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Abstract

In this paper we study statistical procedures to reconailge systems of annual time series subject
to low-frequency benchmarks (e.g. available every five gea®ur aim is to reconcile the pre-
liminary levels of the series such that they (i) are conaistéith the low-frequency benchmarks
available, (i) fulfill all the accounting relationshipsrfany given year, and (iii) show movements
that are as close as possible to the preliminary informatféa propose to solve this kind of prob-
lems using a simultaneous least-squares procedure bagkd proportional first difference (PFD)
criterion, a movement preservation principle proposed bgtbn (1971). However, we suggest that
a pure proportional adjustment is adopted for series wiglaks and high volatility that deteriorate
the meaningfulness of growth rates. We apply this proceftureeconciling the 1998-2002 U.S.
annual input-output accounts, GDP-by-industry accoumdssxpenditure-based GDP, subject to the
1997 and 2002 quinquennial benchmarks and all contempouareonstraints of the input-output
accounts for the in-between years.
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1. Introduction

Measurements of socio-economic phenomena are conductiéffeatnt frequencies, with
different objectives. Monthly or quarterly informatiomas at providing a timely picture
of the short-term movements. Annual data from sample ssreeyegister-based statistics
rely on a large sample of units, and thus they provide a mangrate indication of medium-
and long-term trends than infra-annual data. Finally, theri®®mic Census collects most
comprehensive data on business activities and providetadedeand accurate portrait of
the Nation’s economy once every five years. Higher frequemesisurements are generally
required to match corresponding lower frequency benchsnark

At each frequency, socio-economic variables may be reguoesatisfy a number of
aggregation and accounting relationships. A typical exarigonational accounts, where
total aggregates of the economy must be consistent withuimeas detailed components
(e.g. by industry) and identities are established betwesvsfbf production, expenditure,
and income. Cross-sectional consistency between obseavables is not automatically
met, and has to be restored.

In addition, when dealing with both high and low frequencyiese(e.g., quarterly and
annual, respectively), in a system observed data need wjlsted such that both temporal
(across frequencies) and contemporaneous (within frexig®nconstraints are satisfied. A
reconciliation process aims at preserving as much as peski#content of the preliminary
information available. Because the time-series dimenefaspcio-economic variables is
relevant, it is often convenient that the movements (or tiogvth rates) of the preliminary
information are preserved in the best possible way.

In this work we deal with the specific problem of reconcilinghaal (preliminary) es-
timates of U.S. national accounts aggregates subject tmgennial benchmarks available
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from detailed Input-Output (IO) tables: given preliminampt fully balanced 1O accounts
for five consecutive years (1998-2002), and given 2 fullyabekd, benchmark 10 accounts
for years 1997 and 2002, we wish to obtain fully balancedisezl/IO accounts for years
1998-2001 where the temporal profile of the preliminary aggtes is preserved as much
as possible. We aim at adjusting the annual data such thatijrere consistent with the
quinquiennal benchmarks available, (i) fulfill all the I@aunting relationships for any
given year, and (iii) show movements that are as close ashp@$s the preliminary infor-
mation. In addition, it is sensible to expect that the veffedent growth rates observed
in many variables between 2001 preliminary and 2002 bendhreues as compared to
those observed in the preliminary estimates are adjustédubwmii drastically altering the
temporal profiles of the variables originally estimated thy preliminary values.

The paper is structured as follows. In the next section werdesthe national accounts
problem faced in this paper. Section 3 briefly introducescherarking and reconciliation
of economic time series. Then, in Section 4 we present aruigisthe results achieved
using a least squares reconciliation procedure basedemative objective functions. Fi-
nally, some conclusions are drawn in the last section.

2. A Typical National Accounts Problem

The U.S. national accounts system measures gross domestiecp (GDP) from 10, ex-
penditure, and income accounts. For the system to be censi&DP measured as total
value-added (VA) from the balancing items in the 10 accountsst be consistent with
GDP measured as total final expenditures from the natiogahiie and product accounts
(NIPA). GDP measured from production and expenditure datald also be consistent
with gross domestic income (GDI) measured as total VA fromPRaiy-industry accounts.

