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Abstract
We estimate elasticities of substitution between components of the Bank of England’s household-sector
UK Divisia monetary aggregate using quarterly data from 1999 to 2019, encompassing the period sur-
rounding the global financial crisis. The demand system includes interest-bearing sight and time deposits
at monetary financial institutions as components, since deposit data for banks (excluding mutuals) and
for mutuals are no longer published separately. We find that the elasticities of substitution that relate
to changes in the user cost of noninterest-bearing monetary assets imply inelastic substitution over all
or almost all of the sample and, consequently, a conventional monetary aggregate would be a highly
misleading economic indicator relative to a Divisia monetary aggregate.
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1. Introduction
Barnett (1980) developed Divisia monetary aggregates as an alternative to conventional simple
sum monetary aggregates, which are only meaningful economic aggregates if the components of
the aggregate are “perfect substitutes in identical ratios” over the sample; see also Barnett (1982)
and Barnett et al. (1992). As Belongia (1996) explained, simple sum aggregates cannot internal-
ize pure substitution effects unless perfect substitution holds, which in turn would imply that all
pairwise elasticities of substitution between the components are infinite—an assumption that is
strongly rejected empirically. Morishima elasticities of substitution between monetary assets can
be estimated from money demand systems and are frequently used to assess the validity of con-
ventional monetary aggregates vis a vis Divisia aggregates; see, for example, Fisher and Fleissig
(1997), Drake et al. (2003), Jin (2016), Barnett and Gaekwad (2018), Chang and Serletis (2019),
Jadidzadeh and Serletis (2019), and Xu and Serletis (2022).1

Xu and Serletis (2022) argue that low elasticities of substitution between monetary assets imply
that “velocity is easy to predict, and the central bank can target key monetary aggregates to accom-
modate the demand for money and near monies and affect general macroeconomic variations.”
Following this line of reasoning, low elasticities of substitution between monetary assets would
imply that Divisia monetary aggregates could play a role in the conduct of monetary policy, but
that simple sum aggregates would not be reliable money measures. In this paper, we estimate elas-
ticities of substitution between components of the Bank of England’s UK household-sector Divisia
monetary aggregate and analyze their policy implications from 1999 up to 2019, which encom-
passes the period surrounding the global financial crisis but does not include the COVID-19
pandemic.
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Divisia monetary aggregates have been frequently used in economic analysis. Ghosh and Parab
(2019), for example, analyze the time-varying correlation between money growth and industrial
production in a GARCH framework using both Divisia aggregates and conventional monetary
aggregates for the UK and other countries with their results favoring the use of Divisia measures.
Ghosh and Bhaduri (2018) consider the relationship between Divisia measures and exchange rates
for the UK and other countries emphasizing the zero lower bound on interest rates. In the context
of the global financial crisis, Rayton and Pavlyk (2010) illustrated a “recent decoupling” beginning
in mid-2008 between the Bank of England’s Divisia M4 aggregate and the corresponding simple
sum M4 aggregate. Bissoondeeal et al. (2019) test whether real money growth affects the output
gap for the UK using Divisia and simple sumM4 and find stronger results for Divisia M4; see also
Elger et al. (2008). A key finding of our study is that for UK household-sector monetary assets
substitution is generally inelastic in response to changes in the user cost of noninterest-bearing
assets and, consequently, simple sum aggregates are poor indicators of monetary conditions for
the UK relative to Divisia aggregates. Following Xu and Serletis (2022), our results also suggest
a role for Divisia monetary aggregates in the conduct of monetary policy for the UK, since the
estimated substitution elasticities are low on at least some dimensions. More generally, Brill et al.
(2021) highlight the increasing relevance of monetary aggregates in the period of low interest rates
following the global financial crisis and argue that empirical analysis should be based on Divisia
aggregates. They consider a multilateral Divisia monetary aggregate for the Euro-12, which is
constructed from Divisia aggregates for the individual countries. Similarly, Keating et al. (2014)
and El-Shagi and Kelly (2019) consider Divisia monetary aggregates as indicator variables for the
USA and EMU countries, respectively, emphasizing the zero lower bound issue. Belongia and
Ireland (2021) consider the role of Divisia monetary aggregates for the Euro zone.

We estimate a Fourier demand model for components of the Bank of England’s household-
sector Divisia aggregate using quarterly data from 1999 to 2019 and analyze the corresponding
Morishima elasticities of substitution over the sample. The demand system includes interest-
bearing sight and time deposits at monetary financial institutions (MFIs) as components, since
deposit data for banks (excluding mutuals) and for mutuals are no longer published separately
(Bailey, 2014). We show that the Morishima elasticities that are most relevant to monetary policy
are the two that measure substitution in response to changes in the user cost of noninterest-
bearing monetary assets (NIBM). We find that the Morishima elasticity characterizing substi-
tution between noninterest-bearing assets and interest-bearing MFI sight deposits in response
to changes in the user cost of noninterest-bearing assets is less than unity throughout the sam-
ple indicating that substitution is inelastic and the corresponding Morishima elasticity between
noninterest-bearing assets and MFI time deposits is less than unity over most of the sample as
well. All pairs of Morishima elasticities of substitution exhibit asymmetry. In particular, we find
that substitution between noninterest-bearing assets and sight deposits in response to changes in
the user cost of sight deposits is elastic throughout the sample period.

We compare annual growth rates of household-sector Divisia and simple summonetary aggre-
gates corresponding to the components and user costs of our demand system model and find that
the simple sum aggregate understates annual money growth relative to the Divisia aggregate from
2013 on, but that the annual growth rates of the aggregates had converged in 2019. There are also
significant differences between the two aggregates during the global financial crisis. Specifically,
we find that the annual growth rate of the Divisia aggregate turns negative briefly during the
2008–2009 recession, but the simple sum exhibits positive annual growth throughout the reces-
sion. Building on Elger et al. (2008) and Bissoondeeal et al. (2019), we estimate backward-looking
models of detrended real consumption that include lagged growth rates of real household-sector
monetary aggregates using three different detrending methods, and we find evidence of direct
effects of the money measures for two different empirical specifications for all three detrending
methods using quarterly data from 1977 to 2017.
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The remainder of the paper is organized as follows: Section 2 describes the data used in
the demand system; Section 3 briefly describes the Fourier flexible demand model; Section 4
presents the empirical results from the Fourier model regarding substitution; Section 5 considers
the household-sector Divisia aggregate and provides additional empirical analysis; and Section 6
concludes.

2. Monetary assets and user costs for the UK household sector
The quantity and user cost data for our demand system are closely related to the Bank of England’s
household-sector Divisiameasure (Hancock, 2005). Subsequent revisions to the Bank of England’s
Divisia series were described in Berar (2013), Berar and Olwadi (2013), and Bailey (2014).2

2.1. Break-Adjusted Components
We include three household-sector components in our demand system model: (1) NIBM,
(2) interest-bearing MFI sight deposits, and (3)MFI time deposits. We aggregate notes and coin and
noninterest-bearing deposits together as NIBM, since they have the same user cost; see Barnett
(1980). The Bank of England originally treated deposits at banks and building societies as separate
components within its household-sector Divisia measure and began publishing new data separat-
ing deposits into those at banks (excluding mutuals) and those at mutuals beginning in January
2010 (see Berar, 2013). The Bank of England can no longer publish separate deposit data for banks
and mutuals, and the Divisia measures were subsequently revised as explained by Bailey (2014).
Interest-bearing sight deposits and time deposits are now published for MFIs.

The Bank of England’s published data on flows are adjusted to remove the impact of breaks,
but the published data on amounts outstanding are not break-adjusted. Empirical analysis of the
unadjusted amounts outstanding would be distorted by breaks. We construct monthly break-
adjusted series for each of the three components using a formula from the Bank of England.3
Let Mi,t be the amount outstanding (unadjusted) of the ith monetary asset in period t and Fi,t be
the corresponding flow. Break-adjusted indexes, Ii,t , can be constructed for each component using
the following formula:

Ii,t = Ii,t−1

(
1+ Fi,t

Mi,t−1

)
(1)

The growth rates of these indexes are the ratio of the break-adjusted flows to the unadjusted
amounts outstanding in the previous period. Following the Bank of England, these monthly
indexes can be scaled to obtain break-adjusted series that equal the corresponding amounts
outstanding in a reference period.We constructed break-adjusted series for each of the three com-
ponents using April 2020 as the reference period based on monthly seasonally adjusted data; see
Appendix A for details. Figure 1 shows how break adjustment affects NIBM. Estimates of substi-
tution could be distorted by breaks in the series. For example, the break in NIBM near the end
of the sample could be erroneously attributed to substitution out of NIBM into other monetary
assets if the series was not break-adjusted.

