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Abstract 
 
The world economy in the last two decades is clearly marked by the integration of 
emerging countries in the international division of labor. To better understand the 
“globalization” effect, it is helpful to analyze the pattern and structure of world trade 
volume in the past, in order to draw conclusions for future development. An unobserved 
components model is used for decomposing world trade volume into trend, cycle, sea-
sonal and irregular components. The analyses show that the process of the world trade 
volume is driven by the well-known fluctuations in form of the “Kitchin” and “Juglar 
Cycle”. Furthermore, there is one more cycle with a period between 4 and 5 years which 
improves the estimation results significantly. The information of the cyclical behavior 
of the time series is used for projections.  
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1 Introduction 

The world economy in the last two decades is clearly marked by the integration of 

emerging countries in the international division of labor. In the 1980s, the Asian 

“tigers” in Singapore, Taiwan and Hong Kong developed rapidly and increasingly 

engaged in international trade. Other Asian countries such as South Korea, Malaysia, 

etc. followed. Since the mid-1990s, the Eastern European reform countries of Poland, 

Hungary, Russia, etc., along with upcoming nations like China and most recently India, 

have intensified activity in the world market. This effect is often measured in terms of 

world trade volume, which has strongly expanded in the past. For instance, the 

international transactions of goods have more than doubled from 4,139.9 billion US 

dollars in 1994 to 9,051.8 billion US dollars in 2004 (International Financial Statistics 

2005). 

 

To better understand the “globalization” effect, it is helpful to analyze the pattern and 

structure of world trade volume in the past, in order to draw conclusions for future 

development. Furthermore, world trade volume is often used as an explanatory variable 

in estimation equations of national exports of goods and services. Reliable forecasts of 

world trade volume can also improve national projections of, for example, the German 

or the US trade balance. 

 

In this study, an unobserved components (UC) model is used for decomposing world 

trade volume into trend, cycle, seasonal and irregular components. This method was 

already effectively applied in analyzing GDP series of various countries (see, e.g., 

Watson 1986, Clark 1987, Harvey/Jaeger 1993, Gerlach/Smets 1998 for the EMU area, 

Kichian 1999 for Canada, Flaig 2001 for the US, Flaig 2002 for Germany and Flaig 

2005 for the German Production Index) and in identifying the German inventory cycle 

(Langmantel 2005). 

 

The advantage of this type of model is that it is explicitly based on the stochastic 

properties of the data and that it is very flexible in accommodating peculiar features of 

the time series as outliers or structural breaks (see, e.g., Harvey/Jaeger 1993 and Flaig 
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2002). This study shows that beside a stochastic trend, cycles also determine the time 

series. This information is useful for generating projections to future, and the derived 

models can provide a simple basis for time series forecasts compared to complex 

calculations of global macro models. Since projections of large macro models are not 

inevitably better, and these models are more costly to operate than structural time series 

models, the unobserved component model is introduced as an interesting alternative 

forecasting method. 

 

The organization of the paper is as follows: In section 2, the data basis and sources are 

described. In section 3, the econometric model and the alternative specification of the 

components are presented. Section 4 provides the empirical results of the estimations of 

the world trade volume and of the forecasting models. The final section contains a short 

summary and some concluding remarks. 

 

2 Data  

There are several time series with different survey periods from various sources that 

measure the development of world trade. We focus our research on two time series of 

official institutes. First, we examine the time series of the International Financial 

Statistics (IFS) from the International Monetary Fund (IMF) 2005: World, International 

Transactions, Exports (f.o.b.), in US dollars. The data covers the nominal flow of 

commodities and they are available monthly starting from 1957:1 to 2005:9. The 

deficiency of the data is that they are in nominal terms. Increases in prices, e.g. oil 

prices, expand the trade volume independent of the real exchange of goods. So we 

calculate a time series with data that is deflated with the export unit value index, 

2000=100, IFS 2005. 

 

Second, we consider a comprehensive series of world trade volume from the OECD 

which also includes services: OECD, Economic Outlook, Dec. 2005: World, Trade of 

Goods and Services, Volume, in US dollars of 2000, seasonally adjusted. This series is 

available in quarterly terms from 1975:1 to 2005:2. Figure 1 shows the time series in 

logs. 
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Figure 1: World Trade Volume (quarterly in logs) from IMF and OECD  
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A first look at Figure 1 shows that the two series proceed similarly. The fractions of 

goods and services in total world trade seem nearly stable since 1985. The advantage of 

the IMF series is the long time-horizon, which supports the structural time series 

analysis. 