Most time series data of the national accounts system assifiéal by attributes. This
requires that the values of the component elementary sadiésip to marginal totals for
each period. For example, the 10 accounts, classifielf liydustries and\/ commaodities,
must satisfyN sets of industry and/ sets of commaodity cross-sectional aggregation con-
straints each period. Often individual series in the nafi@tcount system must also add
up to temporal benchmarks and, thus, must satisfy theileotise temporal aggregation
constraints. For example, each component series of glya@&P must add up to its an-
nual aggregates, and each component series in the annuatd@rds should be consistent
with its corresponding quinquennial benchmark.

Source data used to compile different sets of accounts itJtBe national accounts
system are obtained from different sources. Thus, inctergiges often arise in source
data items in the accounts due to differences in the defirgitir classifications of some
variables and due to various types of measurement errang isaurce data. Consequently,
initial data items of the accounts rarely satisfy all cresstional accounting constraints.
Source data for the accounts also become available atadifffrequencies. Quinquennial
benchmark data based on Economic Census contain more derinfe@mation and, thus,
are more accurate, but they are not timely. High frequencycsodata, such as quarterly
data for quarterly GDP estimates or annual survey data foratinual 10 accounts are
timely but often contain incomplete information. Henceg\tlare less accurate and often
do not automatically satisfy all temporal aggregation t@msts.

As for the U.S. benchmark and annual IO accounts (1997-2@0&)compilation pro-
cedure is shown in figure 1 (see also Stevead ., 2007).

It should be noted that when a benchmark revision occursallyshoth levels and
growth rates of the variables are affected. Figure 2 shoegéicentage revisions pro-
duced by the 2002 benchmark estimates on the levels of GDR@nd major final uses
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1997 Benchmark Year 2002 Benchmark Year

Benchmark 10 accounts are compiled
in 2009 using mostly 2002 Economic
Census Data and Census related
surveys

Benchmark IO accounts are compiled using
mostly 1997 Economic Census Data and
Census related surveys

! {
1998-2002 2002 Benchmark revision of GDP
Annual 10 accounts are compiled using Information from 2002 Benchmark 10
annual survey data and extrapolated data accounts are incorporated in the
from 1997 benchmarked estimates revision of expenditure-based GDP

{

1998-2002 Annual 10O accounts are revised and reconciled with 2002

benchmark 10 and benchmark revised estimates of GDP

Figure 1: Compilation procedure of U.S. benchhmark and annual atsqd997-2002)

aggregates: the impact of the 2002 benchmark ranges fré%o-for Imports (the only one
of the 7 considered aggregates with a downward revisior§, A% of Changes in business
inventories, while the 2002 preliminary GDP level shows&4d upward revision.
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Figure 2: 2002 Benchmark revision to the levels of GDP and some majal fises aggre-
gates (% of the preliminary 2002 value)

As for growth rates (fig. 3), the largest correction is fovBte fixed investment (3.57%),
while the 2002 preliminary GDP growth rate is clearly (1.79%6ward revised as well.

In this paper we consider the 1998-2002 U.S. annual 10 atso@DP-by-industry
accounts, and GDP from expenditures, subject to the 1992@d2 quinquennial bench-
marks and all contemporaneous constraints of the systeta.fidan the 1998-2002 annual
IO accounts, previously balanced and reconciled conteamgausly with the expenditure-
based GDP, are the preliminary estimates in this applicatithe 1997 and 2002 bench-
marks are GLS reconciled estimates based on the estimdishilittes of all initial data
items in the benchmark year 10 accounts (Chen, 2012).
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Figure 3: 2002 Benchmark revision to the growth rates of GDP and soajenfinal uses
aggregates

In our exercise, reconciliation is conducted at the levetlefil of 65 industries, 69
commaodities, 3 VA components and 13 final expenditure caiegoThe available prelim-
inary data (within-benchmark-years and 2002 estimatesgemttemporal inconsistencies
(preliminary and benchmark 2002 estimates are differenpraviously shown), andc-
counting discrepancies (by industries, see figure 4, and by comnesdgee figure 5).
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Figure 4. Discrepancies (%) by industry

To give an idea of the dimension of the problem, at the chameai bf detail, the system
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Figure 5: Discrepancies (%) by commodity

of 10 accounts consists of a total of 10,062 series, 4,485 fitte make table and 5,577
from the use table, which includes 4,485 intermediate mpl®5 industry VA, and 897
final expenditure series. Of the 4,485 series from the maie,t&894 are non-zero series,
and of the 5,577 series from the use table, the non-zerassedkide 3,551 intermediate
inputs, 193 VA and 300 final expenditures series. In whaotedl we show how to deal
with all these issues in a consistent statistical framework

