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ABSTRACT 
 

A new method for forecasting annual flow macroeconomic aggregates using 

monthly indicators is developed. A continuous time dynamic model is employed in 

order to obtain the exact discrete error correction model. The FIML estimation 

method is applied on the exact discrete error correction model to derive parameter 

estimates that are invariant to the sampling interval. The monthly indicators can be 

either I(0) or I(1). In the last case the system error correction format has an advantage 

in the estimation by encompassing the case cointegration. 
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CENTRE OF PLANNING AND ECONOMIC RESEARCH 

 

 The Centre of Planning and Economic Research (KEPE) was established as a 

research unit, under the title "Centre of Economic Research", in 1959. Its primary aims were 

the scientific study of the problems of the Greek economy, encouragement of economic 

research and cooperation with other scientific institutions. 

 In 1964, the Centre acquired its present name and organizational structure, with the 

following additional objectives: (a) The preparation of short, medium and long-term 

development plans, including plans for regional and territorial development and also public 

investment plans, in accordance with guidelines laid down by the Government. (b) The 

analysis of current developments in the Greek economy along with appropriate short-term and 

medium-term forecasts; also, the formulation of proposals for appropriate stabilization and 

development measures. (c) The further education of young economists, particularly in the 

fields of planning and economic development. 

 The Centre has been and is very active in all of the above fields, and carries out 

systematic basic research in the problems of the Greek economy, formulates draft 

development plans, analyses and forecasts short-term and medium-term developments, grants 

scholarships for post-graduate studies in economics and planning and organizes lectures and 

seminars. 

 In the context of these activities KEPE produces series of publications under the title 

of "Studies" and "Statistical Series" which are the result of research by its staff as well as 

"Reports" which in the majority of cases are the outcome of collective work by working 

parties set up for the elaboration of development programmes. The series of Discussion 

Papers, also published by KEPE, is designed to speed up the dissemination of research work 

prepared by the staff of KEPE and by its external collaborators with a view to subsequent 

publication. Timely comment and criticism for its improvement is appreciated. 

 The Centre is in continuous contact with similar scientific institutions abroad and 

exchanges publications, views and information on current economic topics and methods of 

economic research, thus further contributing to the advancement of the science of economics 

in the country. 
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1. INTRODUCTION 

 
 

The aim of this work is to construct a high frequency indicator for the state of 

Greek economy that best forecast economic activity using annual GDP as a benchmark. 

Forecasting GDP at quarterly or even monthly intervals is particularly important in the 

case of Greece since, up to now, there are no reliable official measures for quarterly GDP. 

To realize this task we utilize information from monthly time series coming from various 

sectors of the economy, both demand and supply side: e.g. manufacturing, construction, 

services, external trade. 

Our forecasts are coming from a new technique based on the Exact Discrete 

Model (EDM)  for a general observation interval h derived from an underlying continuous 

time dynamic Data Generating Process (DGP). We specify the DGP as a system of linear 

stochastic differential equations driven by a mixture of I(1) and I(0) forcing variables that 

Grange – cause the GDP time series. To implement the method initially we bring the 

EDM in an Error Correction Format (EDECM) and we estimate it by the Maximum 

Likelihood (ML) method. The Error Correction Format has the advantage to encompass 

the case of cointegration between the GDP and the related series while the EDM bring 

estimates which are unbiased and structural invariant to the observation interval h. For a 

survey on the estimation of stochastic differential equations see Bergrstrom [1984]. 

In section 2 we set the assumptions and we prove the theorem for the EDECM 

which provide the basis for the estimation methods. In section 3 we state the two methods 

for obtaining unbiased ML estimates for the monthly GDP.  In parts A to D of the 

Mathematical Appendix we state the necessary technical facts that support the proof of 

the theorem in section 2. Finally in section 4 we conclude with some remarks. 
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2. THEOREM 

 
 

Let the real continuous time random process be a solution of the 

stochastic differential equation system 
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, where  is integer and  is the observation interval, satisfy the 

following Exact Discrete Error Correction Model (EDECM): 

)](),(),([ 21 rhzrhzrhy ,...2,1=r h

 

( ) ( ) ( )