 

At first glance the data show an upward trend that is not constant over time. There was 

strong trade growth from 1963 until 1973 under the Bretton Woods System with an 

intensification of the division of labor between Europe, Japan and USA. The growth 

continued after the change of the exchange rate system, but the phase of expansion 

ended 1974 when the first oil crisis occurred. A sharp decline in world trade volume 

marked the subsequent world recession. It seems as if the world trade growth after the 

oil crises was slower than before and decelerated with the second oil price increase at 

the beginning of the 1980s. The decrease of world trade volume in 1983 displays the 
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following recession. Afterwards there was a long, stable increase in world trade which 

stopped in 1997 as the financial crisis of the Asian emerging countries dampened the 

international exchange. The millennium boom 2000 and the adjacent sharp decline 

which shows the recession especially of the USA in 2001 is also reflected in the time 

series. After 2002 trade volume expanded again continually. 

 

Since the selected time series show roughly the same behavior, the statistical description 

is nearly similar for the variables. Using the advantage of the long time-span of the IMF 

series, we concentrate only on that variable in the graphical and statistical presentation. 

In Figure 2 the quarter-on-quarter annual growth rate of the IMF World Trade Volume 

and the corresponding correlogram are displayed. In addition, the graphs for the Cusum 

and Cusum of squares tests are printed. 

 

The quarter-on-quarter annual growth rate of the IMF World Trade Volume fluctuates 

around a mean of 6.2%. The CUSUM test indicates stationarity of the growth rate at a 

significance level of 10% (see Figure 2). The graph of the CUSUM test also confirms, 

that there are observable up and down swings in the growth rate of the trade volume. If 

we devide the sample into 10-year sub periods, it becomes apparent which phases 

under- and overperformed. From 1958 until 1967 the trade volume increased, on 

average (6.4%), whereas in the period from 1968 to 1977 it performed above average at 

7.2%. Thereafter the growth slowed down from 1978 to 1987 with a mean of only 3.3%. 

The phase from 1988 to 1997 again shows above average performance with a mean of 

7.5%. From 1998 until now the trade volume increased according to the overall mean 

(6.3%). 

 

This analysis indicates that the trend of the time series is stochastic, which will be 

specified in the UC model in section 3. The CUSUM of squares test (CUSUM Q) 

detects no extraordinary changes in the variance of the growth rate. Only in the late 

1970s and in the 1980s is there a noticeable deviation from the linear increase of the 

CUSUM Q. Overall, the growth rate of world trade volume is rather homoscedastic (see 

Figure 2). Of special interest is also the correlogram that displays the sample 
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autocorrelation function (ACF). The graph shows a cyclical autocorrelation in the world 

trade series. This fact, which is of major interest with regard to business cycle analysis 

and forecasting, needs further investigation. Therefore the UC model should consider 

one or more cycle components. 

 

Figure 2: Descriptive Statistics of the q-o-q annual growth rate of the IMF World trade 

Volume 
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3 An Unobserved Components Model for World Trade Volume 

The above-mentioned descriptive statistics of world trade volume provides information 

about the specification of the structural time series model. The results of the data 

description are straight forward: the time series exhibit a stochastic trend and the 

variance of the variables is determined by one or more cycles, which could be 

deterministic or stochastic. In addition, the IMF World Trade Volume, in contrast to the 
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OECD time series, is not seasonally adjusted. Therefore the model for this variable has 

to include a seasonal component. 

 

In the following, we decompose the logarithm of world trade volume1  into the 

unobserved components trend 

ty

tμ , cycle tψ , season tγ  and the irregular tε  (see Harvey 

1989, Maravall 1997): 

(1)   ,ttttty εγψμ +++=                                 t = 1,…..,T.  ),,0(~ 2
εδε NIDt

The stochastic trend component tμ  is specified as: 

(2)   ,11 tttt ηβμμ ++= −−               ),,0(~ 2
ηδη NIDt

(3)  ,1 ttt ζββ += −                          ).,0(~ 2
ζδζ NIDt

where tβ  is the slope of the trend tμ . The irregular tε , the level disturbance tη  and the 

slope disturbance tζ  are mutually uncorrelated. This specification is also called a local 

linear trend model (see e.g. Schlittgen/Streitberg 2001). 

 

We specify the stochastic cycle tψ as the sum of M sub-cycles: 
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where iρ , in the range 10 ≤< iρ , is a damping factor; is the frequency, in radians, 

in the range ; 

c
iλ

πλ ≤≤ c
i0 it ,κ  and  are two mutually uncorrelated NID disturbances 

with zero mean and common variance . Note that the period of the cycle is . 