3. Benchmarking and Reconciliation of Time Series

To restore temporal constraints in each component sehiesnbdified Denton’s propor-
tional first difference (PFD) benchmarking method (Dentb®71; Helfandet al., 1977;
Cholette, 1984) has been implemented at the U.S. Bureau@idatic Analysis (BEA)
since 2006. To restore contemporaneous constraints imtieahaccounts, the usual rec-
onciliation procedures use accounting identities frorfediint parts of the system to reduce
accounting discrepancies as much as possible and to réeordgidual between GDP and
GDI as aggregate statistical discrepancy. In a recent stdyeneralized least-squares
(GLS) procedure is used to reconcile GDP estimated from ¥pemditure, and income
accounts for a benchmark year according to the estimatiedbitiéles of initial source data
items (Chen, 2012).

Consistency in the time series of the national account systguires that temporal and
contemporaneous constraints be satisfied simultaneolmshgcent years, two alternative
reconciliation procedures have been introduced to reséon@oral and contemporaneous
constraints in a system of series (Quenneville and Ran@805; Di Fonzo and Marini,
2011). The two-step procedures consists of a univariateegeoto restore temporal con-
straints in each component series through benchmarking andltivariate reconciliation
process to restore contemporaneous constraints in trensysteach period while preserv-
ing movements in each series. The two-step procedures anngh be effective when low
frequency benchmarks correspond to low frequency sumsdfith frequency values (i.e.
flow variables). However, each estimate in the quinquergalchmark 10 accounts per-
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tains to the value of a variable at the end of the benchmark getthe quinquennial sum of
the values of the variable. In this case, the two-step praeeshay not be able to preserve
the temporal movements in each component series duringtle@ciliation process. What
we need is a procedure which can simultaneously restorect@ingnd contemporaneous
constraints in the annual 10 accounts.

The reconciliation problem can be formalized in a compadtismnBorm as follows. The
U.S. annual 10 accounts consist of make and use tables6Tke65 make table matrix
contains the gross output of 69 commodities from 65 indesstri he use table consists of a
69 x 65 matrix of intermediate inputs, &ax 65 matrix of industry VA from industry income,
and a69 x 13 matrix of final uses.

Let X;, Z;, V¢, andY, denote the matrices of preliminary estimates of gross autpu
intermediate inputs, VA and final uses, respectively, indhaual 10 accounts for =
1998, ...,2002. Let X 1997, Z1997, Viger andY 1997 denote the corresponding benchmark
matrices for 1997 and 16s002, Z2002, Vaoo2 andYagoe denote benchmark matrices for
2002. The benchmark matrices have the same dimensions obthpanion preliminary
matrices. Our objective is to obtain matrices that satisfy given benchmark level at
t = 1997 andt = 2002, and preserve the movements in the preliminary matrices for
t = 1998, ...,2002.

The preliminary matrices can be conveniently rearrangedamne-dimensional vector
of stacked time series. Lef ; denote theés x 1 column vector of the elemeit, j) of the
make table matrixX;, for t = 1997,...,2002%. We consider alli, j) elements of the
matrices even if they are zeros for all or for some years. Th8time series in the make
table can be stacked into a singlg 910 x 1 vector as

/
_ / / / / / /
X = [ X11 X12 X165 " X963 X69,64 X69,65 } .

Vectorsz, y, v can also be set up in the same fashion. Their row dimensi@a2&910,
5,382 and 1,170, respectively. The input vector of prelanjndata of the problem is thus

defined as
/ /

/
p=|x 7z y Vv }
wherep has dimensio60, 372 x 1.

Let us now consider the constraints of the system. Therexagenous andendogenous
constraints. The first type concerns the benchmark valughdoyears 1997 and 2002. Let
b denote the vector of a two-element time series from the baadked matrices previously
defined. That is,

b bl -Ll 12 12 364 364 365 -365 1
= | 1997 L2002 L1997 L2002 - V1997 V2002 V1997 V2002 |

with dimension20,124 x 1. Let H; denote the20, 124 x 60,372 mapping matrix for
the exogenous constraints specifiedbiffior the benchmark years 1997 and 2002. Given
that, as we have previously said, preliminary and benchr2@@? values are different, it is
Hip #b.

