
   
 
BOFIT Discussion Papers 
15 • 2013 

  Iikka Korhonen and Anatoly Peresetsky 

  Extracting global stochastic trend 
from non-synchronous data 

  

 

 
 

 
Bank of Finland, BOFIT 
Institute for Economies in Transition 
 

 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
BOFIT  Discussion Papers 
Editor-in-Chief Laura Solanko 
 
 
 
 
 
 
 
 
 
 
 
 
BOFIT  Discussion Papers 15/2013 
19.6.2013 
 
 
Iikka Korhonen and Anatoly Peresetsky: Extracting global stochastic trend 
from non-synchronous data 
 
 
 
 
 
ISBN 978-952-6699-18-9 
ISSN 1456-5889 (online) 
 
 
 
 
 
 
 
 
 
This paper can be downloaded without charge from http://www.bof.fi/bofit. 
 
 
 
 
Suomen Pankki 
Helsinki 2013 
 



BOFIT- Institute for Economies in Transition 
Bank of Finland 

BOFIT Discussion Papers 15/ 2013 

 
 

 3 

Contents 
 

Abstract .................................................................................................................................. 4 

1 Introduction .................................................................................................................... 5 

2 The model ....................................................................................................................... 7 

3 Estimation of global stochastic trend ........................................................................... 11 

4 Relative importance of local and global news ............................................................. 14 

5 Conclusions .................................................................................................................. 18 

References ........................................................................................................................... 20 

Appendix ............................................................................................................................. 21 

 
  



Iikka Korhonen and Anatoly Peresetsky Extracting global stochastic trend from non-synchronous data 

 
 

 4 

Iikka Korhonen and Anatoly Peresetsky 
 
 
 

Extracting global stochastic trend from non-synchronous data 
 
 
 
 

Abstract 
 

We use a Kalman filter type model of financial markets to extract a global stochastic trend 

from the discrete non-synchronous data on daily stock market index returns of different 

stock exchanges. The model is tested for robustness. In addition, we derive “most impor-

tant” hours of world financial market and estimate the relative importance of local versus 

global news for different stock markets. The model generates results that are consistent 

with intuition. 
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stock market returns, global stochastic trend, state space model, Kalman filter, non-

synchronous data. 
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1  Introduction 
 
Observing the scatterplot of stock market indices with the naked eye (Figure 1), one de-

tects a common pattern, something that might be termed a “global stochastic trend”. Our 

idea here is that the value of a local stock market index is the sum of two components: 

(scaled) global stochastic trend and local fluctuation. Global stochastic trend is that com-

mon part of all local indices which absorbs all the news across the globe that is important 

for the global financial market and is determined at each point in time. But the trend is not 

directly observable; it exists only in the minds of traders. Local fluctuations depend partly 

on the local news, which is unimportant for the global financial market.  

The purpose of this paper is to design a model that will extract the global trend 

from daily closing values of the stock market. These closing times differ but are distributed 

along the global time scale. For example, the closing times for stock exchanges in Mos-

cow, Tokyo, and New York are respectively 6:00, 15:00, and 21:00 GMT. Thus the model 

should extract the common stochastic trend from non-synchronous data. 

 
Figure 1 Stock market indices (in logs) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Our novel contribution is related to several strands of the literature. There are some papers 

which apply state-space models (Kalman filter) to extract common stochastic trend from 

synchronous data. Dungey, Martin, and Pagan (2000) use weekly data to study the spreads 
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on long-term bonds for Australia, Japan, Germany, Canada and the UK, all relative to the 

USA, over the period 1991 to 1999. At weekly data frequency, the non-synchronous nature 

of the observations could be neglected. They use a dynamic factor model to decompose 

spreads into national and global factors. The factors are latent, and are assumed to have 

GARCH-type specifications and to exhibit serial dependence. The parameters of the model 

were computed using the indirect estimator of Gourieroux et al. (1993) and Gallant and 

Tauchen (1996), as well as a direct Kalman filter approach. They found that the world fac-

tor is the dominant influence for Australian and Canadian spreads, while both the UK and 

Germany display strong country-specific effects, albeit not as strong as does Japan. 