2.2. User Costs of Components
Real user costs of the monetary assets are based on the following formula:

πit = Rt − ri,t
1+ Rt

(2)
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Figure 1. Noninterest-bearing monetary assets. Monthly. The solid series is the amount outstanding. The break-adjusted
series is dotted.

where Rt denotes a benchmark rate of return and ri,t is the own rate of return on the ith monetary
asset; see Barnett (1978) and Donovan (1978). Hancock (2005) outlined a series of major revisions
to the construction of the Bank of England’s Divisia aggregates including introducing an envelope
approach to measure the benchmark rate. With this approach, the benchmark rate is the highest
rate of return among the set of monetary assets. As explained by Hancock (2005), the benchmark
rate for the household-sector was the rate on Tax Exempt Special Savings Accounts (TESSAs)
beginning in 1991 and then the rate of return on Individual Savings Accounts (ISAs) beginning
in 1999. Hancock (2005, p. 41) argued this was appropriate since “because of their tax treatment
these accounts are largely held to satisfy a savings motive.”4 Berar and Olwadi (2013) observe,
however, that “[t]he benchmark rate for household Divisia money has tended to be the rate on
time deposits excluding ISAs” rather than the ISA rate. In the Bank of England’s Divisia measure,
when the interest rate on ISAs falls below the upper envelope, ISAs have a positive expenditure
share, whereas the monetary asset associated with the highest rate will have an expenditure share
of zero. We do not include ISAs as a component in our demand system following Hancock’s
reasoning.

Berar and Olwadi (2013) explain that a new effective rate of return on ISAs was introduced in
January 2011. They predicted that the new effective rate series for ISAs would “most likely” be the
benchmark rate in the future. They show that the new ISA rate is considerably higher than the old
one and that the change led to significant revisions to household-sector Divisia money growth.
Berar and Olwadi (2013) further explain that the interest rate on time deposits excluding ISAs
used to calculate the household-sector Divisia measure is also affected by the change, since that
rate is “calculated by residual based on the interest rates for all time deposits and the interest rates
for ISAs.” We adopt an alternative approach to construct user costs for our empirical analysis.
The Bank of England publishes an extensive set of monthly effective interest rate series based on
a representative sample of MFIs covering 75% of business in each sector, although only banks are
included before 2010. According to the Bank of England, “from January 2010, the published data
are combined bank and building society rates for all series instead of a bank-only rate.”5 We use
the household-sector rates on outstanding sterling deposits with UK MFIs for sight deposits and
time deposits from this source as own rates for the corresponding components.

For NIBM, the own rate (ri,t) is zero and, consequently, their user cost varies directly with the
benchmark rate, Rt . For interest-bearing sight and time deposits, ri,t is measured by the effective
rates as described above. These own rates are shown in Figure 2. The recession from 2008Q2 to
2009Q2 is shaded.6 We set the benchmark rate equal to the upper envelope of the two deposit
rates plus a small liquidity premium, which ensures positive user costs and expenditure shares
for both components. In practice, the time deposit rate exceeds the sight deposit rate throughout
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Figure 2. Household-sector own rates. Monthly. Effective interest rates, UK MFIs, outstanding deposits. The solid series is
the interest rate on time deposits and the dotted series is the rate on interest-bearing sight deposits. Recession is shaded.

our sample, so our approach implies that the user cost for sight deposits varies with the spread
between the time deposit rate and the sight deposit rate.

Incorporating a liquidity premium in the benchmark rate is common in the Divisia literature.
Bissoondeeal et al. (2010) used a benchmark rate equal to the 3-month Treasury bill rate plus 250
basis points in their UK study covering 1977–2008.7 Stracca (2004) constructed a Euro-11 Divisia
M3 aggregate for 1980–2000. He set the benchmark rate equal to a 3-month market interest rate,
which exceeded the estimated own rates of the other components, plus a liquidity premium of 60
basis points. He states (p. 317) “that similar values of the premium lead to very similar patterns
of the Divisia monetary aggregate.” Anderson and Jones (2011) calculated Divisia aggregates for
the USA using their “preferred” benchmark rate equal to the upper envelope of the own rates of
return for their broadest Divisia index for the USA as well as a set of short-term market rates plus
100 basis points.8 We chose to use the more conservative value of 60 basis points for our liquidity
premium.

3. Fourier demand system
We estimate elasticities of substitution from the semi-nonparametric Fourier flexible functional
form because it is dense in a Sobolev norm and can globally approximate the levels and partial
derivatives of a continuous utility function giving arbitrary unconstrained estimates of elasticities
of substitution; see Gallant (1981) and El Badawi et al. (1983). The asymptotically ideal model
(AIM) of Barnett and Jonas (1983) is an alternative functional form with the same property. For
the UK, Drake et al. (2003) estimated an AIM model for components of the Bank of England’s
personal-sector Divisia aggregate from 1977 to 1994.9 Drake and Fleissig (2004) estimated a
Fourier demand model for UKmonetary assets that includes foreign currency holdings of sterling
from several European countries.10 A main advantage of the AIM and Fourier demand models is
that they can provide global approximations to the underlying data generating function.11

Let at be the vector of real, per capita, quantities of the three components in period t and let γ t
be the corresponding vector of nominal user costs. Nominal user costs are equal to real user costs
multiplied by an appropriate price index. The three household-sector monetary assets are as fol-
lows: a1 denotes NIBM, a2 denotes interest-bearing MFI sight deposits, and a3 denotes MFI time
deposits. Expenditure shares for the three components are given by si,t = γi,tai,t/yt , and vt = γ t/yt
is the vector of expenditure normalized user costs, where yt = γ t

′at is total expenditure on mon-
etary services. As in Serletis and Xu (2020), weak separability is a maintained hypothesis in our
model; see Jin (2016), Barnett and Gaekwad (2018), Chang and Serletis (2019), and Fleissig and
Swofford (2020) for additional discussion.12 We assume that the three household-sector monetary
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assets are a weakly separable block, which implies that the marginal rates of substitution between
these assets are independent of the quantities of all other decisions variables such as consump-
tion and leisure. Consequently, the second-stage utility maximization problem can be written
as maxa U(a), subject to a budget constraint of the form γ ′a= y; see, for example, Barnett and
Gaekwad (2018, p. 260).

We form quarterly averages of the monthly break-adjusted components and convert them
to real terms using an implicit price index for total UK domestic consumption. The quarterly
averaged real user cost series are converted to nominal terms using the same price index. Real
quantities are converted to per-capita terms using the quarterly interpolatedmid-year UK resident
population. The price index is the ratio of total UK domestic household final consumption expen-
diture at current prices (seasonally adjusted) to the corresponding chained volume measure from
Consumer Trends (Office for National Statistics). The quarterly interpolated population series is
also from the Office for National Statistics. The estimation period for the Fourier demand system
is 1999Q1 to 2019Q4.