The endogenous constraints are defined by the set of aceguetationships defined
by the IO tables. There are 69 row constraints (commodities) 65 column constraints
(industries) per year. The aggregation constraint of 8P equals total VA is redundant
and can be disregarded, as it follows from adding up the fBdtcbnstraints per year. In
total, they add up to 804 constraints. [$ denote thes04 x 60, 372 matrix mapping the

In order to link the reconciled series to the 1997 benchmavksconsider the benchmark matrices of 1997
as part of the group of preliminary matrices as well.
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60,372 elements in the preliminary vecipto the 804 endogenous constraints. Clearly, it

is Hop # Ospaxi1-
In summary, we have

H, | b
; 1
_H2_p7él0804><11 @
and we wish to derive the&0, 372 x 1 vector of reconciled valuas
[ H, | b
r= , 2
| Hy | [ 0s04x1 ] @

such that the temporal dynamicsioi ‘close’ to that ofp.
To reconcile a system of time series, we use adjustment guoes based on the con-
strained optimization of two different objective functgn

e Proportional adjustment (PROP):

n 2002
i—1 t=1998 |p“|

e Proportional First Difference (PFD) adjustment, which imaltivariate extension of
the univariate benchmarking solution proposed by Dent®71] and modified by
Cholette (1984):

n 2002 i Tyl 2
>3 (e ) @
i=1t=1998 \Ptii  Pt-1;i

wheren is the number of non-null variables of the system.

In both cases, the system is adjusted simultaneously (llezaables and all years
at the same time). However, the adjustment principles tpeexy differently. The PROP
criterion distributes the differences proportionallyhe tevels of the variables. Onthe other
hand, the PFD criterion preserves the year-on-year movisnoérthe variables. Because
our target is to preserve the changes in the preliminanakibes, we expect that the PFD
method provide more satisfactory results for this exercise

We also define a combined objective function (see Bilkket., 2013):

xLz Tt Tt—1, W th PtzQ
> 2 <—’.——’.> DY (5)

iesPFD t=1998 \Pti  Pi—1;i i€SPROP t=1998 el

where both the PFD criterion and the PROP criterion arezatili The variables in the
system are divided in two subset${"'? and STEOP | respectively): the PFD is used for
those series showing meaningful and interpretable moviereer time (namely move-
ments that we would like to preserve), while for the rest & series with breaks in the
movements we switch to PR®We call this procedure PFD-PROP.

2In this exerciseST RO refers to changes in business inventories for 30 (non-zemmmodities, and to
exports of commodity n. 66, which is null in 1997. Changesnwventories are very volatile and have many
negative values, which makes the changes not very infoveati
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4, Results

In order to assess the global performance of the procedimesach series we calculate
the Mean Absolute Adjustment (MAA) and the Root Mean Squadpistment (RMSA)
to the percentage levels:

1 2002
MAAf =100 x = )
1998

A~

Tti — Pti
Dt

1 2002 Fri— ' 2
RMSAF =100 x : 3 (i)

1998 Pti
and to the percentage growth rates:

Tti Pt

Tt—14  Pi—1,

1 2002
MAAER =100 x -

1998

12002 /o Do 2
RMSAF =100 x —Z( = —L>

5 foo6 \Tt—1,i  Dt—1,

fori =1,...,n, wheren is the number of non-null series from the 10 tables.

Table 1 shows the averages of indidesd A and RM S A calculated for 43 main ag-
gregates of national accounts (gross domestic product JG@pess output, intermediate
inputs and VA of 12 major industries, and 6 final expenditategories). These aggregates
are calculated from the 10,062 reconciled series derivied tise three procedures (PROP,
PFD and PFD-PROP)

Table 1. Summary measures of adjustment

Levels Growth Rates
Criterion MAAL  RMSAL MAAR RMSAR
PROP 1.380 4.146 1.607 4.501
PFD 4.174 8.288 2.352 6.631
PFD-PROP 3.530 6.073 1.604 2.273

As expected, PROP minimizes the adjustment in terms of delmth M/ AA” and
RM S AL are minimum). Unexpectedly, PROP outperforms PFD in miniing the adjust-
ment in terms of growth rates. The PFD criterion is penalizgderies in the system that
show breaks in movements (e.g. new items from 1998) andmrebanges from positive
to negative values (e.g. changes in business inventori@spvercome this difficulty, the
PFD-PROP procedure adjusts the problematic series anga@PROP while it maintains
the PFD approach for the rest of the series. As it is noticetiainle 1, the PFD-PROP
procedure achieves the minimum values for hbft A and RM SAE.

