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Figure 1
Annual HICP inflation and nominal M3 growth in the euro area 
(annual percentage changes)
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Sources: ECB, Eurostat. Last observation: November 2007. 

Figure 2
The structural instability of the Calza et al. (CGL) money demand for the euro area 
Cointegrating money demand (pecent) 
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Source: Based on the Calza-Gerdesmeier-Levy (2001) money demand model. Last observation: 2007 Q3. 
Note: the disequilibrium in the CGL money demand model is computed as follows: 
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Figure 3
Projections of real money growth based on the CGL money demand for the euro area: out-
of-sample from 2000 Q1
(annual percentage changes) 
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Source: Based on the CGL money demand model. Last observation: 2007 Q3. 
Note: Stochastic simulations are within sample up to 1999 Q4 and out-of-sample from 2000 Q1 onwards. 
Coefficients are kept constant after 1999 due to the instability of money demand. 

Figure 4
Annual M3 growth, MFI net external assets and net flows in portfolio and direct investment 
in the euro area 
(annual percentage changes; annual flows in EUR bns) 
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Figure 5
Earning yields and long-term (10 years) bond yields in the euro area and the United States 
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Sources: BIS, DataStream, ECB calculations, Reuters. Last observation: October 2007. 
Note: earning yields in percent, bond yields in percentages per annum

Figure 6
Short-term interest rates and the own rate of return on M3 in the euro area 
(percentages per annum)
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Figure 7
The CGL (2001) and DFR (2007) money demand models for the euro area 
Cointegrating money demand models (percent) 
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Sources: Based on the CGL and De Santis-Favero-Roffia (2007) money demand models (see Section 4.3). Last 
observation: 2007 Q3. 
Note: the disequilibria in the CGL and in the DFR money demand models are computed respectively as follows: 
CGL       0 1.34 0.76( )ST OWN

t t t t tm p y i i
DFR:      10 1.84 0.38( ) 0.38( ) 1.37 1.37EA EA US US EA US

t t t t t t t t tm p y q e q e R R .
Values are re-scaled to average zero over the sample period.

Figure 8A
Nyblom test for the stability of the long-run parameters 
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Notes: based on the bootstrapping approach with 1000 replications. The quantile values from the empirical 
distribution at 95% are 5.09 for the supremum test (SupQ(t/T)) and 2.22 for the mean test (meanQ(t/T)). 
SupQ(t/T) = 2.968 (p-value = 0.814), meanQ(t/T) = 1.619 (p-value = 0.680).
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Figure 8B
Recursive estimates for the coefficients of the DFR (2007) money demand model 
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Sources: Based on the DFR money demand model (see Section 3.3). Last observation: 2007 Q3.
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Figure 8C
Recursive estimates for the validity of the identifying restrictions (p-value) 
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Figure 9
Projections of real money growth based on the DFR (2007) money demand for the euro 
area: out-of-sample from 2000 Q1 
(annual percentage changes) 
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Sources: based on the DFR money demand model. Last observation: 2007 Q3.  
Note: Coefficients are in sample up to 1999 Q4 and estimated recursively from 2000 Q1 onwards. 
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Figure 10
Generalized impulse responses of euro area real M3 growth to the different disequilibria 
(one standard deviation innovation,  1 standard error) 

Response of the quarterly annualized change in real M3 to coint_1 
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Source: Based on DFR (2007) money demand model estimated over the sample 1980 Q1-2007 Q3. 
Notes: It is common in the VAR literature to use a one standard deviation confidence interval (although this is 
narrower than for other statistical exercises). See, e.g. Bagliano, F. C. and Favero, C. A. (1999), “Information from 
Financial Markets and VAR Measures of Monetary Policy”, European Economic Review, 43, 825-837. 
The three cointegrating vectors have the following specifications: 
coint_1:      10 1.84 0.38( ) 0.38( ) 1.37 1.37EA EA US US EA US
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where, for the euro area, tm = M3, ty = real GDP, tp =GDP deflator, OWN

ti =own rate of return on M3, EA
tR =long-term 

bond yields, EA EA
t tq e = price-earnings ratio, and, for the United States, US

tR =long-term bond yields and US US
t tq e =

price-earnings ratio, all expressed in logarithms apart from the interest rates.
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Figure 11
Impulse responses of euro area real M3 growth to structural shocks in the US and euro 
area financial markets (one standard deviation innovation,  1 standard error) 

Assumption: US asset markets do not respond to shocks in 
the euro area markets; while euro area asset markets 

respond to shocks in US markets.
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Note: see Figure 10.  
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Note: see Figure 10.  
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Figure 12
Disequilibria in asset markets in the euro area and in the United States (percent, annual 
percentage changes) 
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Sources: based on the DFR money demand model. Last observation: 2007 Q3. 