The Fourier flexible form indirect utility function is defined as follows (Gallant, 1981):

f (v, θ) = u0 + b′v+ 1
2
v′Cv+

A∑
α=1

⎛
⎝u0α + 2

J∑
j=1

[
ujα cos

(
jk

′
αv

)
−wjα sin

(
jk

′
αv

)]⎞⎠ (3)

where C = − ∑A
α=1 u0αkαk

′
α and the vector of parameters to be estimated θ =

{b, u0α , ujα ,wjα : j= 1, 2, . . . , J;α = 1, 2, . . . ,A}. A multi-index, kα, denotes partial differentiation
of the utility function. The corresponding share equations

si (v, θ) =
bivi − ∑A

α=1

(
u0αv′kα + 2

∑J
j=1 j

[
ujα sin

(
jk

′
αv

)
+wjα cos

(
jk

′
αv

)])
kiαvi

b′v− ∑A
α=1

(
u0αv′kα + 2

∑J
j=1 j

[
ujα sin

(
jk

′
αv

)
+wjα cos

(
jk

′
αv

)])
k
′
αv

(4)

are estimated using the International TSP 4.5 seemingly unrelated regression procedure.
Following Gallant (1981), we scale the expenditure normalized user costs so that 0< vi < 2π .
The parameters of the Fourier demand system are homogenous of degree zero, and the normal-
ization of b3 = −1 is imposed to estimate the system of share equations. The number of terms and
degree of the Fourier polynomials are determined by the parameters A and J through empirical
testing. The degree of the Fourier polynomials are determined by the upward F-test procedure
of Eastwood (1991), and multiple multi-indices with multiple starting values were used to ensure
convergence to the global optimum as in Drake and Fleissig (2004, 2008, 2009, 2010), Jones et al.
(2008), Anderson et al. (2019), and Fleissig and Swofford (2020). There was evidence of autocor-
relation in the demand system. A first-order vector autoregressive process is applied to correct
for serial correlation (Berndt and Savin, 1975). Convergence was set at 0.00001 with estimates
of A= 3 and J = 1 determined by the upward F test procedure of Eastwood (1991). The Fourier
parameter estimates are provided in Table 1. The share equations provide an accurate approxi-
mation to the data in terms of the R-square and root mean square error. The Q-statistic with the
Box−Pierce test for autocorrelation for each share indicate white noise at the five percent level.

Theoretical regularity conditions for positivity, monotonicity, and curvature for the Fourier
flexible form demand system have been evaluated by Serletis and Shahmoradi (2005) and Drake
and Fleissig (2009), and we follow their procedures.13 Positivity is satisfied if the estimated share
equations are nonnegative (si(v, θ̂)≥ 0) for all assets. Monotonicity is satisfied if the gradient of
the estimated indirect utility function is strictly negative (∇f (v, θ̂)< 0), and curvature is satisfied
if the Slutsky matrix is negative semi-definite.14 For this UK dataset, there were no violations
of regularity conditions. Serletis and Shahmoradi (2005) and Drake and Fleissig (2009) found
some curvature violations when estimating the Fourier flexible form. These papers also provide
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Table 1. Parameters of Fourier flexible form

RMSE R square Q-statistic

Share 1 0.0000212 0.98435 2.83549
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Share 2 0.0000033 0.98978 3.23544
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Parameter Parameter estimate Standard error t-statistic
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

b1 0.0385 0.0072 5.3863
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

b2 −0.1353 0.0324 −4.1826
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

u01 0.0433 0.0185 2.3436
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

u02 0.4443 0.0655 6.7861
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

u03 −0.1242 0.0354 −3.5058
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

u11 0.4327 0.1455 2.9741
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

u12 −0.0436 0.0365 −1.1928
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

u13 0.2866 0.1243 2.3064
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

w11 −0.0365 0.0283 −1.2901
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

w12 −0.1044 0.0321 −3.2478
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

w13 0.0122 0.0035 3.5089
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ρ 0.9435 0.1333 7.0787

Note: The estimation is performed in International TSP 4.5 with convergence set at 0.00001. Multiple starting values and multi-
indexes were used to ensure convergence to the global optimum. The upward F-test procedure of Eastwood (1991) is used to
determine the degree of the of the Fourier polynomials with A= 3 and J= 1, and a normalization of b3 = −1 is imposed in
estimation. A first-order vector autoregressive process as in Berndt and Savin (1975) was used to correct for serial correlation.

estimates of the model with curvature conditions imposed following the approach of Gallant and
Golub (1984).15

4. Elasticities of substitution
We estimate Morishma elasticities of substitution from the Fourier demand model. Let MEij
denote the Morishima elasticity of substitution between monetary asset i and monetary asset j,
which characterizes substitution between these assets in response to a ceteris paribus change in
the user cost of asset i (γi).16 The Morishima elasticity shows how agents substitute funds between
the pairs of assets in response to a change in one of the asset’s user costs and determines whether
substitution is elastic or inelastic in response to such a change. More technically, Blackorby and
Russell (1989) show that

∂ ln(γix∗
i /γjx

∗
j )

∂ ln(γi/γj) = 1−MEij, where x∗
i denotes the compensated demand

for asset i. Monetary assets are elastic (inelastic) substitutes when MEij > 1 (0<MEij < 1). Thus,
inelastic substitution implies that, holding utility constant, the share of asset i decreases relative
to the share of asset j when the user cost of the ith asset decreases. The Morishima elasticity need
not be symmetric, becauseMEij captures substitution in response to a ceteris paribus change in γi,
whereasMEji relates to a ceteris paribus change in γj.

Figure 3 shows the quarterly real user costs for NIBM and interest-bearing MFI sight deposits.
We do not show the user cost for MFI time deposits in the figure, since in practice the benchmark
rate is the time deposit rate plus the liquidity premium. The user cost of NIBM follows the bench-
mark rate since its own rate is zero. Consequently, the user cost of NIBM declines significantly
during 2001–2003 and again during the 2008–2009 recession. The user cost of MFI sight deposits
is roughly constant during 1999–2001, then declines through mid-2004, but then gradually trends
upward until the 2008–2009 recession. During the recession, the user cost increases initially, but
then decreases and is then roughly constant through the end of 2012. Both user costs gradually
decline in tandem beginning around 2013.
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Table 2. Morishima elasticities of substitution

Elasticity Mean Minimum Maximum Standard deviation

ME12 0.866 0.607 0.950 0.108
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ME13 0.698 0.402 1.127 0.185
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ME21 1.635 1.548 1.761 0.040
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ME23 1.160 0.727 1.542 0.211
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ME31 0.320 0.184 0.404 0.044
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ME32 0.315 0.277 0.398 0.026

Note: MEij = Morishima elasticity of substitution between assets i and j for a change in the user cost of asset i. a1 denotes
noninterest-bearing monetary assets (NIBM). a2 denotes interest-bearing MFI sight deposits. a3 denotes MFI time deposits.

Figure 3. Real user costs. Quarterly. The solid series is the user cost of noninterest-bearing monetary assets (NIBM). The
dotted series is the user cost of sight deposits. Recession is shaded.

Morishima elasticities are calculated at each observation from the estimated Fourier demand
system and are all significantly different from zero at the 5% level. As Barnett et al. (1992) explain,
estimated elasticities of substitution change over the sample corresponding to changes in the
underlying user cost data used to estimate the demand system model from which the estimated
substitution elasticities are derived. Table 2 presents the minimum and maximum values of these
estimated elasticities over the sample as well the sample average and standard deviation. The
summary statistics provide strong evidence of asymmetry with respect toME12 andME21. These
elasticities relate to substitution between NIBM (a1) and interest-bearing MFI sight deposits (a2)
in response to ceteris paribus changes in the user costs of NIBM and sight deposits, respectively.
ME12 is 0.866 on average with a maximum value of 0.95 implying inelastic substitution through-
out the sample between NIBM and sight deposits in response to a change in the user cost of NIBM.
In contrast, the minimum value ofME21 is 1.548 indicating that substitution between these assets
is elastic in response to a change in the user cost of sight deposits throughout the sample.

The summary statistics also provide strong evidence of asymmetry with respect to ME23 and
ME32, which relate to substitution between interest-bearing MFI sight deposits (a2) andMFI time
deposits (a3) in response to ceteris paribus changes in the user costs of sight and time deposits,
respectively. The average value ofME32 is 0.315 as compared to an average value of 1.16 forME23
andME32 is less than 0.4 throughout the sample, whereasME23 is always above 0.7. We also find
thatME13 exceedsME31 throughout our sample, although their ranges overlap slightly. Thus, all
three pairs of Morishima elasticities exhibit asymmetry throughout our sample.

Figure 4 shows the Morishima elasticities of substitution between NIBM and sight deposits,
ME12 and ME21, over our sample. As the figure shows, ME12 is roughly constant and just below
unity throughout most of the sample, but then declines significantly in the last several years.ME21
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Figure 4. Morishima elasticities of substitution between NIBM and interest-bearing MFI sight deposits. Quarterly. The solid
series isME21. The dotted series isME12. Recession is shaded.

Figure 5. Morishima elasticities of substitution between sight and time deposits. Quarterly. The solid series is ME23. The
dotted series isME32. Recession is shaded.

lies within a narrow band and is above 1.5 throughout the sample. Figure 5 shows the Morishima
elasticities between sight and time deposits, ME23 and ME32. ME23 is almost always above unity
until mid-2014, implying elastic substitution, but it declines in the latter part of our sample and
is below unity from the last quarter of 2014 through the end of the sample. As previously noted,
ME32 is always below 0.4 throughout the sample.