The variance of the cycle itself, , is related to the variance of the disturbance term by 

*
,itκ

2
κδ

c
iλπ /2

2
ψδ

                                            
1 In this case the components of the primal time series have a multiplicative relationship. 
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222 )1( ψκ δρδ −= . It follows that as 02 →κδ 1→ρ . In this case the stochastic cycle 

reduces to the deterministic, but stationary, cycle: 

(6)   tt c
i

c
t i

λψλψψ sincos *
00 += ,                      .,......,1 Tt =  

Since the calculated time series of the IMF World Trade Volume exhibits seasonal 

effects, a seasonal component is included in the UC model. In the case of the seasonally 

adjusted OECD time series, no seasonal component will be considered. The stochastic 

season tγ  can be modeled as a dummy variable approach or as a trigonometric seasonal 

cycle (see, e.g., Flaig 2003). The seasonal dummy approach is given by: 

(7)   ,)( 321 ttttt ωγγγγ +++−= −−−                        . ),0(~ 2
ωδω NIDt

The trigonometric seasonal cycle approach starts from the idea that the seasonal effect 

at time t can be specified as the sum of two cycles with the seasonal frequencies 2/π  

(period of four quarters) and π  (period of two quarters): 

(8)   .2,1, ttt γγγ +=  

Each seasonal cycle can be described by a stochastic recursive formula (see Harvey 

1989): 
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,2/ii πλ ≡  i=1,2, denotes the seasonal frequencies and ( ) are two uncorrelated 

white noise random variables with common variance . For i=2 the component 

collapses to: 

*
,, , itit ωω

2
ωδ

(10) .cos ,,1, itiitit ωλγγ += −  

The irregular component tε  reflects temporary shocks that are, as mentioned above, 

modeled as a white noise variable with the variance . 2
εδ

 

The model can be extended by intervention variables that capture outliers or structural 

breaks. An outlier can be thought of as an unusually large value of the irregular 

disturbance at a particular time. It can be captured by an impulse intervention dummy 

that takes the value one at the time of the outlier and zero elsewhere. A structural break, 

in which the level of the series shifts up or down, is modeled by a step intervention 
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variable, which is zero before the event and one after. This kind of break is identified by 

an unusually large value of the level disturbance. Analogically a large value of the slope 

disturbance indicates a structural break in the slope, which can be modeled by a 

staircase intervention, which is a trend variable taking values 1,2,3,…., starting in the 

period after the break. 

 

Estimation of the model parameters is carried out by maximum likelihood in the time 

 Empirical Results 

Results 

d analyses, local linear trend models with stochastic 

he test statistics show that the best specification is a local linear trend model with three 

domain. The filtered and smoothed values of the unobserved components are generated 

by the Kalman filter. The estimations are done with STAMP 6.02. (see Koopman, 

Harvey, Doornik and Shephard 2000). For most of the initial values the default settings 

of STAMP are used. 

 

4

4.1 Estimation and Test 

Starting from the above-mentione

level and slope for the IMF and the OECD time series are estimated. Primarily we 

calculated the models without cycles, then we introduced in a second step a 

trigonometric cycle with one, two and three sub-cycles. Summary statistics are outlined 

in Table 1 and Table 2. In addition, we tested two variants of seasonal specification 

(trigonometric versus dummy variables) in the case of the IMF series. 

 

T

sub-cycles1 (see Table 1 and Table 2). Since the results for the IMF series are similar 

for the two methods of seasonal adjustment, we display only the results for the model 

with three sub-cycles. Furthermore, we estimate models with fixed levels since this case 

of a smoothed trend plus cycle can often lead to a more attractive decomposition (see 

Koopman, Harvey, Doornik and Shephard 2000). The test results are robust. In the case 

of the OECD series, we prefer the smooth trend model to the local trend model (see 

Table 2). Since the residuals of the components (level, slope and irregular) don’t 



 10

indicate any outlier or structural break of the underlying time series, intervention 

dummies aren’t taken into account. 