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

Θ+
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

Θ+
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

Θ

+
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
+

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

−Δ
−Δ

Δ

+

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

−
−=

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

Δ
Δ

Δ

−

−

−

−

−

−

−

−

−

−− ∫∫∫

ht

ht

ht

ht

ht

ht

t

t

t

ht

ht

ht

ht

t

ht

c
c
c

A
htz
htz

dssy

A
htz
htz

dssy

A
tz
tz

dssy

2

2

2

321

3

2

1

3

2

1

2

2

2

1

2

1

2

1

3

2

1

3

2

1

3

2

1

)(

)(

)(

)(

)(

)(

ε

ε

ε

ε

ε

ε

ε

ε

ε

ζ
ζ
ζ

ζ
ζ
ζ

ζ
ζ
ζ

   (1b) 

 
where 
 

( )

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

−

−
−

−

=
000
010

101

1

2

1
h

ahah

e

eh
a

e

A γ

β

 

 

 6



⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

−
−

=
000
000

00
11

1

2

1

a
ee

A

ahh

γγ
β γ

 

 

( ) ( ) ( )
( )

⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

−−

⎭
⎬
⎫

⎩
⎨
⎧ +−+−−−−

−

=

h

e

ehe
a
heh

a
e

a
h

a
e

A h

ahahahah
ah

00

0110

11
2
111

1

1

222

1

1

3
γ

γ

β
γ
β

 

 

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
−

=Θ

2
1

3

2
1

2

2
1

4
2
1

1
22

1

21
2
1

1

1

00

00

K

K

KK
a

KK
β

β

 

 
 

( )

( ) ( )

⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤
−++−

⎭
⎬
⎫

⎩
⎨
⎧

−
−

−−

⎢
⎢
⎢
⎢
⎢

⎣

⎡

=Θ

0
0

,1

00
00

),,(,

2
1

1
2

1
2
1

1
22

1

4
2

4
2
1

4
22

1

3
2

12
2
1

211
2
1

1

2

K
a

ahCK
a

Ke
a

hCK
a

K
a
ehe

a

ahCKahCK

ah
ah

ah βββββ

γβ

 

 

( ) ( )

⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡
−

=Θ
000
000

,00 1
2
1

1
2

4
2
1

4
2

3

ahCK
a

hCKe
a

ah ββ

 

 7



 

Proof of the theorem 
 
In matrix form (1a) is 
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Moreover from (see proof in Mathematical Appendix: part A) 
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therefore from (8) we obtain 
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(
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)
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∫

  
           (9) 
 
 
From (9) we obtain 
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+
⎭
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⎩
⎨
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+
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⎪⎭

⎪
⎬
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⎧
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∫
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−

−
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−

−

   (10) 

 
An expression for the integral of ( )sz2  in (10) can be found in Appendix part B: 
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⎨
⎧
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       (11) 

 
Finally substituting (11) in (10) we obtain 
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htzhtzhtz
a
eedssyedssy

t
ahahahah

ah

ah
ahhht

ht

aht

ht

λ
β

γ
β

β
γγ

β γ

+
⎭
⎬
⎫

⎩
⎨
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where 
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⎨
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          (13) 
while using the expression for )(2 htξ from Appendix C  we obtain: 
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β
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          (14) 

From the exact discrete model of the last two equations of (1) (see also Bergstrom [1984]) we 

obtain: 
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2
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c
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γ
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−
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   (17) 

 
Moreover notice that: 
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and similarly 
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moreover 
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From (17) and (18) in matrix form we obtain  
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where 
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From equations (12), (15), (16) and (19) we obtain the system in error correction format 

EDECM (1b). 
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3. ESTIMATION BY MAXIMUM LIKELIHOOD 

 
 

To obtain the maximum likelihood parameter estimates we maximize 
 
 

( ) [ ]
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

Σ−Σ−= −
=∑

t

t

t
Th

hr ttt
TL

3

2

1

321

1
12

1detlog
2

log

ε

ε

ε

εεε

ζ
ζ
ζ

ζζζ   

where [ ]'
321 ttt εεε ζζζ , the innovations, are derived by the following recursion: 

 
Initial value 
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⎥
⎥
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⎢
⎢
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and  
 

[ ]
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⎥
⎦

⎤
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⎢
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⎩
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6
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3
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π
ζ ε  

 
the first equation is derived by solving (D9) and the last two from the exact discrete model of  

(1a). 