Figure 13
Steady state equilibrium of nominal M3 growth based on the DFR (2007) money demand 
for the euro area, recursive estimate over the sample 1999 Q4 – 2007 Q3 
(annual percentage changes) 
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Sources: based on the DFR money demand model. Last observation: 2007 Q3. 
Note: Coefficients are in sample up to 1999 Q4 and estimated recursively from 2000 Q1 onwards. 
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Figure 14
The determinants of the equilibrium money (M3) growth for the euro area 
(annual percentage changes) 
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Figure 15
Comparisons of the deviations in the three cointegrated vectors based on real GDP and 
real net wealth (percent) 
Disequilibrium in real money stock (coint_1) 
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Table 1
Johansen test for cointegration in the DFR (2007) model 
Lags interval (in first differences): 1 to 2 
Unrestricted cointegration rank test (trace) 
Sample period: 1980 Q1 – 2007 Q3

Eigenvalue
Trace test-

statistic
95% critical 

value Prob**

Maximum 
eigenvalue test-

statistic
95% critical 

value Prob**

0.393 177.973 * 134.678 0.000 53.843 47.079 * 0.008

0.322 124.131 * 103.847 0.001 41.976 40.957 * 0.038

0.302 82.155 * 76.973 0.019 38.763 34.806 * 0.016

0.157 43.392 54.079 0.313 18.424 28.588 0.540

0.091 24.968 35.193 0.402 10.361 22.300 0.806

0.072 14.607 20.262 0.250 8.072 15.892 0.539

0.059 6.536 9.165 0.153 6.536 9.165 0.153

0H : rank p

p = 0
1p

2p

3p

4p

5p

6p

Notes:
Trend assumption: no determistic trend (restricted constant). 
Trace test indicates 3 cointegrating eqn(s) at the 0.05 level. 
Max-eigenvalue test indicates 3 cointegrating eqn(s) at the 0.05 level. 
* denotes rejection of the hypothesis at the 0.05 level. 
**MacKinnon-Haug-Michelis (1999) p-values.

Table 2
Johansen test for cointegration in the DFR (2007) model 
Lags interval (in first differences): 1 to 2 
Unrestricted cointegration rank test (trace) 
Sample period: 1980 Q1 – 1999 Q4

Eigenvalue
Trace test-

statistic
95% critical 

value Prob**

Maximum 
eigenvalue test-

statistic
95% critical 

value Prob**

0.475 165.38 * 134.678 0.000 0.475 49.584 * 0.026

0.378 115.795 * 103.847 0.006 0.378 36.605 0.143

0.325 79.19 * 76.973 0.034 0.325 30.284 0.157

0.257 48.907 54.079 0.134 0.257 22.849 0.227

0.165 26.057 35.193 0.339 0.165 13.891 0.472

0.111 12.166 20.262 0.434 0.111 9.055 0.428

0.040 3.111 9.165 0.560 0.040 3.111 0.560

p = 0

1p

2p

3p
4p

0H : rank p

5p

6p

Notes: see Table 1. 



56
ECB
Working Paper Series No 926
August 2008

Table 3
DFR (2007) money demand system for the euro area 
Sample period: 1980 Q1 – 2007 Q3 

CointEq1 -0.034 0.006 -1.385 0.101 -0.018 0.031 0.001
St err -0.02 -0.02 -0.31 -0.41 -0.02 -0.03 -0.01
t-stat [-1.55733] [ 0.33078] [-4.43802] [ 0.24576] [-1.07516] [ 1.02436] [ 0.16851]

CointEq2 -0.013 0.017 -0.373 -0.202 -0.009 0.016 -0.003
St err -0.01 -0.01 -0.10 -0.14 -0.01 -0.01 0.00
t-stat [-1.82191] [ 2.78961] [-3.62451] [-1.49143] [-1.59647] [ 1.59499] [-1.35518]