Table 1: Summary Statistics for the Local Linear Trend Model of IMFWTV (log) 

IMFWTV (log) 

 logLik AIC  LB PEV SIC

Trigonometric season 

No cycle 704.46 24.89 0.00054 -7.44 -7.30 

1 Subcycle 710.88 -7.46 -7.28 14.74 0.00051 

2 Sub-cycles 710.93 -7.43 -7.19 14.42 0.00051 

3 Sub-cycles 714.28 -7.46 -7.18 11.35 0.00048 

Dummy variable season 

3 Sub-cycles 714.98 11.34 0.00048 -7.46 -7.18 

Smooth trend (dummy v  season)ariable  

3 Sub-cycles 714.9 1.34 0.00048 8 -7.47 -7.21 1

Note: logLik deno maximi lue of the likelihood function, AIC the Akaike tes the zed va
information criterion and SIC the Schwartz information criterion. LB stands for the Ljung-
Box-statistics with 18 lags and PEV for the prediction error variance. The estimation was 
calculated over the time-span from 1957:1 to 2005:3. 

 
he analyses of the three sub-cycles indicate for both time series one cycle with a cycle T

period of 2.6 resp. 2.7 years, a second with 4.3 resp. 4.7 years, and a third one with 8.9 

resp. 9.8 years (see Table A1 of the Appendix). Following the business cycle literature, 

the first cycle can be interpreted as a “Kitchin Cycle” (forty month cycle), which is also 

present in the inventory investment (see Langmantel 2005). The third cycle, of ca. 9 

years, shows the properties of a “Juglar Cycle”, with a period between seven and ten 

years. The long “Juglar Cycle” is quite deterministic for both time series, since the 

damping factor ρ  is converging to 1 (see Figure A1 and A2 of the Appendix). A matter 

                                                                                                                                
1 Except the Schwartz information criteria, which weights strongly the degrees of freedom, all test results 

prefer the specification with three cycles.  
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of particular interest is the second cycle, with a period of 4.3 resp. 4.7 years, which is 

stochastic. This kind of cycle is not usual in business cycle analyses. In respect to 

forecasting issues, the consideration of this “unknown” cycle improves the estimation 

results. 

Table 2: Summary Statistics for the Local Linear Trend Model of OECDWTV (log) 

OECDWTV (log) 

 logLik LB PEV AIC SIC 

No cycle 23.59 0.00014 531.03 -8.80 -8.71 

1 Sub-cycle 541.28 -8.94 -8.77 12.16 0.00012 

2 Sub-cycles 543.25 -8.92 -8.69 12.11 0.00011 

3 Sub-cycles 543.66 -8.88 -8.58 11.85 0.00011 

Smooth trend  

3 Sub-cycles 547.37 -9. 3 10.69 0.00010 01 -8.7

Note: Notation see  with the  data wa lated over the time-
from 1975:1 to 2005:2. 

he amplitudes of the three cycles for the IMF and the OECD series are listed in Table 

d (Approximately) 

Table 1. The estimation  OECD s calcu
span 

 

T

3. The amplitudes for the “Kitchin Cycle” are quite similar for both series with 1% resp. 

0.9% of the trend. The amplitude of the second cycle is nearly 0.5% of the trend for 

IMF series and 0.9% of the trend in the case of the OECD data. The long “Juglar Cycle” 

reveals the greatest amplitudes in both time series (see Table 3).  

Table 3: Amplitudes of the three Cycles in Percent of the Tren

 IMFWTV (log) OECDWTV (log) 

Cycle 1 (~ 2.7 years) 0.99 % 0.85 % 

Cycle 2 (~ 4.5 years) 0.54 % 0.85 % 

Cycle 3 (~ 9.3 years) 1.48 % 2.79 % 
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4.2 Forecasting Results 

 used for forecasting issues. In a first step we calculate post-

igure 3: Post-sample Prediction Analysis of IMFWTV (log) 

The estimation results are

sample forecasts from 2003:1 to 2005:2 resp. 2005:3 for the two time series and analyze 

predictive tests. In Figure 3 to 4 one step predictions are presented. The prediction 

intervals are set at two root mean square errors (RMSE). As seen in Figure 3 the actual 

values of the IMFWTV (log) are all in the prediction interval and the residuals proceed 

inside the bandwidth of two RMSE. In Table 4 the predictive “failure” test (“post-

sample Chow test”) and the cusum t-test for the two time series are outlined. Also the 

prediction tests for the OECDWTV forecasts are satisfactory (see Figure 4 and Table 4). 
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igure 4: Post-sample Prediction Analysis of OECDWTV (log) 
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Table 4: Predictive Tests for IMFWTV (log), OECDWTV (log) and OEFWTV(log) 

IMFWTV (log) OECDWTV (log) 

 
 
 

 

Failure Chi2(  11) test   

Cusum t(   11)      test  

9.848  [0.544] 

0.511  [0.692] 

11.785  [0.299] 

 1.066  [0.311] 

Failure Chi2(  10) test 

Cusum t(   10)      test 

 

 

 

Note: Probability value in square brackets. 