For  we obtain ht 2=
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ζ
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ζ
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For ,  we solve recursively rht = ....3=r
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⎪
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⎪
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⎪
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Estimation methods based on the likelihood function 
 
A. Iterated ML 
 
Steps: 
 
1. Maximize the log-likelihood setting the observation step h=1 to derive unbiased 

parameters estimates. 

2. Simulate the model to find ...1  ),( =rrhy  setting h=1/12 for the monthly observation 

interval. 

3. Re-estimate the model using the values ...1  ),( =rrhy  from the previous step and the 

monthly observations of the related series to find new estimates for . ...1  ),( =rrhy

4. The procedure in step 3 can be iterated until convergence. 

 
B. Skipping method 
 
Steps: 
 
1. Run recursively the EDECM for h=1/12 12-month periods back. 
         
2. Sum ( ) tj jt y≡∑ = −

12

1
both sides of the equations to find a system in terms of the 

observable variables 
          

 15



 
Solve the derived system from step 2 with respect to [ ]tttt 321 ζζζζ =  and run recursively 

until you find ,.....,, 2412 −− ttt ζζζ  in terms of the observable non-overlapping annual ty  and the 

monthly . Construct the likelihood function skipping the unobservable tx hty −
v . 

 
 

3. CONCLUSION 
 
 

This paper derives the Exact Discrete Model from an underlying continuous time 

model that can be applied to estimate econometric relations on variables with different 

observation interval. The EDM has the advantage of delivering unbiased estimates 

independently of the observation interval in contrast to more traditional time series 

models (e.g arma) and various approximations of continuous time models.  

Further work is in progress for extending the class of models under consideration. 
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MATHEMATICAL APPENDIX 

 
PART A 
 
 
Proof of the Exact Discrete Model (4)  
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from (3) we obtain 
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also from (A1)  
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apply the operator  in (A3) to obtain hΔ
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substituting  (A4) in (A2) we obtain  
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lagging relation (3) by h we obtain  
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PART B 
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PART C 
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PART D 
 
Initial Conditions 
 
 
Integrating the DGP (1) in the interval we obtain ],0[ h
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Moreover from (D1) and (D2) we obtain  
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solving D6 we obtain 
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Substituting D5 in D6 we obtain 
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therefore from D8 

 

( )

( )
( )

( )

( )

.
)(
)(

10

11

0

)(
)0(
)0(

10

11

)(1

)(1)()(1

0

)(

10

1

10

1

)0(
)0(

10

111

)(

)(

0 2

1
1

0
2

2

2

1

1

1

0
2

)(

2
)(

12

)(

11
)(

0
2

)(2

2

1

)(
2

22
)(

1

)(

2
1)(

2

2

2
1

2

1)(

)(
1

)(

1
)(

0
1

0

ds
s
saadssz

ah
c
c

z
yaa

dsse

dsse
a

dss
a

eedsse
adssze

a

c
c

e

a
ae

a
ee

a
e

aa
a

a

z
y

e

e
aa

ee
a

e
a

ds
sz

sy

h
h

h

sh

sh
shsha

shah sha

h

h
hha

ha

h

h
hha

ha

h

h

∫∫

∫∫

∫
∫

⎥
⎦

⎤
⎢
⎣

⎡

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡ −
−

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
⎥
⎦

⎤
⎢
⎣

⎡
+⎥

⎦

⎤
⎢
⎣

⎡

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡ −

−

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛

−
−

+
+

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡

+⎥
⎦

⎤
⎢
⎣

⎡

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡ +
−

−
−

−

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡ +
−

−⎥
⎦

⎤
⎢
⎣

⎡

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡
−

−
−

=
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−

−
−−

−
−

ε
ε

γ

γ
ββ

γ

γ
β

ε
γ

ε
γ

βε
γ

βεβ

γ

γ
γβ

γ
β

γ

γ
γβ

γ

γ
β

γ
β

γ

γ
γ

γ

γ
γ

γ

γ
γ

 

 
 
and finally 

 23



( )

( )
( )

( )

( )