Chang, Miller and Park (2009) investigate the statistical properties of estimators 

of parameters and unobserved series for state space models with integrated time series. In 

one such application, they use a Kalman filter model to derive latent common stochastic 

trend from daily observations on the 30 price series of the stocks that comprise the Dow 

Jones Industrial Average (DJIA). They found that the extracted common stochastic trend 

resembles the DJIA quite closely up to an affine transformation. 

Cartea and Karyampas (2011) use Kalman filter-based methodology to decom-

pose price series into the true efficient price and the microstructure noise. They found that 

the decomposition allows one to estimate the variance covariance matrix of assets returns 

in a more efficient way than the methods so far proposed in the literature, which is impor-

tant for portfolio decision-making. 

Bae and Kim (2011) use a two-step state space model and monthly data to exam-

ine the existence of global and regional factors and to analyze the effects of both factors on 

four Asian countries’ yield curves. They found that the variation in the global and slope 

factor accounts for a significant fraction of the variation in Asian countries’ bond yields. 

The Singapore level loading on the global level factor proved to be larger than those of the 

other countries, whereas the Hong Kong slope loading on the global slope factor was larger 

than those of the other countries. 

Felices and Wieladek (2012) use monthly observations (1995–2007) on vulner-

ability indicators of financial crises, real exchange rate appreciation and international re-

serve growth, for 31 emerging market economies (EMEs) and 10 industrialized countries. 

They employ a Kalman filter-based model with time variation (Bayesian dynamic common 

factor model) to estimate the common component and find that a single common factor 
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contributes on average up to 60% of the total variation in the vulnerability indicators. The 

exposure to global factors in most countries tends to fluctuate around the mean. 

To the best of our knowledge, no one has yet suggested that one could extract 

common (global) stochastic trend from non-synchronous data such as daily returns on 

world stock markets. In this paper we offer a model for exploiting the Kalman filter ap-

proach to derive a global stochastic trend from non-synchronous discrete data. 

 
 

2  The model 
 
In an earlier paper (Korhonen and Peresetsky, 2013) we found that, as a result of globaliza-

tion of the world economy and financial markets, a local stock market index return tI  

could be split into two parts: the global stochastic trend tIG , and  the local part, specific to 

that market tIL . The global trend tIG  absorbs all news from the world economy and world 

financial markets that is available at time t  and important for all markets. The local sto-

chastic trend tIL  absorbs local news that is important only to investors in the local market. 

The reason for this is globalization: more and more traders/financial firms operate, not in 

one but in many markets, and there is continuous 24 hours trading for many financial in-

struments. Thus we assume that  

 

 _ _ _t t tr I r IG r IL= + ,   (1) 

 

where prefix _r  means log return: 1_ ln( / ).t t tr I I I −=  

In order to describe the model we first consider an example with three stock-index 

daily returns: Japan (NIKKEI225), Russia (MICEX), US (S&P500). The value of each in-

dex is fixed at the closing time of the exchange, respectively 6:00, 15:00, and 21:00 GMT. 

Assuming there exists a common stochastic trend, we use the denotations 1 , 2 , 3t t tε ε ε  for 

log-returns of this trend in time intervals, respectively from 21:00 (day 1t − ) to 6:00 (day 

t );  from 6:00 (day t ) to 15:00  (day t ); and from 15:00 (day t ) to 21:00  (day t ). Figure 

2 illustrates the correspondence between the epsilons and the daily returns for the three in-

dices.  
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Figure 2 Daily returns and state variables 
 

 
 

The usual formulation for the Kalman filter model is given in (2): 

 

1

t t t t

t t t

y Ax Hs u observation equation
s Fs v state equation−

= + +
= +

 (2) 

where 

( 1),ty n observables− × , 
( 1),ts m state variables− × , 
( ), ( ), ( ),A n k H n m F m m matrices− × − × − × ,  

~ (0, ) ( 1)t uu n random vectorΣ − × , 
~ (0, ) ( 1)t vv m random vectorΣ − × . 

