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A Dynamical Model of Container Throughput of 
the North Adriatic Multiport Gateway Region

SUMMARY

The ports Rijeka, Koper, Trieste, Venice and Ravenna 
are ports of the North Adriatic multiport gateway 
region (NA). They have a good geographical location 
and modern container terminals, but this multiport 
gateway region has been facing lower rates of container 
throughput than the rest of the multiport gateway 
regions in  Europe. The paper aims at providing an 
overview of the dynamics of competition among the 

NA ports – Koper, Trieste, Venice, Ravenna, Rijeka – 
and at analysing the throughput in this ports in the last 
twenty years. Based on these numbers, a simple but 
efficient model to forecast the possibility of growth or 
fall of traffic in the next year has been found.
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1 INTRODUCTION 

The North Adriatic multiport gateway region 
(NA) consists of the ports of Ravenna, Venice, 
Trieste, Rijeka and Koper [1]. Due to their geo-
graphic proximity they share the same hinter-
land and a limited number of customers.  In 
this view they can be treated as a single port 
system although they are located in three dif-
ferent countries, with a different economic po-
tential and different development plans. 

In general, we can say that the NA ports 
have, with respect to potential markets (Swit-
zerland, Germany, Austria, Hungary, the Czech 
Republic, Slovakia), a good geographical loca-
tion and modern container terminals. However, 
this multiport gateway region has been facing a 
stagnation of the container throughput if we 
compare it with other multiport gateway re-
gions in Europe [1]. 

The purpose of this paper is to present some 
simple analytical methods which we have used 
to detect some internal connection among the 
ports in the North Adriatic. In particular, we 
shall present a market share analysis, shift-
share analysis and a simple Markov chain 
method to predict the behaviour of the NA 
port system with respect to the growth of or de-
crease in the container traffic.

2 Container Throughput 
Data in the North Adriatic 

Ports 

The starting points of the analysis are the 
data of the total container traffic in the NA 
ports in the period from 1990 to 2012. The data 
have been collected from the ports annual re-
ports and are shown as graphs in Figure 1. A 
quick regression analysis has shown that in 
these twenty-two years the total container traf-
fic increased almost exponentially, on an aver-
age between 6 % and 7 % per year, but the rate 
has varied among ports. 

It can be noticed from Figure 1 that an al-
most exponential growth has been realized by 
the ports of Koper and Venice, where the 
overall fastest throughput has been recorded 
at the port of Koper, at an average of 11 % 
per year, while at the port of Venice the 
growth has been approximately 7 % per year. 
The throughput in the rest of the ports has 
been more irregular. It can also be noticed 
that, at the port of Ravenna, the traffic has 
barely increased at all, while the minimum 
throughput has been realized and remained at 
the port of Rijeka. The port of Rijeka lost a 
great deal of traffic in the period from 1997 to 
about 2003, when the increase in the Rijeka’s 
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Figure 1 Evaluation of the container throughput for the NA ports in the 1990-2012 periods



E. Twrdy, M. Batista: A Dynamical Model of Container Throughput of the North Adriatic...

POMORSTVO • Scientific Journal of Maritime Research • 27/2(2013) • str./pp. 361-367	 363

container throughput  was more in line with 
that of Koper, Trieste, and Venice.

In the year 2008 and 2009, when the financial 
and economic crises started, the throughput in 
the North Adriatic ports decreased for about 
15  %, but in such a situation only the port of 
Venice still had a slow growth (5 %). The larg-
est drop in traffic was recorded in Trieste, a de-
crease of more than 58,000 TEUs (17.5  %), 
though by percentage Rijeka fared worse, de-
clining at the rate of 22.5  % (38,000 TEUs few-
er). 

3 Competition/Cooperation 
between the North 

Adriatic Ports

As NA ports operate in a much closed sys-
tem, they have to cooperate and compete 
among each other at the same time and a phe-
nomenon of co-opetition is a natural way for 
surviving.  Branderburger et al [2] defined co-
opetition as a mix of the verbs cooperation and 
competition. It is a synonym for the “win-win” 
strategy for ports which are very close one to 
another and have to cooperate, but at the same 
time are in competition for the market share. 

In what follows, we have defined the market 
share of a port in a particular year:

 iTEUs i N≡ =( )

1

1,...,i N

j
j

TEU
=
∑

	

(1.1)

where si is the market share of i-the port, N is 
the number of ports and TEUi is the containers 
throughput in TEU.  