( ) ( ) ∫∫∫

∫

∫

∫

+−−+++

−⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛

−
−

+

++
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ +
−

−
−

−
+

−+⎟
⎠
⎞

⎜
⎝
⎛ −

−⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−

−
−

+=

−
−−

−

−

hhh

h sh
shsha

sha

h shah
hha

ha

h
hha

hah

dss
a

dss
a

dssz
a

hcz
a

hcy
a

dsse
a

dss
a

eedsse
a

dssze
a

c
a
ae

a
ee

aa
a

ce
aa

ze
aa

ee
a

ye
a

sy

0
21

0
1

0
2

2
2111

0
2

)(
12

)(

11
)(

0
2

)(2
222

)(
1

)(

2
1

2
1

1
)(

22

1
)(

1

)(

1
)(

0

)(1)(1)()0(1)0(1

)(1)()(1

)(11

)0(11)0(1)(

ε
γ

βε
β

γ
β

ε
γ

βε
γ

βε

β
γ
γβ

γ
β

γ
γβ

γ
β

γ
β

γ
γ

γ
γ

γ
γ

 

 
 
but from dssdsctdz )()( 332 ε+=  
 
we obtain for  ),0( hs∈

( ) ( ) θθε dzscsz
s

∫++=
0

3232 )(0)(  

then 
 

( ) dsde
a
eh

a
c

a
ezdssze

h s sha
ahahh sha θθε∫ ∫∫ −− +⎥
⎦

⎤
⎢
⎣

⎡

−
−

−
−

+
−
−

=
0 0

3
)(

322
0

)( )(1110)(  

 
also  
 

( ) dsdhchzdssz
h sh

θθε∫ ∫∫ ++=
0 0

3
2

32
0

2 )(
2
10)(  

 
therefore 
 

( ) ( ) ( ) ( )

( ) ( ) ( )

( ) ( )

dsd
a

dsde
a

dss
a

dsse
a

dss
a

ee
a

dsse
a

hc
aaa

eh
a

c

ch
aa

ae
a

ee
a

che
aa

h
a
e

a
zze

aa
ee

a
ye

a
sy

h sh s hah

h shh shshah sha

ah

h
hha

ha

ah
h

hha
hah

θθε
β

θθε
β

ε
γ

β

ε
γ

βε
γ

βε

ββ

γ
β

γ
γβ

γ
β

β
γ

β
γ

β

θ

γ
γ

γ
γ

γ
γ

∫ ∫∫ ∫∫

∫∫∫

∫

−++

−
−
−

+−+

−⎥
⎦

⎤
⎢
⎣

⎡

−
−

−
−

+

+
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

+
−+

−
−

−+⎟
⎠
⎞

⎜
⎝
⎛ +−−

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

−
−

+⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−−

−
−

+−=

−

−
−−

−

0 0
3

2
0 0

3
)(2

0
21

0
2

)(
12

0

)(

1
0

1
)(

2
3

22
3

2122
)(

1

)(

2
1

1
)(

2
21

)(
1

)(

1
)(

0

)()()(1

)(1)(1)(11

2
111

11111

10)0(111)0(11)(

 

but 
 

( ) ( ) ( ) ( )

( ) ( )⎥⎦
⎤

⎢⎣
⎡ −

−
−+−

−

=
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
−+

−
=−=⎥⎦

⎤
⎢⎣
⎡ −

=

=

−
=

=

−−− ∫∫
aa

hs

s

sha
hs

s

shah shah sha

e
a

he
a

e
a

he
a

dsedsseE

121
2
1

2
2
11)(1

22

00

22

0

2)(2
2

0
1

)(

1

11

ε

εε

σ

σσε
 

 
therefore 

 24



 

( )

( ) ( )
),0(

121
2
1

)(1

2

2
1

2
1

1
0

1
)(

11

1

εε

ε

σζ

π

ζπε

N

e
a

he
a

dsse

h

h

aa

h sha

→

⎥⎦
⎤

⎢⎣
⎡ −

−
−+−

−
=

≡−∫ −

 

 
and 
 

( )

( )

),0(

11

)(11

2

2
1

2

0

)(
)(

2

2

2
0

)(
)(

22

2

εε

γ
γ

ε

γ
γ

σζ

γγγ
π

ζπ

ε
γγγ

N

dse
a

ee

dsse
a

ee

h

h

h sh
shsha

h sh
shsha

→

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎭
⎬
⎫

⎩
⎨
⎧

+−
−
−

=

=
⎭
⎬
⎫

⎩
⎨
⎧

+−
−
−

∫

∫

−
−−

−
−−

 