 
In our case the observables are [ _ , _ , _ ]t t t ty r nikkei r micex r snp ′= , and the epsilons are 

state variables. Since the indices have different scales, their returns have in common affine 

transformations of the common stochastic trend; hence the observation equation are (3): 

 

1 1 1 1_ ( 2 3 1 ) 1t t t t tr nikkei uα β ε ε ε− −= + + + + , 

2 2 1_ ( 3 1 2 ) 2t t t t tr mmvb uα β ε ε ε−= + + + + ,  

3 3_ ( 1 2 3 ) 3t t t t tr snp uα β ε ε ε= + + + + , (3) 
 

 

GMT 

time 
Nikkei t-1 SNPt-1 Micex t-1 Nikkei t Micex t SNPt 

day t-1 day t 

12tε −  13tε −  2tε
 

1tε  3tε  
15:00 15:00 21:00 6:00 21:00 6:00 

_ tr nikkei
 

_ tr micex
 

_ tr snp
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where 1 12 3 1t t tε ε ε− −+ + ,  13 1 2t t tε ε ε− + + , and 1 2 3t t tε ε ε+ +  are returns for the global 

stochastic trend, corresponding to the three closing times. Local fluctuations 1 , 2 , 3t t tu u u  

are presumed not to be correlated with the global stochastic trend. Intercepts iα  are not 

necessary, but are added to the model to account for possible local trend, we expect that 

their estimates will not be significantly different from zero. We also consider a model (3) 

without intercepts, and compare these two models to test for robustness. 

Since the standard formulation of the state space model (1) does not allow for 

lagged state variables in the observation equations, it is necessary to increase dimensions 

of the state vector by introducing two additional components, 2 , 3t tL Lε ε . Finally we arrive 

at the model (4)–(7): 

Observation equations: 
 

1 1_ ( 2 3 1 ) 1t t t t tr nikkei L L uα β ε ε ε= + + + + ,

2 2_ ( 3 1 2 ) 2t t t t tr mmvb L uα β ε ε ε= + + + + , 

3 3_ ( 1 2 3 ) 3t t t t tr snp uα β ε ε ε= + + + + , (4) 

 

State equations: 
 

1

1

1 1 ,
2 2 ,
3 3 ,
2 2 ,
3 3 ,

t t

t t

t t

t t

t t

v
v
v

L
L

ε
ε
ε
ε ε
ε ε

−

−

=
=
=
=
=

 (5) 

where random vectors [ ]1 , 2 , 3t t t tu u u u ′=  and [ ]1 , 2 , 3t t t tv v v v ′=  are uncorrelated at all 

lags. Both vectors are vector white noise, and ( ) , ( )t u t vVar u Var v= Σ = Σ . In our model we 

assume the simplest specification of these covariance matrices (5):  
 

2 2 2
1 2 3( , , )u u u udiag σ σ σΣ = , 2 2 2

1 2 3( , , )v v v vdiag σ σ σΣ = .  (6) 

 

To make the model (4)–(6) identifiable we impose restriction (7) on the parameters:  
 

2 2 2
1 2 3, 1v v vσ σ σ+ + = . (7) 
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Thus we have the state-space model (4)–(7) with 3n =  observation equations and 5m =  

state equations. Parameters of the model are 
2 2 2 2 2 2

1 1 2 2 3 3 1 2 3 1 2 3, , , , , , , , , , ,u u u v v vα β α β α β σ σ σ σ σ σ  with the imposed restriction (7). 

The model could be estimated using real observation on the market-index returns 

[ _ , _ , _ ]t t t ty r nikkei r micex r snp ′= , using the Kalman filter procedure. We obtain pa-

rameter estimates 2 2 2 2 2 2
1 1 2 2 3 3 1 2 3 1 2 3

ˆ ˆ ˆˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ, , , , , , , , , , ,u u u v v vα β α β α β σ σ σ σ σ σ , and predictions for the 

state variables ˆ ˆ ˆ1 , 2 , 3t t tε ε ε . By summing the state variables one can estimate the evolution 

of the global stochastic trend. Also it is possible to split stock market returns into global 

and local parts (1) as shown in (8): 

 