Asymmetric Morishima elasticities of substitution between monetary assets are a common
finding in the literature (see, e.g., Fleissig and Swofford, 2020), and our findings have some prece-
dent in the previous UK literature. Drake et al. (2003) estimate Morishima elasticities for UK
personal-sector monetary assets from 1977 to 1994 for three components: NIBM, an aggregate of
interest-bearing sight deposits and building society deposits, and time deposits at banks.17 They
find “the strongest and most consistent evidence of asset substitution” between their aggregate of
interest-bearing sight deposits and building society deposits and time deposits at banks (p. 112).
The corresponding elasticities from their study are roughly comparable to our ME23 and ME32,
which are based on MFI sight and time deposits. They find that ME32 is below ME23 throughout
their sample with estimates of ME32 that are well below unity and sometimes negative (indicat-
ing complementarity). Notably, given the differences in time periods and the definitions of the
components, their estimate of ME23 at the end of 1994 and our estimate of the roughly com-
parable elasticity based on MFI sight and time deposits at the beginning of our sample are very
close. Drake et al. (2003) also estimate Morishima elasticities between NIBM and their aggregate
of interest-bearing sight deposits and building society deposits, which are roughly comparable to
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ourME12 andME21. Their estimates ofME21 are usually higher than their estimates ofME12, and
their estimate ofME21 at the end of 1994 is also very close to our estimate of the roughly compa-
rable elasticity at the beginning of our sample. On the other hand, Drake, Fleissig, and Swofford’s
estimates of ME12 are frequently very low and sometimes negative, and their estimates of ME13
are frequently negative and are often below their estimates ofME31.

Jones et al. (2008) estimate a Fourier demand model for the USA and argue that a par-
ticular subset of the Morishima elasticities can be used to “directly characterize monetary
asset substitution responses to monetary policy.” Their benchmark rate was based on the
6-month Treasury bill rate, which was highly correlated with the Federal Funds rate. As a result,
the user cost of noninterest-bearing monetary assets moved in line with the Federal Funds rate. In
contrast, the own rates on small-time deposits and money market funds “move closely in line with
Treasury bill rates” implying that their user costs “should be largely invariant to Federal Funds rate
changes.” Consequently, Jones et al. (2008) characterize monetary asset substitution in response to
changes in the Federal Funds rate in terms of Morishima elasticities between noninterest-bearing
assets and both small-time deposits and money market funds in response to changes in the user
cost of noninterest-bearing assets and similarly for checkable deposits and savings deposits; see
also Fleissig and Jones (2015).

For our household-sector UKmodel, the Morishima elasticities that are most relevant to mon-
etary policy areME12 andME13, which measures substitution between NIBM and sight and time
deposits, respectively, in response to changes in the user cost of NIBM. Prior to the 2008–2009
recession, changes in the Bank of England’s official Bank Rate are reflected in the own rate of
return on time deposits and, consequently, in the user cost of NIBM, since the benchmark rate
is the time deposit rate plus a small liquidity premium. Bank Rate was reduced to 2% by the
end of 2008 and to 0.5% in March of 2009. The own rates of return on both sight and time
deposits declined heading into the 2008–2009 recession and declined sharply during the reces-
sion as seen in Figure 2. The user cost of NIBM declined heading into the 2008–2009 recession
and then declined sharply during the recession before stabilizing. In contrast, the user cost of MFI
sight deposits was gradually trending upward heading into the recession. During the recession, it
increased initially but then decreased. As seen in Figure 3, if we compare their values at the end of
2009 to those at the beginning of 2008, thus encompassing the recession, the user cost of NIBM
decreased significantly, while the user cost of sight deposits was roughly constant. Consequently,
ME12 andME13, which measure substitution between NIBM and sight and time deposits, respec-
tively, in response to ceteris paribus changes in the user cost of NIBM are the most relevant for
this episode.

Figure 6 compares these two elasticities over our full sample. As discussed previously, ME12
corresponds to inelastic substitution throughout the sample, which implies that the expenditure
share of NIBM decreases relative to the share of sight deposits in response to a decrease in the
user cost of NIBM. ME13 is usually below ME12 indicating that substitution is generally inelastic
on this dimension as well. It trends upward, however, for several years reaching its maximum
value (1.127) at the end of 2007 implying elastic substitution heading into the recession. It declines
sharply during the recession and remains below 0.75 throughout the remainder of our sample.

We conclude that substitution between NIBM and sight and time deposits, respectively, in
response to changes in the user cost of NIBM, as measured by ME12 and ME13, is inelastic over
all or almost all of our sample, which implies that conventional simple sum monetary aggregates
would be highly misleading economic indicators since they require all monetary assets to be per-
fect substitutes. In contrast, the most elastic substitution corresponds to ME21, which measures
substitution between NIBM and interest-bearing MFI sight deposits in response to changes in the
user cost of sight deposits. Substitution between sight and time deposits in response to changes
in the user cost of sight deposits as measured by ME23 is also generally elastic except in the last
several years of our sample.
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Figure 6. Morishima elasticities of substitution for changes in the user cost of NIBM. Quarterly. The solid series is ME13. The
dotted series isME12. Recession is shaded.

5. Household-sector Divisia aggregates for the UK
The Bank of England’s Divisia measures are based on the following formula (Hancock, 2005):

�Dt
Dt−1

=
∑
i

(
si,t + si,t−1

2

)
�Mi,t
Mi,t−1

(5)

where si,t = (Rt−ri,t)Mi,t∑
j (Rt−rj,t)Mj,t

is the expenditure share of the ithmonetary asset. Thus, the growth rates
of the Divisia measures weight the growth rates of the componentmonetary assets by their average
expenditure shares. The expenditure shares of NIBM exceed their weights within a corresponding
simple sum monetary aggregate as discussed, for example, by Anderson et al. (2019). The Bank
of England calculates the Divisia measures using non-break-adjusted levels,Mi,t , but using break-
adjusted flows, Fi,t , to measure �Mi,t as explained by Hancock (2005).

Following the same approach, we constructed a household-sector Divisia aggregate corre-
sponding to the components of our demand system model based on the user costs described
in Section 2.2 using monthly data on the flows and amounts outstanding of notes and coin,
noninterest-bearing deposits, interest-bearingMFI sight deposits, andMFI time deposits. Figure 7
compares the annual growth rates of this Divisia aggregate with those of the Bank of England’s
monthly household-sector Divisia aggregate. The Bank of England’s household-sector Divisia
aggregate places a positive expenditure share weight on the growth rate of TESSAs after ISAs
are introduced in 1999, although the share was “low and declines rapidly” through the first quar-
ter of 2004 after which TESSA balances are zero; see Elger et al. (2008, p. 122). We compare the
annual growth rates of these aggregates beginning in April 2005, since our aggregate does not
include TESSAs. The growth rates of the two Divisia aggregates are similar, but the growth rates
of our Divisia aggregate are generally lower than that of the Bank of England’s Divisia measure
following the recession. For the Bank of England’s measure, when the interest rate on ISAs falls
below the upper envelope, the expenditure share of ISAs becomes positive and the growth rate of
ISAs receives a positive weight in the growth rate of the aggregate, whereas the user cost of the
component with the highest own rate becomes zero. In contrast, our aggregate does not include
ISAs and the user costs underlying it are always positive.18 Evidently, the Divisia aggregate is fairly
robust over this period in that it is not greatly impacted by these differences related to the user
costs and the differential treatment of ISAs.

Figure 8 compares the annual growth rates of our household-sector Divisia aggregate to those
of the corresponding simple sum monetary aggregate for the components of our demand system
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Figure 7. Annual growth rates of household-sector Divisia measures. Monthly. Annual growth rates, (Dt − Dt−12)/Dt−12, as a
percentage. The solid series is the Divisia aggregate corresponding to the components of our demand system model based
on the user costs described in Section 2.2. The dotted series is the Bank of England’s household-sector Divisia measure.
Recession is shaded.

