic modelers therefore have developed a methodology for de-
aling with the uncertainties of future development: the construction of
scenarios. Scenarios are consistent sets of quantities describing the future
development under given assumptions. The starting point of such analysis
usually is the so-called business as usual (BAU) scenario. Here, the as-
sumptions are: past behavior, past reactions will be exactly the same in
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the future. If consumers never reacted to price changes of certain goods,
they will not react to it in the future. A BAU scenario is driven by popula-
tion growth, international resource prices and empirically observed past
responses to these quantities.

Alternative scenarios are designed addressing the research questions
(e.g. policy measures) or to test the decisive relevance of certain parame-
ters/ variables (sensitivity analysis). Changes in one of the exogenous (and
also endogenous) variables will have an impact on other variables within
the model. All exogenous parameters that will not be changed developed
in line with the BAU scenario. Endogenous parameters vary according to
modeling context.

Results of the BAU scenario and all alternative scenarios can be sepa-
rately described considering the development over time for each impor-
tant variable or in relation to other model variables to explain the relations.
Furthermore, the modeling results can be illustrated as (absolute and/ or re-
lative) differences to the BAU scenario (see Figure 6 — Comparing scenarios).

Figure 6 — Comparing scenarios
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To see the impacts of running different forecasts modify (‘fix’) a varia-
ble, run the model and store the results in a separate folder by giving a
name to your scenario.

PortableDyme have some helpful evaluation tools to analyze data for
one model run or to compare results from different model runs. The three
small G7-programs ‘dymelook.prg’, ‘resultlook.prg’” and ‘resultcompare.
prg’ open the respective databank(s) and you can analyse your results us-
ing G7 or to write the results to an excel file for further processing.
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Conclusion and outlook

The PortableDyme model building framework was presented at the 20*
INFORUM conference in Florence, Italy. During a five-hour workshop, the
authors instructed the participants on how to use the software and how
to build the basic PortableDyme model based on country-specific data ta-
ken from the WIOD database. At the end of the workshop, more than ten
country models have been built simultaneously including simple scenario
analysis for population and exports.

The predefined model structure not only helps beginners and interme-
diate model builders to achieve results more quickly but also makes it pos-
sible to compare the results from different models due to their common
dataset and variable naming convention.

There is a still a lot of room for improvement, though. From the softwa-
re side, support for data and scenario analysis is very basic. At this early
stage, the model itself is very simple. For example, estimations of private
consumptions by households should be done at a sectoral level instead of
using constant shares. Additionally, prices are missing at the moment and
the labour market is not explicitly modelled. In addition, a more detailed
Seidel algorithm should be used to include the import estimations directly
in the IO-equation solution.
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Flow of Funds Accounts in The System
of National Accounts

Introduction

Flow of funds accounts (FFA), introduced to social accounting by
Keynes (1930, 1936) and later by Copeland (1947, 1949), represent financial
transactions concerning acquisition and sale of financial assets as well as
the incurrence and repayment of liabilities by their forms of a given insti-
tutional sector to other sectors (Pyatt 1991). Therefore, FFA are constructed
as sectoral accounts with an emphasis on financial corporations because of
their role in mediating almost all financial transactions.

Flow of funds accounts present differences between the values included
in closing and opening balance sheets but the form of FFA being published
by statistical institutions can differ since particular countries elaborated
various standards in this domain. Structure and the level of disaggregation
of FFA also depend on statistical data that is available in a given country.

FFA for Poland that are constructed by Central Statistical Office in
Poland follow the form of European System of Accounts (ESA 95), which
constitutes a coherent, consistent and integrated system of national ac-
counts. It shows main economic processes concerning production as well
as distribution and redistribution of income finally used for consumption
and accumulation. In turn, accumulation account consists of four accounts:
capital, financial (changes of assets and changes of liabilities), other chang-
es in the volume of assets and the revaluation. The financial account shows
how the surplus or deficit on the capital account is financed by transactions
in financial assets and liabilities. Thus, the balance of the financial account
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(net acquisition of financial assets less net incurrence of liabilities) is equal
in value to net lending / net borrowing, the balancing item of the capital
account (Manual on Sources and... p. 10). In that meaning, flow of funds ac-
counts are fully integrated with capital account by saving and nonfinancial
accumulation. Hence, FFA constitute a useful statistical tool for analysis
of relations among different forms of financial and nonfinancial accumu-
lation of particular institutional sectors. In publications that are prepared
systematically by Central Statistical Office in Poland values of financial
transactions are aggregated to twenty one instruments of financial market
(forms of financial assets) and six institutional sectors, among which there
are five subsectors of financial corporations and three subsectors of general
government. Two separate tables present changes of liabilities and changes
of financial assets'. Polish statistics is also accessible in Eurostat Database
but in a more aggregated form.