𝑟_𝑛𝑖𝑘𝑘𝑒𝑖𝑡 = 𝛼�1 + �̂�1(𝜀̂2𝑡−1 + 𝜀̂3𝑡−1 + 𝜀̂1𝑡) + 𝑢�1𝑡 = 𝛼�1 + 𝑟_𝑛𝚤𝑘𝑘𝑒𝚤𝐺𝑡� + 𝑢�1𝑡, 

 
𝑟_𝑚𝑖𝑐𝑒𝑥𝑡 = 𝛼�2 + �̂�2(𝜀̂3𝑡−1 + 𝜀̂1𝑡 + 𝜀̂2𝑡) + 𝑢�2𝑡 = 𝛼�2 + 𝑟_𝑚𝚤𝑐𝑒𝑥𝐺𝑡� + 𝑢�2𝑡, 

 
𝑟_𝑠𝑛𝑝𝑡 = 𝛼�3 + �̂�3(𝜀̂1𝑡 + 𝜀̂2𝑡 + 𝜀̂3𝑡) + 𝑢�3𝑡 = 𝛼�3 + 𝑟_𝑠𝑛𝑝𝐺𝑡� + 𝑢�3𝑡.  (8) 

 

In a similar manner, one could build a model using k  stock indices, each with its own 

closing time. In that case the number of observation equations would be n k=  and the 

number of state equations 2 1m k= − . If some of indices have identical closing times, the 

number of state equations decreases.  

Thus we consider two other models:  

Model 2 with 5 indices NIKKEI (6:00), MICEX (15:00), DAX, PX (16:30)1, SNP 

(21:00), 5, 7n m= = ; GMT closing time in parentheses.  

Model 3 with 10 indices: NIKKEI (6:00), HSI (8:00), SENSEX (10:00), MICEX 

(15:00), DAX, PX, FTSE (16:30), IBOV (20:00), DJI, SNP (21:00), 10, 13n m= = 2. 

 

 

 

 

                                                 
1 DAX is German index (Frankfurt), PX is Czech Republic index (Prague). 
2 HSI — Hong Kong, SENSEX — India (Bombay), FTSE — UK (London), IBOV — Brasil (Sao Paulo), 
DJI — New York. 
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3  Estimation of global stochastic trend 
 

Consistency of the results for the different models  
 
Part of the MICEX (NIKKEI, SNP) index return defined by the global trend 𝑟_𝑚𝚤𝑐𝑒𝑥𝐺𝑡�  

(𝑟_𝑛𝚤𝑘𝑘𝑒𝚤𝐺𝑡� , 𝑟_𝑠𝑛𝑝𝐺𝑡� ) could be estimated with any of the three models (Model 1, Model 

2, Model 3). In that case, provided the general idea of the existence and role of the global 

trend is correct, all three estimates will be significantly correlated, and correlations be-

tween the results for Models 2 and 3 would likely be higher than the other correlations, 

since more information increases the likelihood that the estimate will be closer to the 

“true” global trend part of daily returns. Correlations among the three estimates of the 

global part and index return itself, presented in Table 1, are fairly high, 0.85–0.97. For 

MICEX correlation between Models 2 and 3, the estimate is higher than between the other 

two; for NIKKEI and SNP, the correlations are almost identical.  

For SNP, the correlations between index return and its global part are very high 

(0.96–1.00) compared to the two other stock-index returns. This means that SNP is actually 

almost equal to the global trend. The NIKKEI runs closer to the global trend than does the 

MICEX. 

Three estimates of the global trend at closing time for the Moscow exchange, cor-

responding to Models 1–3 are presented in Figure 3. The estimates seem to be very similar, 

which is quite remarkable, especially taking into account that these estimates of the global 

index are calculated as sums of the estimates of the global index daily returns. 
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Table 1 Correlations between Model 1–3 estimates of the global part of returns 
  r_micexG (1) r_micexG (2) r_micexG (3) 
r_micexG (1) 1   
r_micexG (2) 0.851 1  
r_micexG (3) 0.876 0.944 1 
r_micex 0.726 0.604 0.624 
    
  r_nikkeiG (1) r_nikkeiG (2) r_nikkeiG (3) 
r_nikkeiG (1) 1   
r_nikkeiG (2) 0.961 1  
r_nikkeiG (3) 0.926 0.931 1 
r_nikkei 0.817 0.751 0.714 
    
  r_snpG (1) r_snpG (2) r_snpG (3) 
r_snpG (1) 1 0.973  
r_snpG (2) 0.973 1  
r_snpG (3) 0.972 0.964 1 
r_snp 0.971 0.958 0.996 

 
 
Figure 3 Three estimates of the global stochastic trend 
 
 

 
 
 
 
 
 

 

 

 

 

 

 

 

Overall, we infer that the model provides robust estimates of the global stochastic trend. 