 
 
also 
 
 

( ) ( )∫∫

∫ ∫ ∫∫∫ ∫

−

−−

−

+
−−−

−
−

+−
−

=⎥⎦
⎤

⎢⎣
⎡+⎥⎦

⎤
⎢⎣
⎡=

0
3

0
3

)(

0

0
3

0

)(
3

)(

0 0
3

)(

)(1)(11

)()()(

h

ahah ha

h

h

h shah shah s ha

dee
a

de
a

ddseddsedsde

θθεθθε

θθεθθεθθε

θθ

θ

θ

θ

 

 
 
 
moreover  
 

( ) ( )∫∫

∫ ∫ ∫∫∫ ∫

−

−

+

++−

=⎥⎦
⎤

⎢⎣
⎡+⎥⎦

⎤
⎢⎣
⎡=

0
3

0
3

0

0
3

0
3

0 0
3

)()(

)()()(

h

h

h

h

hhh s

dhdh

ddsddsdsd

θθεθθθεθ

θθεθθεθθε
θ

θ  

 
 
Now suppose that )0,( ,0)()( 32 hsss −∈== εε  then: 
 

( )

( )
),0(

11

)(11)(

2

0

2)(
2

3

3
0

3
)(

0 0
3

)(

33

3

εε

θ

ε
θθ

σζ

θπ

ζπθθεθθε

N

de
a

de
a

dsde

h

h

h ha

h hah s ha

→

−⎟
⎠
⎞

⎜
⎝
⎛=

=−
−

=

∫

∫∫ ∫
−

−−

 

 
and 
 

 25



( )

( )∫
∫∫ ∫

−=

=−=

h

hh s

dh

dhdsd
h

0

2
4

4
0

3
0 0

3 3
)()(

θθπ

ζπθθεθθθε ε

 

 
 
finally 
 
 

( ) ( ) ( ) ( )

( ) ( ) ( )

hhhh aaaa

hc
aaa

eh
a

c

ch
aa

ae
a

ee
a

che
aa

h
a
e

a
zze

aa
ee

a
ye

a
sy

ah

h
hha

ha

ah
h

hha
hah

3321 4
2

3
2

2
1

1

2
3

22
3

2122
)(

1

)(

2
1

1
)(

2
21

)(
1

)(

1
)(

0

1

2
111

11111

10)0(111)0(11)(

εεεε

γ
γ

γ
γ

ζπ
β

ζπ
β

ζπ
β

ζπ

ββ

γ
β

γ
γβ

γ
β

β
γ

β
γ

β

−+++

−⎥
⎦

⎤
⎢
⎣

⎡

−
−

−
−

+

+
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−

+
−+

−
−

−+⎟
⎠
⎞

⎜
⎝
⎛ +−−

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−

−
−

+⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−−

−
−

+−=∫

 

          (D9) 
 

 26



 
REFERENCES 

 
 
1. Bergstrom A. R. ‘Continuous time stochastic models and issues of aggregation over 

time’ 
Handbook of Econometrics, Vol. II, Elsevier Science Publishers BV, 1984. 

 
2. Emerson R.A., Hendry, D.F.  (1998),  ‘Forecasting using leading indicators,’ chapter 

9 in Clements M.P., Hendry, D.F.   Forecasting Economic Time Series, 207-226. 
 
3. Chang, C., and T. Liu, (1951) ‘Monthly Estimates of certain national product 

components, 1946-49’  The review of Economics and Statistics, 219-227. 
           
4. Chow G.C. and Lin, A. L (1971) ‘Best linear unbiased interpolation, distribution 

and   extrapolation of time series by related series’ The review of Economics and 
Statistics 4, 372-375. 

 
5. Chow, G.C. and Lin, A.L. (1976), Best linear estimation of missing observations 

in an economic time series’, Journal of the American Statistical Association 71, 
719-21. 

 
6. Denton [1971], “Adjustment of monthly or quarterly series to annual totals”, 

Journal of the American Statistical Association, 66(333): 99-102. 
    