Figure 8. Annual growth rates of household-sector Divisia and simple sum aggregates. Monthly. Annual growth rates,
(Dt − Dt−12)/Dt−12, as a percentage. The solid series is theDivisia aggregate corresponding to the components of our demand
systemmodel based on the user costs described in Section 2.2. The dotted series is the corresponding simple summonetary
aggregate. Recession is shaded.

over the same period as the previous figure. These aggregates exhibit very different annual growth
rates during the period surrounding the global financial crisis. Annual growth of the household-
sector Divisia aggregate was generally below that of the simple sum in the period leading up to
the 2008–2009 recession and during the recession. There was a steep decline in the user cost of
NIBM during the recession and the annual growth rate of Divisia turned slightly negative, while
the simple sum aggregate’s annual growth rate declined but remained positive throughout the
recession. Along the same lines, Rayton and Pavlyk (2010) found that annual growth of the Bank of
England’s broader Divisia M4 measure was barely positive during the same period, while growth
of the corresponding simple sumM4 aggregate had “nearly doubled in the last year.” Immediately
following the recession, however, our household-sector Divisia aggregate grew at higher annual
rates than the simple sum aggregate. We also find that the simple sum aggregate understated
annual money growth relative to our Divisia aggregate throughout the period from 2013 to 2018.
The spread between the annual growth rates of the aggregates gradually narrowed from 2014 on
with the annual growth rates of the two aggregates converging in 2019.
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To gain additional insight into the role of money in the UK economy, we estimate backward-
looking models based on Elger et al. (2008) and Bissoondeeal et al. (2019). Bissoondeeal et al.
(2019) estimated a backward-looking IS curve equation of the following form:

g̃t = β0 + β1g̃t−1 + β2g̃t−2 + γ r̃t−1 + ϕ�4mt−1 + εt (6)

using quarterly UK data from 1977 to 2013, where g̃t is the output gap, r̃t is a smoothed real
interest rate variable, and �4mt is the annual change in the log of a real money measure.19 For
the money measures, they used the UKDivisia and simple sumM4 aggregates, and they measured
the output gap by detrending the log of real GDP using both the HP and Hamilton filters and by
estimating a quadratic time trend. For the real interest rate, they used the four-quarter average of
a Treasury bill rate minus annual inflation based on the consumer price index (CPI), which they
also use to convert money and nominal output to real terms. Bissoondeeal et al. (2019) tested for
breaks in the data over the sample and estimated the model over three shorter samples based on
the results. They identify breaks related to three events: “a recession in early 1980s, the UK exiting
the ERM [exchange rate mechanism] in 1992 and the recent financial crisis” (p. 103).

In line with our focus on household-sector money demand, we estimate equation (6) using
detrended real consumption rather than GDP. Specifically, real consumption is the quarterly sea-
sonally adjusted chained volume measure for total UK national household final consumption
expenditure from Consumer Trends (Office for National Statistics). To calculate g̃t , we detrended
the natural log of real consumption using the same three methods that Bissoondeeal et al. (2019)
used for real GDP.20 The real interest rate is defined as r̃t = ∑3

j=0 Rt−j − �4pt , where Rt is a short-
term nominal interest rate (as a quarterly fraction of the annual rate) and pt is the natural log of
a price index; see, for example, Binner et al. (2009, p. 105). We use a quarterly average rate on 3-
month Treasury bills, which is available until 2017. This, in turn, determines the end point of our
sample period for the estimations. For pt , we calculate a deflator corresponding to the measure of
real consumption described above, which we also use to convert the monetary aggregates to real
terms.

We estimate a baseline version of the model that omits lagged annual real money growth,
�4mt−1, and we estimate the model using the Bank of England’s quarterly household-sector
Divisia series, which is available beginning in 1977. We also estimate the model using a quar-
terly household-sector Divisia aggregate that we constructed over the same period, which is based
on a benchmark rate equal to the highest own rate plus 60 basis points. Beginning in 1999, this
series corresponds to quarterly averages of the monthly Divisia series we constructed above; see
Appendix B for further details. For comparison purposes, we also estimated the model using a
simple sum aggregate. The Bank of England publishes quarterly series on the outstanding amount
of M4 liabilities to the household sector and corresponding quarterly changes.21 We constructed
a corresponding break-adjusted series from these data using the same method described in
Section 2.1, and we estimated the models using this series as well. The results are reported in
Table 3, where D1 indicates results based on the Divisia aggregate we constructed, D2 indicates
results for the Bank of England’s household-sector Divisia aggregate, and SUM indicates results
for break-adjusted M4 liabilities to the household sector. The effective sample period is 1978Q2
to 2017Q2 due to the inclusion of lagged real Divisia money growth.

We find evidence of direct effects of the household-sector money measures on real consump-
tion for the full sample for all three detrending methods. Specifically, we find that the coefficient
on lagged real money growth is positive and statistically significant at the 1% level for both Divisia
aggregates for all three detrending methods for the full sample. The coefficient on lagged real
money growth is also positive and statistically significant at the 1% level for the simple sum aggre-
gate for quadratic detrending and for the HP filter, but it is not statistically significant for the
Hamilton filter.22 These results are similar to Bissoondeeal et al. (2019) who found for their full
sample that Divisia M4 was statistically significant in their regressions based on GDP using all
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Table 3. Effects of household-sector monetary aggregates on real consumption

Full sample 2008Q4 to 2017Q2 1993Q2 to 2008Q2

D1 D2 SUM D1 D2 SUM D1 D2 SUM

Quadratic Detrending
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

β0 −0.0018 −0.0058 −0.0066 −0.0058 −0.0146 −0.0157 −0.0159 −0.0178 0.0006 0.0008 0.0001 −0.0007
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0011) (0.0012) (0.0014) (0.0017) (0.0025) (0.0028) (0.0028) (0.0037) (0.0023) (0.0022) (0.0022) (0.0024)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

g̃t−k , k= 1, 2
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

β1 0.8318 0.5912 0.6256 0.7375 0.3328 0.2975 0.2908 0.2918 0.8131 0.7082 0.7239 0.7689
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0809) (0.0828) (0.0837) (0.0847) (0.1673) (0.1713) (0.1720) (0.1699) (0.1439) (0.1463) (0.1439) (0.1461)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

β2 0.1391 0.3399 0.3165 0.2132 0.2090 0.2706 0.2786 0.2700 0.1564 0.2046 0.1929 0.1556
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0796) (0.0788) (0.0804) (0.0813) (0.1242) (0.1396) (0.1413) (0.1339) (0.1419) (0.1385) (0.1376) (0.1407)
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r̃t−1
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

γ 0.0711 0.0759 0.0613 0.0265 0.3524 0.2987 0.2995 0.2381 0.0664 −0.0127 0.0176 0.0309
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0305) (0.0274) (0.0281) (0.0331) (0.1046) (0.1184) (0.1165) (0.1423) (0.0570) (0.0651) (0.0589) (0.0619)
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�4mt−1
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ϕ – 0.1274 0.1362 0.1225 – 0.0457 0.0448 0.1180 – 0.1000 0.0982 0.0955
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

– (0.0209) (0.0254) (0.0403) – (0.0472) (0.0437) (0.1003) – (0.0439) (0.0424) (0.0680)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

R2 0.9650 0.9719 0.9706 0.9670 0.8380 0.8429 0.8435 0.8451 0.9814 0.9829 0.9830 0.9820

Hamilton filter
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β0 −0.0001 −0.0036 −0.0047 −0.0023 −0.0016 −0.0146 −0.0152 −0.0212 −0.0002 0.0018 0.0017 0.0039
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(0.0018) (0.0020) (0.0022) (0.0028) (0.0036) (0.0062) (0.0066) (0.0091) (0.0035) (0.0040) (0.0041) (0.0044)
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g̃t−k , k= 1, 2
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β1 0.9173 0.8105 0.8277 0.8996 1.0036 0.7778 0.7809 0.8547 0.7658 0.7659 0.7659 0.7517
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(0.0810) (0.0834) (0.0839) (0.0829) (0.1689) (0.1809) (0.1833) (0.1705) (0.1449) (0.1449) (0.1452) (0.1435)
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β2 −0.0428 −0.0194 −0.0344 −0.0511 −0.1310 −0.0724 −0.0768 −0.1210 0.0031 0.0412 0.0340 0.0583
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0807) (0.0780) (0.0786) (0.0811) (0.1694) (0.1586) (0.1597) (0.1586) (0.1291) (0.1345) (0.1345) (0.1326)

https://doi.org/10.1017/S1365100522000724 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1365100522000724


M
acroeconom

icD
ynam

ics
65

Table 3. Countinued.