In addition to our main results concerning the global stochastic trend, we provide 

some robustness checks. We estimated models with and without intercepts iα , and ob-

tained virtually identical results. 
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We also experimented with shorter time sample, i.e. leaving out the most recent 

crisis. To check this, the initial sample, covering 23 September 1997 – 7 March 2012 and 

including two financial crises, is reduced to the relatively calmt period of 1 July 1999 – 1 

July 2008. Model 1 was estimated on both samples; the correlations for the estimated 

global parts of the three indices at the common time interval are presented in Table 2. 

 

Table 2 Correlations between Model 1 estimates of the global part of the returns for two periods 
 

micexG nikkeiG snpG 

0.987 0.992 0.999 

 
Figure 4 presents the log of the SNP index and two estimates of the global stochastic trend. 

The first one is for estimation over the whole period 23 September 1997 – 7 March 2012 

(global2), and the second refers to the short period of 1 July 1999 – 1 July 2008 (global1). 

Both estimates are calculated at the closing time of the New York stock exchange. Note 

that the global trend could be identified only up to an affine transformation. Both estimates 

in Fig.4 are normalized to coincide with log SNP at July 1, 1999.  

In Figures 5 and 6 similar plots are presented for the NIKKEI and MICEX indi-

ces. Plots of the global index are presented for the closing times of the correspondent ex-

changes. Note that the Russian index MICEX is less closely related to the global trend 

compared with Japanese or US indices. 

 
Figure 4 Log(SNP) and two estimates of the global stochastic trend  
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Figure 5 Log(NIKKEI) and two estimates of the global stochastic trend  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 Log(MICEX) and two estimates of the global stochastic trend  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4  Relative importance of local and global news 
 

Local news. The relative importance of local news could be measured as the ratio of the 

local-part variance of the index return to total variance of the index return 

( _ ) / ( _ )Var r IL Var r I . Such ratios were calculated via three models (results in Fig. 7). As 

expected, local news is highly important for emerging markets: Russia (MICEX), India 
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(SENSEX), Brasil (IBOV), Czech Republic (PX). And for Japan (NIKKEI), the local news 

appears to be relatively important. This result may be explained by the disappointing and 

highly idiosyncratic performance of the Japanese economy during the past two “lost” dec-

ades. And importance of local news is relatively small for the US (DJI, SNP), the UK 

(FTSE), and Germany (DAX), since most news in these countries is actually global news. 

 

Figure 7 Relative importance of local news 
 

 
 
 

 

 

 

 

 

 

 

 

 

It is possible to study the evolution of these ratios over time. For this, we calculated the 

ratios ( _ ) / ( _ )Var r IL Var r I  for moving windows of size 150 trading days, Time series 

trel_var_I  denotes the ratio ( _ ) / ( _ )Var r IL Var r I  calculated for the window ( 149, )t t− . 

The next series, trel_var_I , was smoothed using the 51-point centered moving average. 

The resulting plots for Model 1 are presented in Fig. 8. The three plots reveal a decreasing 

importance of local news for the three markets. This is in line with the conclusion of Kor-

honen and Peresetsky (2013), who found an increasing trend of globalization of the world 

financial markets, especially after 2003. A bit of relative importance of the local news is 

observed for the 2008–2009 crisis, during which the markets are more highly correlated 

with each other. 
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Figure 8 Relative importance of the local news: Trend 
 (MICEX, NIKKEI — left scale, SNP — right scale) 
 

 
 

 

 

 

 

 

 

 

 

 

 

Global news density. In Figure 2 the variance of the global index return between 15:00 

and 20:00 GMT, ( 3)V ε  can be interpreted as the amount of news during this 6-hour inter-

val of the global time scale. If the global trend is a random walk, this variance should be 

proportional to the length of the interval. Thus we interpret ( 3) / 6V ε  as the average den-

sity of news per hour in this time interval. Similar calculations could be done for all time 

intervals used in models 1–3. Closing-to-closing time intervals of the markets, which are 

used in this paper, are presented in Figure A1 in the Appendix. 