7. Stock J.H, and Watson, M.W (1988)  ‘A probability model of the coincident 

economic indicators’ NBER Working Paper No. 2772. 
 
8. Gilbert, C. L. (1977), ‘Regression using mixed annual and quarterly data’ Journal 

of Econometrics 5 221-239. 
 
9. Harvey and Pierse [1984], “Estimating missing observations in economic time 

series”. Journal of the American Statistical Association, 79(385): 125-131. 
 
10. Sargan J.D. and E.G. Drettakis (1974) ‘Missing data in an autoregressive model’ 

International Economic Review,  vol. 15, No 1., 39-58. 
 
11. Ingenito R., and B. Trehan (1996) ‘Using monthly data to predict quarterly 

output’ Economic Review, Federal Reseve Bank of San Fransisco No 3. 
 
 
 
 
 
 
 
 

 27



IN THE SAME SERIES 
 
 
No  1  G. Alogoskoufis, Competitiveness, Wage Rate Adjustment and 

Macroeconomic Policy in Greece. Athens, 1990 (in Greek). 

No  2  L. Athanassiou, Adjustments to the Gini Coefficient for Measuring Economic 
Inequality. Athens, 1990. 

No  3  J. Dutta and H. Polemarchakis, Credit Constraints and Investment Finance:  
Evidence from Greece. Athens, 1990. 

No  4  C. Kanellopoulos, The Underground Economy in Greece: What Official Data 
Show. Athens (in Greek 1990 - in English 1992). 

No  5  N. Antonakis and D. Karavidas, Defense Expenditure and Growth in LDCs - 
The Case of Greece, 1950-1985. Athens, 1990. 

No  6  J. Geanakoplos and H. Polemarchakis, Observability and Constrained Optima. 
Athens, 1992. 

No  7 L. Athanassiou, Distribution Output Prices and Expenditure. Athens, 1992. 

No  8 N. Christodoulakis, Certain Macroeconomic Consequences of the European 
Integration. Athens, 1992 (in Greek). 

No  9 V. Rapanos, Technological Progress, Income Distribution and Unemployment 
in the less Developed Countries. Athens, 1992. 

No 10 V. Rapanos, Joint Production and Taxation. Athens, 1992. 

No 11 D. Maroulis, Economic Analysis of the Macroeconomic Policy of Greece 
during the Period 1960-1990. Athens, 1992 (in Greek). 

No 12 C. Kanellopoulos, Incomes and Poverty of the Greek Elderly. Athens, 1992. 

No 13 G. Agapitos and P. Koutsouvelis, The VAT Harmonization within EEC: 
Single Market and its Impacts on Greece's Private Consumption and Vat 
Revenue. Athens, 1992. 

No 14 C. Carabatsou-Pachaki, Elaboration Principles/Evaluation Criteria for 
Programmes. Athens, 1992 (in Greek). 

No 15 C. Carabatsou-Pachaki, Reforming Common Agricultural Policy and 
Prospects for Greece. Athens, 1992 (in Greek). 

No 16 P. Paraskevaides, Effective Protection, Domestic Resource Cost and Capital 
Structure of the Cattle Breeding Industry. Athens, 1992 (in Greek). 

No 17 Cl. Efstratoglou, Export Trading Companies: International Experience and the 
Case of Greece. Athens, 1992 (in Greek). 

No 18 C. Carabatsou-Pachaki, Rural Problems and Policy in Greece. Athens, 1993. 

No 19 St. Balfoussias, Ordering Equilibria by Output or Technology in a Non-linear 
Pricing Context. Athens, 1993. 

 28



No 20 St. Balfoussias, Demand for Electric Energy in the Presence of a two-block 
Declining Price Schedule. Athens, 1993. 

No 21 P. Paraskevaides, Regional Typology of Farms. Athens, 1993 (in Greek). 

No 22 P. Paraskevaides, Evaluation of Regional Development Plans in the East 
Macedonia-Thrace's and Crete's Agricultural Sector. Athens, 1993 (in Greek).      

No 23 C. Eberwein and Tr. Kollintzas, A Dynamic Model of Bargaining in a 
Unionized Firm with Irreversible Investment. Athens, 1993. 