Full sample 2008Q4 to 2017Q2 1993Q2 to 2008Q2

D1 D2 SUM D1 D2 SUM D1 D2 SUM

r̃t−1
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

γ 0.0253 0.0194 0.0112 −0.0018 −0.1244 −0.4597 −0.4338 −0.7074 0.1038 0.1011 0.0916 0.0877
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0471) (0.0454) (0.0460) (0.0541) (0.2042) (0.2323) (0.2307) (0.3151) (0.1177) (0.1177) (0.1189) (0.1168)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

�4mt−1
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ϕ – 0.1283 0.1400 0.0700 – 0.2750 0.2468 0.5634 – −0.0448 −0.0384 −0.0836
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

– (0.0354) (0.0450) (0.0688) – (0.1108) (0.1039) (0.2421) – (0.0444) (0.0453) (0.0544)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

R2 0.7842 0.8013 0.7971 0.7856 0.8241 0.8541 0.8520 0.8510 0.7262 0.7311 0.7297 0.7373

HP filter
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

β0 0.0003 −0.0011 −0.0021 −0.0034 −0.0011 −0.0087 −0.0094 −0.0158 0.0042 0.0044 0.0043 0.0045
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0010) (0.0010) (0.0011) (0.0014) (0.0018) (0.0025) (0.0026) (0.0042) (0.0019) (0.0020) (0.0021) (0.0023)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

g̃t−k , k= 1, 2
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

β1 0.6150 0.5383 0.5146 0.5042 0.6690 0.2494 0.2227 0.2617 0.7400 0.7398 0.7397 0.7402
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0788) (0.0794) (0.0801) (0.0819) (0.1786) (0.1878) (0.1895) (0.1854) (0.1291) (0.1301) (0.1302) (0.1302)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

β2 0.1886 0.2523 0.2457 0.2026 −0.0211 0.0879 0.1046 0.0263 0.1862 0.1943 0.1914 0.1944
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0786) (0.0782) (0.0769) (0.0758) (0.1678) (0.1441) (0.1438) (0.1415) (0.1426) (0.1451) (0.1461) (0.1479)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

r̃t−1
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

γ −0.0067 −0.0211 −0.0290 −0.0699 0.0371 −0.0744 −0.0605 −0.3182 −0.0948 −0.0888 −0.0933 −0.0936
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0250) (0.0245) (0.0247) (0.0298) (0.1034) (0.0920) (0.0900) (0.1287) (0.0501) (0.0527) (0.0511) (0.0508)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

�4mt−1
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ϕ – 0.0589 0.0807 0.1271 – 0.1897 0.1786 0.4561 – −0.0096 −0.0051 −0.0078
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

– (0.0172) (0.0213) (0.0352) – (0.0510) (0.0468) (0.1220) – (0.0243) (0.0253) (0.0331)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

R2 0.5890 0.6184 0.6244 0.6213 0.4455 0.6207 0.6266 0.6217 0.7337 0.7344 0.7338 0.7339

Note: The full sample period is 1978Q2 to 2017Q2. D1 denotes the household-sector Divisia aggregate based on a benchmark rate equal to the upper envelope of the own rates plus 60 basis points (see
Appendix B for details). D2 denotes the Bank of England’s household-sector Divisia aggregate. SUMdenotes the break-adjusted series for M4 liabilities to the household sector. Standard errors for parameter
estimates are in parentheses.
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three detrending methods, but that simple sumM4 was only statistically significant at the 5% level
for the HP filter, although it was close for quadratic detrending.

Bissoondeeal et al. (2019) also estimated theirmodel over three subsamples: 1982Q1 to 1991Q3,
1993Q2 to 2008Q2, and from 2008Q4 through the end of their sample period (2013Q4). They
found that Divisia and simple sum M4 were both significant in the first subsample for all three
detrending methods, but that only Divisia M4 was significant in the latter two subsamples and in
each one only for two of the three detrending methods. We also estimated our model over the
corresponding subsamples. We report results for 1993Q2 to 2008Q2 and for 2008Q4 to 2017Q2
in Table 3, but we do not show the results from the earlier subsample to save space. For 1982Q1
to 1991Q3, we found that the coefficient on lagged real money growth is positive and statistically
significant at the 5% level for both Divisia aggregates for quadratic detrending and the Hamilton
filter and at the 10% level for the HP filter.23 For 1993Q2 to 2008Q2, the coefficient on lagged
real money growth is positive and statistically significant at the 5% level for both Divisia aggre-
gates for quadratic detrending, but it is not significant for either Divisia aggregate for the other
two detrending methods and the estimated coefficients are negative. With regard to real money
growth, the results for this subsample are evidently not robust to the detrending method, but the
results for quadratic detrending are generally in line with the results discussed previously. For the
simple sum aggregate, the coefficient on lagged real money growth is not statistically significant
for either the 1982Q1 to 1991Q3 or 1993Q2 to 2008Q2 subsamples for any of the three detrend-
ing methods. For 2008Q4 to 2017Q2, the coefficient on lagged real money growth is positive and
statistically significant at the 5% level for all three monetary aggregates for the Hamilton filter and
at the 1% level for the HP filter, but it is not statistically significant for any of the three monetary
aggregates for quadratic detrending.

Taken together, our results for real consumption point to the advantages of using a Divisia
aggregate relative to conventional monetary aggregates similar to the results from Bissoondeeal
et al. (2019) for GDP. The growth rates of the Divisia aggregates are both highly statistically sig-
nificant in our model for the full sample for all three detrending methods, and they are both
statistically significant for at least one of the detrending methods in each of the three subsam-
ples. In contrast, the growth rate of the simple sum aggregate is only statistically significant for
the full sample for two of the three detrending methods and is not significant in two of the three
subsamples for any of the three detrending methods.

Elger et al. (2008) estimated a model for the output gap incorporating four lags of quarterly real
money growth. Their model is as follows:

g̃t = β0 +
4∑

k=1

βkg̃t−k +
4∑

k=1

γkr̃t−k +
4∑

k=1

θk�mt−k + εt (7)

where r̃t is defined in the same way as above and �mt denotes the quarterly change in the log
of a real money measure. Elger et al. (2008) measured the output gap as deviations of the log of
real GDP from an estimated quadratic time trend. They found strong evidence of direct effects
for four household-sector Divisia aggregates and the monetary base, but they also noted (pp. 127–
128) that “the improvement in fit from the model that omits money to the best fitting specification
that includes real money growth. . . is very modest” in terms of R2.24 We estimate equation (7)
over the full sample (1978Q2 to 2017Q2) for the detrended log of real consumption using all three
detrending methods described above, and the results are reported in Table 4.

We find evidence of direct effects of the real household-sector money measures for this spec-
ification as well for all three detrending methods. For quadratic detrending, the four lags of real
money growth are jointly significant at the 1% level for both Divisia aggregates. The correspond-
ing long-run coefficients on real money growth (LRC) are 7.068 for the Divisia aggregate we
constructed and 8.622 for the Bank of England’s Divisia aggregate, which can be compared to
estimates for the Divisia aggregates from Elger et al. (2008) ranging from 3.225 to 3.932 with their
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Table 4. Effects of household-sector monetary aggregates on real consumption

Quadratic detrending Hamilton filter HP filter

D1 D2 SUM D1 D2 SUM D1 D2 SUM

β0 −0.0016 −0.0054 −0.0060 −0.0042 −0.0008 −0.0041 −0.0056 −0.0043 0.0001 −0.0009 −0.0018 −0.0029
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0011) (0.0013) (0.0015) (0.0019) (0.0018) (0.0020) (0.0023) (0.0029) (0.0010) (0.0010) (0.0011) (0.0014)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

g̃t−k , k= 1, .., 4
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

β1 0.8139 0.5778 0.6074 0.6926 0.9035 0.8004 0.7980 0.8416 0.6119 0.5484 0.5250 0.4908
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0833) (0.0955) (0.0946) (0.0937) (0.0852) (0.0881) (0.0881) (0.0881) (0.0820) (0.0881) (0.0878) (0.0889)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

β2 0.3709 0.3859 0.3911 0.4237 0.0246 0.0268 0.0390 0.0548 0.3042 0.3047 0.3130 0.3243
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.1151) (0.1165) (0.1161) (0.1232) (0.1180) (0.1154) (0.1159) (0.1201) (0.1040) (0.1114) (0.1089) (0.1110)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