Applying FFA as a tool of research requires to define their form which de-
pends on the aim of the research. Usually, FFA are used for analyses display-
ing the influence of financial markets” position (depending on the type of
monetary policy) on subjects” individual decisions on spending incomes and
other behaviors in the economy (financial and non-financial institutions).
Financial forecasting, simultaneously ensuring internal consistency of finan-
cial forecasts and their consistency with forecasts made for nonfinancial eco-
nomy national accounts usually requires resorting to broad FFA analysis. In
the empirical research, FFA are used as statistical database in dynamic eco-
nometric models (e.g. VAR model by Bonci, Columba 2008, model QUEST
by Almon 1999) or as a system of accounts treated as a deterministic ma-
croeconomic model integrated with model of nonfinancial economy (Green,
Murinde 2003, Terzi 1986). System of FFA can be presented as a determini-
stic model based on the input-output idea (Klein 2003, Tsujimura, Mizashita
2003) - as presented herein. In the recent years, numerous analyses based
on flow of funds accounts have been conducted to explain the mechanisms
of financial crisis of the first decade of the twenty first century (e.g. Dawson,
2004, Tsujimura, Tsujimura, 2011, Bonci, Columba, 2008, Roe 2003).

The main aim of this paper is to present FFA in the meaning of social
accounting matrix (SAM) idea i.e. to show all transactions (also financial
ones) in such way that resources on particular accounts are registered in
rows and uses are registered in columns. This rule concerns also FFA’s
transactions which are the extension of the accumulation account’s balan-
cing item — net lending/borrowing.

! In comparison, USA flow of funds accounts are presented in three-dimensional matrix show-
ing relations among sectors (debtors) that borrow from other sectors and sectors (creditors)
that lend funds to other sectors taking into account also different forms of financial assets
which are subjects of these transactions. FFA for USA are published in a form of compact elabo-
ration Flow of Funds Accounts of the United States... from 1945 (annual) and 1952 (quarterly).
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Flow of funds accounts as a part of Social Accounting Matrix

Let us remind that social accounting matrices reflect the rule of double
registration of all transactions in the system of national accounts, which as-
sures the balance of sums in rows and columns. It means that uses of every
institutional sector are equal to their resources achieved in a given period
of time and simultaneously expenditure made by one subject is income of
another one. Similar equity takes place for objective accounts. Matrix that is
constructed basing on these rules shows income circulation in the economy.

In the research department, represented by authors of the paper, diffe-
rent forms of SAM for Poland have been constructed. They depended on
the aims of empirical analyses based on the SAM and the required level
of detail of accounts. Another reason for using a given form of SAM is the
accessibility of statistical data. The level of detail concerns the subjects that
perform transactions and a way of grouping these subjects on particular
accounts as well as the level of disaggregation of the transactions on a cho-
sen account (Plich 2003, Tomaszewicz 2001, Tomaszewicz, Boratyriski 2004,
Boratynski 2005, Tomaszewicz, Trebska 2012, Trebska 2010).

Social accounting matrix that was built for the analysis, the results of
which are presented in this paper consists of twelve non-zero sub-matrices
(marked in grey color in Table 1.).

Usually sub-matrix 1.1 contains data on intermediate consumption, i.e.
use of row materials and services during the process of production. In the
version of SAM presented in the paper the intermediate consumption is
aggregated to one value.

Table 1 — Applied scheme of SAM with a disaggregation of accumulation account

USES
1 2 3 4 5 |Total

1 Production account

2 |Means of production [Primary incomes

3 |Current account Institutional sectors

RESOURCES

4 |Capital account Institutional sectors

5 |Financial account Financial assets

Total

Parts of input-output table are marked in dark grey color.
Source: see Miller, Blair (2009), Tomaszewicz (1994, 2001), Pyatt (1991).



52 L. Tomaszewicz, J. Trebska

Sub-matrices 1.3 and 1.4 (each of them are row vectors) consist of ele-
ments of final demand by institutional sectors. In sub-matrix 1.3 data con-
cerning the expenditures of households, non-profit institutions and general
government as well as exports of goods and services is included. In turn, in
sub-matrix 1.4 gross accumulation by domestic institutional sectors (gross
fixed capital formation and changes in inventories) is shown.

Sub-matrix 2.1 (column vector) contains the elements of gross value ad-
ded: compensation of employees and gross operating surplus, including
taxes on production and imports (taxes on products and producers) less
subsidies. Subsequently, all these economic categories are presented in the
sub-matrix 3.2 as primary incomes of particular institutional sectors.