No 24 P. Paraskevaides, Income Inequalities and Regional Distribution of the Labour 
Force Age Group 20-29. Athens, 1993 (in Greek). 

No 25 A. Gana, Th. Zervou and A. Kotsi, Poverty in the Regions of Greece in the 
late 80's. Athens, 1993 (in Greek). 

No 26 Z. Georganta, The Effect of a Free Market Price Mechanism on Total Factor 
Productivity: The Case of the Agricultural Crop Industry in Greece. Athens, 
1993. 

No 27 H. Dellas, Recessions and Ability Discrimination. Athens, 1993. 

No 28 Z. Georganta, Accession in the EC and its Effect on Total Factor Productivity 
Growth of Greek Agriculture. Athens, 1993. 

No 29 H. Dellas, Stabilization Policy and Long Term Growth: Are they Related? 
Athens, 1993. 

No 30 Z. Georganta, Technical (In) Efficiency in the U.S. Manufacturing Sector, 
1977-1982. Athens, 1993. 

No 31 P. Paraskevaidis, The Economic Function of Agricultural Cooperative Firms. 
Athens, 1993 (in Greek). 

No 32 Z. Georganta, Measurement Errors and the Indirect Effects of R & D on 
Productivity Growth: The U.S. Manufacturing Sector. Athens, 1993. 

No 33 C. Carabatsou-Pachaki, The Quality Strategy: A Viable Alternative for Small 
Mediterranean Agricultures. Athens, 1994. 

No 34 E. Petrakis and A. Xepapadeas, Environmental Consciousness and Moral 
Hazard in International Agreements to Protect the Environment. Athens, 1994. 

No 35 Z. Georganta, K. Kotsis and Emm. Kounaris, Measurement of Total Factor 
Productivity in the Manufacturing Sector of Greece 1980-1991. Athens, 1994. 

No 36 C. Kanellopoulos, Public-Private Wage Differentials in Greece. Athens, 1994. 

No 37 C. Vergopoulos, Public Debt and its Effects. Athens, 1994 (in Greek). 

No 38 M. Panopoulou, Greek Merchant Navy, Technological Change and Domestic 
Shipbuilding Industry from 1850 to 1914. Athens, 1995. 

No 39 V. Rapanos, Technical Change in a Model with Fair Wages and 
Unemployment. Athens, 1995. 

 29



No 40 V. Rapanos, The Effects of Environmental Taxes on Income Distribution. 
Athens, 1995. 

No 41 St. Balfoussias, Cost and Productivity in Electricity Generation in Greece. 
Athens, 1995. 

No 42 V. Rapanos, Trade Unions and the Incidence of the Corporation Income Tax. 
Athens, 1995. 

No 43 V. Rapanos, Economies of Scale and the Incidence of the Minimun Wage in 
the less Developed Countries. Athens, 1995. 

No 44 P. Mourdoukoutas, Japanese Investment in Greece. Athens, 1995 (in Greek). 

No 45 St. Thomadakis, and V. Droucopoulos, Dynamic Effects in Greek 
Manufacturing: The Changing Shares of SMEs, 1983-1990. Athens, 1995. 

No 46 N. Christodoulakis and S. Kalyvitis, Likely Effects of CSF 1994-1999 on the 
Greek Economy: An ex ante Assessment Using an Annual Four-Sector 
Macroeconometric Model. Athens, 1995. 

No 47 St. Makrydakis, E. Tzavalis, A. Balfoussias, Policy Regime Changes and the 
Long-Run Sustainability of Fiscal Policy: An Application to Greece. Athens, 
1995. 

No 48 G. Kouretas, L. Zarangas, A Cointegration Analysis of the Official and Parallel 
Foreign Exchange Markets for Dollars in Greece. Athens, 1995. 

No 49 C. Kanellopoulos, G. Psacharopoulos, Private Education Expenditure in a "Free 
Education" Country: The Case of Greece. Athens, 1995. 

No 50 J. Henley, Restructuring Large Scale State Enterprises in the Republics of 
Azerbaijan, Kazakhstan, the Kyrgyz Republic and Uzbekistan: The Challenge 
for Technical Assistance. Athens, 1995. 

No 51 A. Balfoussias, V. Stavrinos, The Greek Military Sector and Macroeconomic 
Effects of Military Spending in Greece. Athens, 1996. 