CointEq3 0.000 -0.009 0.112 0.076 0.005 -0.005 0.002
St err 0.00 0.00 -0.04 -0.06 0.00 0.00 0.00
t-stat [ 0.08336] [-3.67917] [ 2.67622] [ 1.37192] [ 2.05633] [-1.33496] [ 1.73407]

0.150 0.120 0.083 -2.306 0.042 0.024 -0.032
St err -0.11 -0.09 -1.57 -2.08 -0.09 -0.15 -0.03
t-stat [ 1.36090] [ 1.32663] [ 0.05280] [-1.11064] [ 0.48660] [ 0.15827] [-0.93670]

0.139 0.013 0.801 1.420 0.093 0.164 -0.014
St err -0.11 -0.09 -1.53 -2.02 -0.08 -0.15 -0.03
t-stat [ 1.29701] [ 0.14866] [ 0.52314] [ 0.70296] [ 1.11365] [ 1.10712] [-0.40605]

-0.057 0.076 -2.022 4.629 0.070 0.121 0.107
St err -0.14 -0.12 -2.00 -2.64 -0.11 -0.19 -0.04
t-stat [-0.40796] [ 0.66062] [-1.01027] [ 1.75207] [ 0.64211] [ 0.62275] [ 2.44084]

0.057 -0.010 -3.163 -4.540 0.039 -0.398 0.076
St err -0.14 -0.12 -2.03 -2.68 -0.11 -0.20 -0.04
t-stat [ 0.40346] [-0.08930] [-1.55868] [-1.69431] [ 0.35009] [-2.02755] [ 1.69311]

0.007 0.015 0.236 0.041 0.006 -0.011 0.004
St err -0.01 -0.01 -0.13 -0.18 -0.01 -0.01 0.00
t-stat [ 0.78884] [ 1.97438] [ 1.75695] [ 0.22964] [ 0.81933] [-0.82325] [ 1.51766]

-0.001 0.003 0.128 0.039 0.007 0.005 0.002
St err -0.01 -0.01 -0.14 -0.18 -0.01 -0.01 0.00
t-stat [-0.10144] [ 0.35348] [ 0.92842] [ 0.21414] [ 0.98229] [ 0.36387] [ 0.79810]

-0.008 -0.011 -0.158 -0.053 0.003 0.011 -0.001
St err -0.01 -0.01 -0.11 -0.14 -0.01 -0.01 0.00
t-stat [-1.02264] [-1.88649] [-1.50311] [-0.38202] [ 0.54290] [ 1.03273] [-0.52389]

0.000 -0.003 -0.066 -0.132 -0.006 -0.011 -0.002
St err -0.01 -0.01 -0.11 -0.14 -0.01 -0.01 0.00
t-stat [ 0.00827] [-0.54317] [-0.60374] [-0.92214] [-0.99041] [-1.01132] [-0.96475]

-0.129 0.127 3.214 -0.924 0.254 -0.092 0.132
St err -0.19 -0.16 -2.69 -3.56 -0.15 -0.26 -0.06
t-stat [-0.68422] [ 0.81893] [ 1.19353] [-0.26002] [ 1.73548] [-0.35136] [ 2.22167]

t -1 t -1(m - p )

t - 2 t - 2(m - p )

t - 1(y )

t - 2(y )

US US
t -1 t -1(q - e )

U S U S
t - 2 t - 2(q - e )

EA EA
t -1 t -1(q - e )

EA EA
t -2 t -2(q - e )

EA
t -1(R )

t t(m - p ) t(y ) US US
t t(q - e ) EA EA

t t(q - e ) EA
t(R ) US

t(R ) EA
t(i_own )
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-0.212 0.043 3.733 2.603 0.014 0.057 -0.029
St err -0.19 -0.16 -2.75 -3.63 -0.15 -0.27 -0.06
t-stat [-1.09689] [ 0.27170] [ 1.35738] [ 0.71697] [ 0.09413] [ 0.21294] [-0.48253]

0.207 0.095 -2.079 -2.997 0.144 0.053 0.038
St err -0.10 -0.08 -1.46 -1.93 -0.08 -0.14 -0.03
t-stat [ 2.01817] [ 1.13168] [-1.42411] [-1.55481] [ 1.81867] [ 0.37484] [ 1.19525]