3At first, we decided to verify the impact of the adjustmentlommain aggregates of the national accounts.
Further investigation on detailed components is currdveipng conducted.
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Figure 6 displays the boxplots dtM SAF (top chart) andRM SAE (bottom chart)
for the 43 aggregates, whereas those of indited A are shown in Figure 7. The visual
inspection of the boxplots confirm that PFD-PROP producesithallest adjustment of the
growth rates, while PROP provides the best results in pregpthe original levels. As for
the growth rates, this conclusion is evident looking at 87/ S A statistics, whereas the
absolute distance metric @ff AA gives a less pronounced difference between the perfor-
mance of PROP as compared to PFD-PROP.

RMSA of levels (1998-2002)

3[] T + T
20t n n |
+
T K3 S
10 + _+ -
PROP PFD PFD-PROP

+
W ——— — — — — — — — — — — — — — —
15 L + -
101 — + + 4
= = =
ol , |
PROP PFD PFD-PROP
Figure 6: Boxplot of RMSA statistics
MAA of levels (1998-2002)
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20+ -
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MAA of growth rates (1998-2002)
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ok %. e— = .
PROP PFD PFD-PROP

Figure 7: Boxplot of MAA statistics
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To understand the different type of adjustment conducte®R®P and PFD-PROP,
it is useful to look at the treatment of some representatires, like GDP (figure 8) and
Output Agriculture (figure 9). In each figure, the left-harthits refer to the levels, the
right-hand charts to the growth rates, and the adjustmersth levels and growth rates
are shown in the bottom charts.

Gross Domestic Product
Levels Growth Rates
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Figure 8: Gross Domestic Product: Adjustments to Levels and Grovete®

Output, Agriculture
Levels Growth Rates
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Figure 9: Output Agriculture: Adjustments to Levels and Growth Rate

is

It clearly appears that the adjustment done by PROP to GDROanput Agriculture
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all in the year 2002, differently from the reconciled estiesaaccording to PFD-PROP,
which produces (growing) adjustments to the levels for tht@e period. This last feature
permits to get ‘'smoothed’ estimates of the growth ratess #uoiding the abrupt ‘jumps’

produced by PROP, with a large positive correction of thdimieary 2002 growth rates.

In the case of Output Agriculture this is worsened by therisies of the direction of the

change: while the preliminary series shows a decline of G@22evel, and consequently
a negative rate of change, the PROP-reconciled value shetveray growth. As a result,

the original movement from 2001 to 2002 is drastically cleghgOn the contrary, the
PROP-PFD procedure distributes the difference betweempritaninary 2002 value and
the benchmark 2002 value over the 1998-2002 period. Thasermsof adjustment that
characterize the PROP-PFD and PROP procedures are evidamtast all the considered
series.

However, it must be said that in some cases the reconcileteiquroduced by PROP
and PFD-PROP are very close. In figure 10 the adjustmentsvétsland growth rates
of Value Added Manufacture are shown. In this case we seePR&P and PFD-PROP
produce similar corrections to the levels, thus giving tese very close dynamic profile of
the reconciled series.

Value added, Manufacture
Levels Growth Rates
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Figure 10: Value Added Manufacture: Adjustments to Levels and GraReles

5. Conclusions

In this paper we have shown how to reconcile annual prelingiseries of national accounts
with quinquennial benchmarks available from 10 tables. @hjective was to minimize the
impact of the adjustment on the movements in the prelimisarnies. In general, we have
found that this objective is best achieved through a coingtdaoptimization procedure
based on a movement preservation principle, in our case Fiedfiterion proposed by
Denton (1971), modified by Cholette (1984). Looking at thaperal dynamics of the
data, the PFD-based procedure is able to smooth the diffeseobserved between the
preliminary and the benchmark data of 2002, reducing theagnpf the correction by
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distributing it over all the years.

However, we have noticed that a PFD adjustment providestigfaszory results for
series that present breaks and changes from positive tdiveegalues. Because these
movements are more difficult to preserve, these series ghmbdjusted according to a
pure proportional criterion. We have shown that a constioptimization procedure that
minimizes a combined PFD-PROP obijective function imprabesoverall adjustment of
the system, minimizing the impact on the year-on-year casmg the preliminary series.
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