No 52 V. Stavrinos, V. Droucopoulos, Output Expectations Productivity Trends and 
Employment: The Case of Greek Manufacturing. Athens, 1996. 

No 53 N. Glytsos, Remitting Behavior of "Temporary" and "Permanent" Migrants: 
The Case of Greeks in Germany and Australia. Athens, 1996.  

No 54 N. Glytsos, Demographic Changes, Retirement, Job Creation and Labour 
Shortages in Greece: An Occupational and Regional Outlook. Athens, 1996. 

No 55 D. Dogas, Thoughts on the Apropriate Stabilization and Development Policy 
and the Role of the Bank of Greece in the Context of the Economic and 
Monetary Union (EMU). Athens, 1996 (in Greek). 

No 56 Th. Katsanevas, The Evolution of Employment and Industrial Relations in 
Greece (from the Decade of 1970 up to the Present). Athens, 1996 (in Greek). 

 30



No 57 Chr. Kollias and A. Refenes, Modelling the Effects of  Defence Spending 
Reductions on Investment Using Neural Networks in the Case of  Greece.  
Athens, 1996. 

No 58 Chr. Kollias and St. Makrydakis, The Causal Relationship Between Tax 
Revenues and Government Spending in Greece: 1950-1990.  Athens, 1996. 

No 59 St. Makrydakis, Testing the Intertemporal Approach to Current Account 
Determi-nation: Evidence from Greece.  Athens, 1996.         

No 60 Chr. Kollias and St. Makrydakis, Is there a Greek-Turkish Arms Race?: 
Evidence from Cointegration and Causality Tests.  Athens, 1997.  

No 61 M. Karamessini, Labour Flexibility and Segmentation of the Greek Labour 
Market in the Eighties: Sectoral Analysis and Typology.  Athens, 1997. 

No 62 M. Chletsos, Government Spending and Growth in Greece 1958-1993: Some 
Prelimi-nary Empirical Results. Athens, 1997. 

No 63 M. Chletsos, Changes in Social Policy - Social Insurance, Restructuring the 
Labour Market and the Role of the State in Greece in the Period of European 
Integration.  Athens, 1997. 

No 64 M. Chletsos, Chr. Kollias and G. Manolas, Structural Economic Changes and 
their Impact on the Relationship Between Wages, Productivity and Labour 
Demand in Greece. Athens, 1997. 

No 65 C. Kanellopoulos, Pay Structure in Greece. Athens, 1997. 

No 66 N. Christodoulakis, G. Petrakos, Economic Developments in the Balkan 
Countries and the Role of Greece: From Bilateral Relations to the Chalenge of 
Integration.  Athens, 1997. 

No 67 St. Makrydakis, Sources of Macroecnomic Fluctuations in the Newly 
Industrialised Economies: A Common Trends Approach. Athens, 1997. 

No 68 S. Djajic, S. Lahiri and P. Raimondos-Moller, Logic of Aid in an 
Intertemporal Setting. Athens, 1997. 

No 69 M. Karamessini, O. Kaminioti, Labour Market Segmentation in Greece: 
Historical Perspective and Recent Trends. Athens, 1999. 

No 70  St. Balfoussias, R. De Santis, The Economic Impact Of The Cap Reform On 
The Greek Economy: Quantifying The Effects Of Inflexible Agricultural 
Structures. Athens, 1999. 

No 71 C. N. Kanellopoulos, K. G. Mavromaras, Male – Female Labour Market 
Participation and Wage Differentials in Greece. Athens, 2000. 

 

 31


	Th. Simos
	ABSTRACT
	In section 2 we set the assumptions and we prove the theorem for the EDECM which provide the basis for the estimation methods. In section 3 we state the two methods for obtaining unbiased ML estimates for the monthly GDP.  In parts A to D of the Mathematical Appendix we state the necessary technical facts that support the proof of the theorem in section 2. Finally in section 4 we conclude with some remarks.
	2. THEOREM


	Proof of the theorem
	 
	Estimation methods based on the likelihood function

	Steps:
	B. Skipping method

	3. CONCLUSION
	MATHEMATICAL APPENDIX
	PART B
	PART C


	REFERENCES