0.087 -0.008 -2.041 -1.547 0.045 -0.028 0.036
St err -0.10 -0.08 -1.42 -1.88 -0.08 -0.14 -0.03
t-stat [ 0.86672] [-0.10346] [-1.43297] [-0.82273] [ 0.58492] [-0.20315] [ 1.13766]

0.254 0.053 -4.934 -1.919 0.039 0.433 0.156
St err -0.382 -0.313 -5.438 -7.179 -0.296 -0.526 -0.120
t-stat [ 0.66571] [ 0.16893] [-0.90733] [-0.26734] [ 0.13293] [ 0.82258] [ 1.30792]

0.144 -0.086 -11.967 -9.055 -0.301 -0.024 0.250
St err -0.35 -0.28 -4.92 -6.50 -0.27 -0.48 -0.11
t-stat [ 0.41535] [-0.30280] [-2.42989] [-1.39269] [-1.12480] [-0.05124] [ 2.31052]

Statistics

 R-squared 0.35 0.29 0.32 0.29 0.29 0.13 0.51
 Adj. R-squared 0.24 0.16 0.20 0.16 0.17 -0.02 0.43
 Sum sq. resids 23.99 16.14 4871.70 8491.73 14.39 45.65 2.36
 S.E. equation 0.51 0.42 7.32 9.66 0.40 0.71 0.16

 F-statistic 3.09 2.30 2.64 2.29 2.33 0.85 6.00
 Log likelihood -72.00 -50.61 -358.94 -388.94 -44.42 -106.74 53.25

 Akaike AIC 1.65 1.25 6.96 7.52 1.14 2.29 -0.67
 Schwarz SC 2.07 1.67 7.38 7.94 1.56 2.71 -0.25

 Mean dependent 0.95 0.54 0.69 0.56 -0.07 -0.07 -0.03
 S.D. dependent 0.59 0.46 8.16 10.55 0.44 0.70 0.21

EA
t - 2(R )

US
t -1(R )

US
t - 2(R )

EA
t-1(i_own )

EA
t -2(i_own )

t t(m - p ) t(y ) US US
t t(q - e ) EA EA

t t(q - e ) EA
t(R ) US

t(R ) EA
t(i_own )

Source: Based on the DFR (2007) money demand model. 
Note: for the specification of the three cointegrating vectors, see the notes to Figure 10. 
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Table 4
Relation between net capital flows and the disequilibria in DFR (2007) model  

Based on quarterly flows

Net external assets
Net external 

assets
Net portfolio 

flows
Net debt 

securities flows
Net equities 

flows

Variable 1980 - 2007

Cointegrating vector 1 1.073 2.214 0.687 1.248 -0.561
t-stat [1.486] [1.248] [0.411] [0.953] [-0.494]

adjusted R 2 0.14 0.04 0.38 -0.03 0.56

Cointegrating vector 2 -0.354 -0.728 -0.530 -0.162 -0.368
t-stat [-2.111] [-1.89] [-1.46] [-0.546] [-1.496]

adjusted R 2 0.158 0.10 0.42 -0.06 0.59

Cointegrating vector 3 -0.190 -0.538 -0.605 -0.169 -0.436
t-stat [-1.484] [-1.605] [-2.003] [-0.667] [-2.145]

adjusted R 2 0.1407 0.07 0.45 -0.05 0.62

1999 - 2007

Based on annual flows

Net external assets
Net external 

assets
Net portfolio 

flows
Net debt 

securities flows
Net equities 

flows

Variable 1980 - 2007

Cointegrating vector 1 7.179 1.928 -6.487 5.316 -4.066
t-stat [3.084] [0.24] [-1.538] [1.941] [-1.707]

adjusted R 2 0.22 0.31 0.47 0.03 0.50

Cointegrating vector 2 -2.169 -1.726 2.716 -1.508 0.657
t-stat [-4.189] [-1.259] [1.844] [-2.453] [0.828]

adjusted R 2 0.28 0.35 0.49 0.10 0.46

Cointegrating vector 3 -0.979 -1.006 0.525 -1.672 -0.519
t-stat [-2.624] [-0.97] [0.341] [-3.101] [-0.751]

adjusted R 2 0.21 0.33 0.42 0.20 0.46

1999 - 2007

Source: Based on the DFR (2007) money demand model. 
Notes:
(a) For the definition of the variables and the cointegrating vectors see Table 3 and Figure 10. 
(b) A dummy has been introduced for 2000 in order to take into account of the fact that the portfolio investment 

flows have been affected in that period by a large merger and acquisition transaction occurred in February 2000, 
which was mirrored by equity flows as it was implemented via an exchange of shares. 
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Table 5
Forecasting inflation with excess money growth measures 