 

 the next step forecasts from the end of the data period 2005:2 resp. from 2005:3 to In

2010:4 are estimated. The forecasting of the univariate model is based on the 

information of the final state vector. The quarter-on-quarter annual growth rates from 

2000:1 to 2010:4 for the two time series are represented in Figure 5. As a comparison, 

the estimated projections of a global macro model (Oxford Economic Forecasting 
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Model, Nov. 2005), which serves for forecasting issues, are also outlined. The graph 

reveals that the forecasts proceed divergently for the different data basis. The estimated 

cyclical behavior of the UC models clearly drives the forecast results. The projections of 

the OEF Global Model are based on linear extrapolations with constant growth rates in 

the future. 

Figure 5: Forecasts of the Q-o-Q Annual Growth Rate of IMFWTV and 

OECDWTV with UC Models and OEFWTV with OEF Global Model 
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All series show a strong increase of world trade volume to the beginning of 2006. The 

IMF series marks a distinct upswing of the growth in world trade volume in the second 

and third quarter of 2006 with a recovery afterwards. The forecasts of the OECD data 

behave slightly differently. They show a smooth decrease of the q-o-q annual growth 

rates until 2007:2, whereas the average annual growth rate of 8.3% is clearly higher in 

2006 than the growth rate of the IMF series at 5.3%. In Table 5 the average annual 

growth rates from 2005 until 2010 for the series are listed.  
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Table 5: Forecasts for the Annual Growth Rates of IMFWTV, OECDWTV and of 

the OEF Global Model 

Period IMFWTV OECDWTV OEF-Global-Model 

2005 6.4 % 6.4 % 6.3 % 

2006 5.3 % 8.3 % 7.2 % 

2007 6.4 % 6.3 % 6.8 % 

2008 6.8 % 7.2 % 6.9 % 

2009 3.7 % 6.5 % 6.8 % 

2010 6.1 % 4.5 % 6.8 % 

 

The analysis reveals that all the measures of world trade volume show cyclical behavior. 

Both time series show a strong growth in the first quarter of 2006. The subsequent 

forecasting results and processes of the variables diverge distinctly. The projections are 

sensible in respect of the choice of the time series. 

 

5 Conclusion 

The study indicates that the method of structural time series model is useful for 

prognoses of world trade volume. The unobserved component model reveals that all 

measures of world trade volume display cyclical behavior. The analyses show that the 

process of the world trade volume is driven by the well-known fluctuations in form of 

the “Kitchin” and “Juglar Cycle”. Furthermore, there is one more cycle with a period 

between 4 and 5 years which improves the estimation results significantly. The 

information of the cyclical behavior of the time series is used for projections. A 

comparison with forecasting results of the OEF Global Model confirms the outcome of 

the unobserved component model. However, the long-term prognoses are sensible in 

respect of the underlying time series, which differ in the observation period, seasonal 

adjustment and calculation method. 
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Appendix A: Estimation Results 

Figure A1: Components of IMFWTV (log) 
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Figure A2: Components of OECDWTV (log) 
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Table A1: Estimation Results for the UC-Model of IMFWTV and OECDWTV 

 IMFWTV OECDWTV 

Irregular . εδ 0.0093 0.0000 

Level  ηδ 0.0000 0.0000 

Slope  ζδ 0.0014 0.0008 

Seasonal  ωδ 0.0008  

Cycle 1 
1ψδ  

1κδ  

1ρ  
c
1λ  

Years=  c
14/2 λπ

 
0.0078 

0.0000 

1.0000 

0.5988 

2.62 

 
0.0015 

0.0056 

0.9277 

0.5796 

2.71 

Cycle 2 
2ψδ  

2κδ  

2ρ  
c
2λ  

Years=  c
24/2 λπ

 
0.0301 

0.0117 

0.9218 

0.3651 

4.30 

 
0.0135 

0.0043 

0.9476 

0.3298 

4.76 

Cycle 3 
3ψδ  

3κδ  

3ρ  
c
3λ  

Years=  c
34/2 λπ

 
0.0121 

0.0000 

1.0000 

0.1774 

8.86 

 
0.0204 

0.0000 

1.0000 

0.1597 

9.84 

Sample 1957:1–2005:3 1975:1-2005:2 
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