In sub-matrix 3.1 (column vector with one non-zero element) imports
of goods and services is registered as a resource on a current account of the
rest of the world sector.

Sub-matrices 3.3 and 4.4 are built basing on the data concerning seconda-
ry distribution of income. They present current and capital transfers among
the institutional sectors adequately. Sub-matrix 3.3 contains also (apart from
the current transfers) the uses and resources of particular sectors registered
on the account of property income.

On the main diagonal of sub-matrix 4.3 gross saving by institutional sec-
tors is registered. It is treated as a current expenditure (surplus of funds
constituted as a difference between gross disposable income and final con-
sumption) and resource on a capital account.

Transactions of the financial account are registered in sub-matrices 4.5
and 5.4. Sub-matrix 5.4 presents lending divided into eight main forms of fi-
nancial assets: monetary gold and SDRs, currency, deposits, securities other
than shares, loans, shares and other equity, insurance technical reserves,
other accounts receivable/payable. In turn, sub-matrix 4.5 contains data on
the forms of liabilities contracted by institutional sectors divided into eight
groups of liabilities (mentioned above).

Sum of elements in sub-matrices 1.1, 2.1 and 3.1 present intermediate con-
sumption and value added as well as cost of buying of imported products.
Simultaneously the same value being the sum of elements in sub-matrices
1.1, 1.3 and 1.4 constitutes a total supply of products, which is the sum of in-
termediate demand (consumption of row materials) and final demand (final
consumption, exports and accumulation). Sums in columns of sub-matrix
3.2 are primary incomes by the production factors: wages and salaries, ope-
rating surplus including taxes on products. Sums in columns of sub-matrices
1.3, and 4.3 represent disposable incomes (final consumption and saving) of
particular institutional sectors. In turn, sums in columns of sub-matrix 3.3
show current transfers among sectors (as expenditures). On the contrary,
sums in rows of sub-matrices 3.1, 3.2 and 3.3 constitute current resources
of institutional sectors. Sub-matrices 1.4, 4.4 and 5.4 reflect distribution of
capital resources of institutional sectors (accumulation, capital transfers and
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net lending) and their sums in columns are capital uses of particular sectors.
Sums in rows of sub-matrices 4.3, 4.4 and 4.5 are capital resources of institu-
tional sectors: saving, net borrowing and capital transfers. Sums of lending
by institutional sectors reflect their financial investments. On the contrary,
the sum of elements of sub-matrix 4.5 show contracted liabilities.

Sub-matrices presenting changes of financial assets (5.4) and liabilities
(4.5) can be constructed in two ways. The first one consists in direct use
and appropriate way of registering data from financial accounts. These
sub-matrices show explicitly flows of which financial assets were positive
or negative in a given period of time, which means increase or decrease in
stock of a given asset. This form of sub-matrices 5.4 and 4.5 was used for
calculations of coefficients measuring e.g. liabilities in relation to net worth
of a given sector.

The second way of presenting data in sub-matrices connected with FFA
consists in registering only positive flows as it is for all accounts in SNA
(except for balancing items). If a negative flow of a given form of asset is
observed, it is registered with the opposite sign on an account of liabilities
and vice versa — decline in a stock of liabilities is registered on an account
of asset of this kind with a positive sign. As a result of these recalculations
sub-matrix 5.4 presents acquisition of financial assets and repayment of lia-
bilities. In turn, sub-matrix 4.5 presents incurrence of liabilities and sale of
financial assets. For instance, the sale of financial assets in a given form al-
lows to increase capital expenditures concerning other form of assets and it
should be also registered as an increase in capital resources. Balancing item
of capital account — net lending/net borrowing doesn’t change. This way of
presenting FFA hides some part of information connected with changes of
assets and liabilities of particular institutional sectors but is indispensable if
SAM is used as a tool of simulation analyses, since.

Some authors suggest another way of presenting FFA in one matrix, not
necessarily as a part of SAM (Pyatt 1991, Green, Murinde 2003, Tsujimura,
Mizoshita 2003).

To show flow of funds accounts integrated with nonfinancial part of na-
tional accounts we constructed social accounting matrix for Poland for 2010.
As it was mentioned above, statistical data derived from Eurostat Database
was used. Some sub-matrices of SAM involved appraisal since there was no
direct data for values of current (sub-matrix 3.3) and capital transfers (sub-
matrix 4.4) among institutional sectors (even basing on the Polish statistics).
That is why values in these sub-matrices are m