β3 0.0243 0.0897 0.0834 0.0628 0.0136 0.0351 0.0460 0.0285 0.0369 0.0366 0.0449 0.0581
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.1183) (0.1202) (0.1194) (0.1262) (0.1180) (0.1164) (0.1162) (0.1200) (0.1064) (0.1138) (0.1108) (0.1125)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

β4 −0.2427 −0.1178 −0.1368 −0.2240 −0.0936 −0.0819 −0.1121 −0.1209 −0.2021 −0.1033 −0.1148 −0.1626
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0837) (0.0914) (0.0909) (0.0941) (0.0869) (0.0867) (0.0865) (0.0886) (0.0840) (0.0947) (0.0913) (0.0906)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

r̃t−k , k= 1, .., 4
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

γ1 0.0594 0.0676 0.0187 −0.0473 −0.0030 0.0030 −0.0447 −0.1093 0.0333 0.0296 0.0002 −0.0799
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.1023) (0.0965) (0.0973) (0.1088) (0.1687) (0.1652) (0.1654) (0.1808) (0.0914) (0.0908) (0.0902) (0.0962)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

γ2 −0.1612 −0.1425 −0.1283 −0.0762 −0.0247 −0.0219 −0.0210 −0.0102 −0.1505 −0.1511 −0.1349 −0.0843
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.1521) (0.1443) (0.1449) (0.1570) (0.2377) (0.2371) (0.2362) (0.2555) (0.1363) (0.1362) (0.1342) (0.1397)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

γ3 0.2598 0.2059 0.2240 0.2547 −0.1345 −0.2075 −0.1847 −0.1051 0.2422 0.2295 0.2226 0.2307
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.1519) (0.1443) (0.1443) (0.1549) (0.2364) (0.2368) (0.2352) (0.2526) (0.1364) (0.1365) (0.1340) (0.1383)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

γ4 −0.0998 −0.0566 −0.0502 −0.0927 0.2173 0.2717 0.2953 0.2460 −0.1256 −0.1252 −0.1095 −0.1192
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.1011) (0.0955) (0.0961) (0.1033) (0.1616) (0.1595) (0.1600) (0.1710) (0.0901) (0.0897) (0.0881) (0.0907)

https://doi.org/10.1017/S1365100522000724 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1365100522000724


68
A
.R.Fleissig

and
B.E.Jones

Table 4. Countinued.

Quadratic detrending Hamilton filter HP filter

D1 D2 SUM D1 D2 SUM D1 D2 SUM

�mt−k , k= 1, .., 4
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

θ1 – 0.1932 0.2577 0.3341 – 0.1586 0.2632 0.3488 – 0.0682 0.1351 0.2705
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

– (0.0704) (0.0776) (0.1190) – (0.1143) (0.1270) (0.1924) – (0.0669) (0.0709) (0.1029)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

θ2 – 0.1013 0.0896 0.0466 – 0.1177 0.1482 0.1862 – 0.0319 0.0267 0.0663
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

– (0.0731) (0.0812) (0.1232) – (0.1182) (0.1301) (0.1924) – (0.0689) (0.0735) (0.1067)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

θ3 – 0.1517 0.1535 −0.0096 – 0.2237 0.2071 0.0757 – 0.1149 0.1318 0.0543
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

– (0.0755) (0.0827) (0.1235) – (0.1194) (0.1320) (0.1909) – (0.0696) (0.0748) (0.1081)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

θ4 – 0.0091 −0.0279 −0.0645 – −0.0124 −0.0416 −0.1778 – −0.0220 −0.0268 0.0227
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

– (0.0647) (0.0710) (0.0998) – (0.1127) (0.1238) (0.1726) – (0.0605) (0.0662) (0.0921)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

LRC – 7.0680 8.6215 6.8243 – 2.2200 2.5169 2.2086 – 0.9035 1.1501 1.4302
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

– (1.7877) (2.6416) (3.7193) – (0.6093) (0.6820) (1.2203) – (0.4673) (0.4803) (0.4932)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Ftest – 6.29713 5.75445 2.30085 – 3.61342 3.58109 1.68948 – 2.09227 3.10247 2.86091
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

– 0.00011 0.00025 0.06153 – 0.00773 0.00814 0.15560 – 0.08483 0.01746 0.02560
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

R2 0.9696 0.9742 0.9738 0.9715 0.7897 0.8089 0.8087 0.7991 0.6277 0.6481 0.6572 0.6551

Note: D1 denotes the household-sector Divisia aggregate based on a benchmark rate equal to the upper envelope of the own rates plus 60 basis points (See Appendix B for details). D2 denotes the Bank
of England’s household-sector Divisia aggregate. SUM denotes the break-adjusted series for M4 liabilities to the household sector. Standard errors for parameter estimates are in parentheses. LRC=∑

k θk/(1− ∑
k βk). F-test is the test statistic for joint significance of the four money growth terms. The significance level is in italics.
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highest LRC corresponding to the Bank of England’s household-sector Divisia aggregate. For the
simple sum aggregate, the four lags are jointly significant at the 10% level and the correspond-
ing long-run coefficient is 6.824. The four lags of real money growth are also jointly significant
at the 1% level for both Divisia aggregates for the Hamilton filter, and the corresponding long-
run coefficients are 2.220 and 2.517. The four lags are not jointly significant for the simple sum
aggregate for the Hamilton filter. For the HP filter, the four lags of real money growth are jointly
significant at the 5% level for the Bank of England’s Divisia aggregate and for the simple sum
aggregate. They are jointly significant at the 10% level for the Divisia aggregate we constructed,
and the corresponding LRC are 1.150, 1.430, and 0.904, respectively.

6. Conclusion
We estimated Morishima elasticities of substitution between UK household-sector monetary
assets based on a Fourier demand system for the first two decades of the new Millennium. The
estimated demand model covers the period from 1999 to 2019. Accounting for recent changes in
the data underlying the Bank of England’s Divisia measures, our analysis is based on three com-
ponents: NIBM, interest-bearing MFI sight deposits, and MFI time deposits. We found that the
Morishima elasticities that are most relevant tomonetary policy are the ones that capture substitu-
tion in response to changes in the user cost of NIBM. These elasticities imply inelastic substitution
over all or almost all of the sample period, which in turn implies that conventional monetary
aggregates are highly misleading economic indicators. The highest elasticities are the ones that
capture substitution in response to changes in the user cost of MFI sight deposits. The compo-
nents of our model necessarily differ somewhat from those of Drake et al. (2003) given changes in
the data over time, but we find some similarities to their results with respect to asymmetry of the
estimated Morishima elasticities.

Simple sum monetary aggregates require all included monetary assets to be perfect substitutes,
which is ultimately an empirical issue. Our finding that the Morishima elasticities of substitution
are generally inelastic except for the ones that capture substitution in response to changes in the
user cost of sight deposits implies that a conventional monetary aggregate would be a poor eco-
nomic indicator relative to a Divisia aggregate. Building on Elger et al. (2008) and Bissoondeeal
et al. (2019), we estimated backward-looking models of detrended real consumption that include
lagged growth rates of real household-sector Divisia and simple sum monetary aggregates using
three different detrending methods. For the specification based on Bissoondeeal et al. (2019), we
found evidence of direct effects of real money growth for two household-sector Divisia aggregates
for the full sample period from 1977 to 2017 for all three detrending methods and for at least
one of the three detrending methods in each of the three subsamples we considered. In contrast,
the results for the simple sum monetary aggregate were somewhat weaker for this specification in
that the simple sum was only significant for the full sample period for two of the three detrending
methods and was not significant in two of the three subsamples for any of the three detrending
methods.

Acknowledgments. The authors thank the Editor, Associate Editor, and three anonymous referees for helpful comments
and suggestions that greatly improved the paper. We also thank the Office for National Statistics for answering questions
related to Consumer Trends data.