 

Figure 9 Density of global news, Model 1 
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Density of global news, estimated with Model 1, is presented in Fig. 9. Results for Model 3 

estimations are presented in Figure 10. From Figures 9 and 10 one may conclude that the 

most important hour for the global financial market news is 20:00–21:00 GMT, one hour 

before closing time of the New York Stock Exchange. 

 
Figure 10 Density of global news, Model 3 

 
 

 
 

 

 

 

 

 

 

 

The evolution of news densities over time is presented in Figure 11. The densities are cal-

culated for moving windows of 150 trading days. A point on the time scale corresponds to 

the right side of the window. The time series of densities are smoothed using the 51 point 

centered moving average. Results are presented for the three intervals based on Model 1 

and for the last hour before NYSE closing based on Model 3.  

All four plots reveal huge jumps of news density during the 2008–2009 crisis. In 

all periods the highest news density is for the last hour before NYSE closing, 20:00-21:00 

GMT. 

 

 

 

 

 

 

  



Iikka Korhonen and Anatoly Peresetsky Extracting global stochastic trend from non-synchronous data 

 
 

 18 

0.00

0.10

0.20

0.30

0.40

0.50

0.60

1-
Ju

n-
98

1-
Ju

n-
99

31
-M

ay
-0

0

31
-M

ay
-0

1

1-
Ju

n-
02

1-
Ju

n-
03

31
-M

ay
-0

4

31
-M

ay
-0

5

1-
Ju

n-
06

1-
Ju

n-
07

31
-M

ay
-0

8

31
-M

ay
-0

9

1-
Ju

n-
10

1-
Ju

n-
11

31
-M

ay
-1

2

-0.1

0.1

0.3

0.5

0.7

0.9

1.1

21:00-6:00
6:00-15:00
15:00-2100
20:00-21:00

Figure 11 Density of global news, Trend 
 (intervals 21:00–6:00, 6:00–15:00, 15:00–21:00 — left axis, 20:00–21:00 — right axis) 

 

 
 

 

 

 

 

 

 

 

 

 

 

5  Conclusions 
 
In this paper we present a model of global stock market returns based on the concept of 

global market index, which is not observable. The market return is split into the two parts, 

the first being defined by the global market index, which accumulates all relevant informa-

tion from the global markets, and the second being driven by local news, which is not im-

portant for the global market.  

We build a Kalman-filter type model which enables us to estimate the unobserv-

able global market index from observations on daily returns of the various markets distrib-

uted over the globe. The highlight of this model, in contrast to models that extract a com-

mon stochastic trend, is that it can deal with non-synchronous data. Our model is applied to 

returns of three, five, and ten stock indices. It is shown that the results are robust with re-

spect to the chosen set of indices and time intervals for estimation. Furthermore, the results 

agree with intuition. 

The density of news is highest in the interval between closing times in Moscow 

and New York (15:00–21:00 GMT). For model 3 the highest news density is in the time-

frame 20:00–21:00 GMT — the last hour of trading before closing of the New York Stock 

Exchange. 
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The indices for the large markets, DJI, S&P, DAX, are the main determinants of 

the global trend. Small markets, such as those of Russia, India, Czech, Brazil, may deviate 

widely from the global trend. 

From the year 2003 increasing integration of the stock markets is observed, mean-

ing that the importance of local news decreases with time. This is in line with results of the 

Korhonen and Peresetsky (2013), where quite different models lead to the same conclu-

sion. 
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Appendix 
 
 
Figure A1 Closing-to-closing time interval for different stock markets (GMT) 
 

 
Source: http://www.marketclocks.com/ and stock market websites. 
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