Variable Impact after Impact after adj. R2 Bias

St. 
Deviation 
Forecasts

Variance 
forecast 

error Bias2 MSFE
6 quarters 8 quarters

Excess M3 growth - CGL (a) 0.047 0.056 0.752 -0.130 0.226 0.212 0.017 0.229
(0.04) (0.049)

Excess M3 growth - DFR (a) 0.147 0.177 0.768 -0.146 0.225 0.196 0.021 0.217
(0.052) (0.066)

Excess M3 growth - CGL (b) 0.032 0.038 0.823 -0.126 0.224 0.181 0.016 0.197
(0.030) (0.036)

Excess M3 growth - DFR (b) 0.122 0.147 0.833 -0.075 0.221 0.169 0.006 0.175
(0.047) (0.0590)

Nominal M3 growth 0.175 0.200 0.847 -0.056 0.231 0.242 0.003 0.246
(0.014) (0.050)

Autoregressive 0.823 0.009 0.219 0.184 0.000 0.184

Constant = 1.9% 0.250 0.000 0.048 0.063 0.111

Random walk 0.189 0.477 0.282 0.036 0.318

Benchmarks

Sample 1980 Q1 - 2007 Q4
Out-of-sample

2000 Q1 - 2007 Q4

Source: based on bivariate forecasts of inflation (except for the benchmarks), using the Stock and Watson 
methodology. Standard errors are reported in parenthesis. 
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Table B1
Johansen test for cointegration of total wealth in the United States and the euro area 
Lags interval (in first differences): 1 to 2 
Unrestricted cointegration rank test (trace) 
Sample period: 1980 Q1 – 2007 Q4

Eigenvalue
Trace test-

statistic
95% critical 

value Prob**
Maximum eigenvalue 

test-statistic
95% critical 

value Prob**

0.146 20.882 * 20.262 0.041 17.216 15.892 * 0.031

0.033 3.665 9.165 0.464 3.665 9.165 0.464

0H : rank p

p = 0
1p

Notes: see Table 1. 
Sources: Federal Reserve Board, ECB estimates. 

Table B2
Johansen test for cointegration of the dividend and the earnings yield in the United States 
and the euro area 
Lags interval (in first differences): 1 to 2 
Unrestricted cointegration rank test (trace) 
Sample period: 1980 Q1 – 2007 Q3

Eigenvalue
Trace test-

statistic
95% critical 

value Prob**

Maximum 
eigenvalue test-

statistic
95% critical 

value Prob**

For the euro area

0.144 24.954 * 20.262 0.010 17.206 15.892 * 0.031

0.067 7.748 9.165 0.092 7.748 9.165 0.092

For the United States

0.134 20.818 * 20.262 0.042 16.014 15.892 * 0.048

0.042 4.804 9.165 0.306 4.804 9.165 0.306

0H : rank p

p = 0
1p

p = 0
1p

Notes: see Table 1. 
Sources: Datastream. 

Table B3
Unit root tests of the dividend growth in the United States and in the euro area 
Dickey-Fuller, Augmented Dickey-Fuller, Phillips-Perron and KPSS tests 

Test Dividend growth
(euro area)

Dividend growth
(US)

I(1) (levels)
(without trend)

I(1) (levels)
(with a trend)

I(1) (levels)
(without trend)

I(1) (levels)
(with trend)

Dickey-Fuller -9.12*** -10.33*** -8.3*** -9.58***
Augmented Dickey-Fuller -11.05*** -11.07*** -10.41*** -10.41***

Phillips-Perron -11.06*** -11.09*** -10.41*** -10.42***
KPSS 0.13 0.04 0.13 0.08

Note: The Augmented Dickey-Fuller test includes lagged differences whose number is dictated by the Schwarz 
criterion, while for the Phillips-Perron test the number of truncation lags is determined by the Newey West criterion.  
For the all the tests, apart from the Kwiatowski, Phillips, Schmidt and Shin test, the failure to reject the null would 
suggest the series is non-stationary. 
For all the tests, *** indicates rejecting the null hypothesis at 1% significance level; ** at 5% significance level 
while * at 10% significance level. 
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