Notes
1 Serletis and Xu (2020) analyze functional monetary aggregates derived from an estimated money demand system.
2 For details about the Divisia measures; see https://www.bankofengland.co.uk/statistics/details/further-details-sectoral-
deposits-and-divisia-money-data.
3 See https://www.bankofengland.co.uk/statistics/details/further-details-about-break-adjusted-levels-data.
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4 Prior to Hancock (2005), the benchmark rate for the Bank of England’s Divisia series had been the interest rate on 3-month
Local Government bills plus 200 basis points, which are still included in the envelope until 1993 (Hancock, 2005, pp. 40−41).
Bissoondeeal et al. (2010, p. 99) adopted an alternative approach out of concern that the change in the Bank of England’s
benchmark rate in 1991 could affect their empirical analysis.
5 See https://www.bankofengland.co.uk/statistics/details/further-details-about-effective-interest-rates-data.
6 See https://www.ons.gov.uk/economy/grossdomesticproductgdp/articles/the2008recession10yearson/2018-04-30
7 This followed Hancock’s suggestion that data on LG bills could be proxied by Treasury bills. Bissoondeeal et al. (2010)
ended their sample in 2008Q3 citing “significant declines in the Treasury bill rate” beginning in 2008Q4.
8 Anderson and Jones (2011) also consider liquidity premiums of 60 and 144 basis points and concur with Stracca’s
conclusion.
9 Barr and Cuthbertson (1991) and Drake (1992) are early studies along these lines based on locally flexible functional forms.
Drake, et al. (1999) estimated an AIM model that also includes capital uncertain assets in the demand system.
10 Drake and Fleissig (2008) estimate a Fourier model over consumer nondurables, services, the stock of consumer durables,
and Divisia and simple sum monetary aggregates for the UK; see also Drake and Fleissig (2009, 2010).
11 In contrast, locally flexible functional forms provide a local approximation to the data generating function in a delta
neighborhood of an unknown and possibly small size; see Fisher, et al. (2001) for further discussion and a comparison of
various functional forms.
12 Weak separability can be tested using nonparametric methods. See Drake (1996, 1997), Drake and Chrystal (1997),
Belongia and Chrystal (1991), Drake and Fleissig (2006), Elger et al. (2008), Jones and Stracca (2008), and Binner et al. (2018)
for applications of nonparametric tests to UK data. Drake and Fleissig (2006) and Elger et al. (2008) find support for weak
separability of a broad group of household-sector monetary assets in the post-ERM period. Binner et al. (2018) also consider
additional risky assets covering the period from 1998 to 2013. Jones and Stracca (2008) test for additive separability between
consumption and money using household-sector data, which they characterize as a necessary condition for excluding real
money balances from the forward-looking IS curve.
13 Barnett and Yue (1988) show that the theoretical regularity conditions can be imposed on AIM globally by restricting the
parameters to be nonnegative. Yue (1991) estimates AIM using US data with global regularity imposed and analyzed Allen
partial elasticities of substitution. Blackorby and Russell (1989) show that the Allen elasticity does not measure substitution
and is “(incrementally) completely uninformative” but that the Morishima elasticity does measure substitution and is a “suffi-
cient statistic for assessing—quantitatively as well as qualitatively—the effects of changes in price or quantity ratios on relative
factor shares.”
14 For additional discussion of regularity; see Jin (2016), Jadidzadeh and Serletis (2019), Chang and Serletis (2019), and
Serletis and Xu (2020).
15 Serletis and Shahmoradi (2005) also estimate the AIM model with and without imposing curvature; see also Serletis and
Shahmoradi (2007) for results using other functional forms.
16 See Davis and Gauger (1996) for the relationships between various elasticity concepts.
17 See Figures 3−5 and Table A1 from Drake, et al. (2003).
18 Another difference between the two Divisia measures is that sight and time deposits are disaggregated in earlier periods
in the Bank of England’s aggregate but are not in ours. Bissoondeeal et al. (2010) also exclude TESSAs and ISAs from their
household-sector Divisia measure.
19 Binner et al. (2009) estimated a similar model for the Euro area; see also Stracca (2004).
20 We use data from 1955 to 2019 to construct the detrended series.
21 We note that this series includes TESSAs and ISAs unlike the simple sum aggregate that we compared to our Divisia
aggregate in Figure 8.
22 We also estimated the models over the full sample using the CPI as the price index, following Bissoondeeal et al. (2019).
The CPI series is available monthly, not seasonally adjusted, from the Office for National Statistics. The way that r̃t and �4mt
are defined implies that only the annual change in the log of the price index, �4pt = pt − pt−4, affects the estimation. We
estimated the models using the value of the CPI from the last month of each quarter so that the value of the CPI in December
of a given year is compared to its value in December of the previous year, and so on. Seasonality should not be a concern for
such annual comparisons. Up to 1988, the annual change in the CPI is based on historical data. The results for the full sample
using the CPI are very similar to those reported in Table 3.
23 The Divisia aggregate that we constructed is significant at the 1% level for the Hamilton filter for this subsample.
24 This is generally also the case for the results reported by Bissoondeeal et al. (2019), although a notable exception is for the
Divisia M4 aggregate over the 2008Q4 to 2013Q4 subsample for the HP filter.
25 NIBD includes noninterest-bearing deposits at building societies beginning in January 2008; see https://www.
bankofengland.co.uk/statistics/details/further-details-sectoral-deposits-and-divisia-money-data
26 Quarterly, seasonally adjusted, data on noninterest-bearing deposits is only publicly available from the Bank of England
beginning in 1997Q3. For this component, we instead use the same data as Bissoondeeal et al. (2010, p. 98). The Bank of
England separated building society deposits into instant access accounts and accounts requiring a period of notice beginning
in 1998Q4.
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27 As Hancock (2005, p. 42) explains, the Bank of England began publishing effective rates in 1999, and these are used to
calculate the Bank’s Divisia aggregates when they are available.
28 The benchmark rate underlying the Bank of England’s household-sector Divisia aggregate is the interest rate on 3-month
Local Government bills plus 200 basis points until it is replaced by the TESSA rate in 1991.
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Appendix A: Break-adjusted components

We estimate the Fourier model using break-adjusted series for NIBM and MFI sight and time
deposits. We provide more detailed explanations regarding the data in this appendix. The break-
adjusted series are based on seasonally adjusted data. Monthly break-adjusted series for notes and
coin (N&C) and noninterest-bearing deposits (NIBD) can be constructed back to September 1997
from available data on flows and amounts outstanding from the Bank of England. To compute an
index for NIBM, we apply the formula described in Section 2 to the sum of the flows for N&C and
NIBD and to the corresponding sum of the amounts outstanding.25

As discussed previously, the Bank of England published separate data for banks and build-
ing societies up through December 2009, which were used to calculate the Divisia series (see
Berar, 2013). As Berar (2013) explains, beginning in January 2010, the Bank published separate
data for banks (excluding mutuals) and for mutuals. These separate data were discontinued after
November 2013, and only MFI series were published subsequently (see Bailey, 2014).

For sight and time deposits, we construct break-adjusted indexes using the MFI series as far
back as possible (January 2008). We then extend these indexes back to December 1998 using the
available disaggregate data for these components for banks and building societies. To do this, we
apply the formula from Section 2 to the sum of the flows at banks and building societies and to
the corresponding sum of the amounts outstanding for the relevant periods.

Appendix B: Quarterly household-sector Divisia aggregate

We estimated backward-looking models for detrended real consumption using a quarterly
household-sector Divisia series beginning in 1977 based on a benchmark rate equal to the highest
own rate plus 60 basis points. We provide more details regarding this series in this appendix.

Beginning in 1999, this series is the quarterly average of the monthly Divisia aggregate we
constructed in Section 5, which corresponds to the components of our demand system model
based on the user costs described in Section 2.2.

For earlier periods, we constructed a household-sector Divisia aggregate using quarterly, sea-
sonally adjusted, data from 1977Q1 to 1999Q1 on the flows and amounts outstanding of notes
and coin, noninterest-bearing deposits, sight deposits at banks, time deposits at banks, and build-
ing society deposits.26 The own rates for the interest-bearing components are quarterly series on
household-sector quoted rates for interest-bearing bank sight deposits, interest-bearing bank time
deposits, and building society deposits, respectively.27 We define the benchmark rate as the max-
imum of these three own rates plus a liquidity premium of 60 basis points.28 We found that the
maximum rate alternates between the bank time deposit rate and the building society rate, but it is
consistently the bank time deposit rate beginning in 1994Q4. The resulting quarterly Divisia series
is spliced to the one beginning in 1999 (based on quarterly averages of the monthly Divisia series
we constructed in Section 5) to produce a series for the full sample period beginning in 1977.
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