In Figure 2, the dynamics of the market 
share for the NA ports in the last twenty-three 
years have been presented. There is a very in-
teresting situation between the ports of Venice 
and Trieste – they have almost mirrored shares 
and the same things may be observed if we 
compare the port of Koper and Ravenna. How-
ever, as opposed to the ports of Venice and Tri-
este, where when one port loses a container 
throughput the other one takes it over, the 
share of the  port of Koper has practically in-
creased over the years, while, in the same peri-
od of time, the share of the port of Ravenna 
has decreased. Over these years, the port of 
Ravenna lost its leading position in the contain-
er traffic and was forth-placed among the NA 
ports.  Unfortunately, it seems that the port out 
Rijeka is out of this ‘game’.
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Figure 2 The evaluation of the market share in the containers throughput for the North Adriatic ports 
(1990-2012)
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To enhance these observations we have used 
the HH index which is defined as [3]

 2

1

N

i
i

HH s
=

=∑
	

(1.1)

It can be seen that the reciprocal of the HH 
index measures the number of effective ports in 
the region. The evaluation of this index over 
the past two decades is shown on Figure 3.  As 
revealed in the graph, on an average, the port 
system acts as there have been only four ports 
involved. 

4 Shift-share Analysis

In this chapter, the shift-share analysis is pre-
sented according to the methodology proposed 
by Notteboom [4]. In essence, the shift-share 
analysis represents the analysis of the absolute 
growth of the container traffic (ABSGR), the 
share effect of the port (SHARE) and the total 
shift of the port (SHIFT) over the years. These 
quantities are defined as follows

ABSGRi = TEUi(t) – TEUi(t0)	 (1.2)
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SHIFTi = ABSGRi – SHAREi	 (1.4)

where index i stands for i-th port, TEUTOTAL(t) is 
the total port throughputs in the period t – t0, t 

is the current time (year) and t0 stands for the 
initial time (year). While ABSGR is a self evi-
dent variable, SHARE and SHIFT variables 
deserve a bit of explanation.  According to Not-
teboom [4] “share reflects the expected growth 
of container traffic as if it would simply main-
tain its market share” while “shift reflects the 
total number of containers a port has actually 
lost” i.e. the difference between the expected 
throughput and the actual  throughput.  In con-
trast with Notteboom, who has used a four-year 
period in his analysis of the European ports [1], 
we shall present the analysis of the NA ports 
competition dynamics in the course of one year 
using the SHIFT variable. 

On Figure 4, the evaluation of the shift of 
containers to the NA ports during the last 
twenty-three years has been presented. All 
graphs have shown a kind of an oscillatory be-
haviour out of which we can see a dynamic of 
the competition among ports for the container 
market. There are also several peeks that can 
be seen on the graphs. Thus, in 1998, the port 
of Rijeka suffered a relatively great shift of the 
expected containers to other ports, but the situ-
ation recovered in 2003 and 2007. Italian ports 
have shown an oscillatory shift of containers 
approximately ranged between ± 30.000 TEU. 
A bit different situation has been for the port 
of Koper where we can see that, for a very long 
period, namely from 1993 to 2011, the port 
didn’t lose any expected containers. However, 
it may be seen from the graphs that the shift 
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Figure 3 The evaluation of the reciprocal HH index for North Adriatic ports (1990-2012)
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Figure 4 Dynamic (one year) shift of containers in different NA ports over the 1991-2012 period of time

process has recently becomes a bit unstable. 
Namely, in 2012, the port of Ravenna accom-
modated more containers than ever in observed 
period, while, for the first time over a long pe-
riod of time, the port of Koper lost the expect-
ed number of containers.    

5 The Markov Chain Model 
of the Container 

Throughput 

The question now arises how to predict the 
behaviour of the container traffic in NA ports. 
We want to know, in particular, if the market 

will grow or will it fall in, for example, the next 
few years. The usual approach to answer such 
questions in terms of quantity is to analyse the 
data by sophisticated time series econometric 
methods. However, this paper will show use the 
Markov-chain model by which we will estimate 
transition probabilities between two possible 
states: the state when the total throughput is 
growing and the state when the total through-
put is falling. Thus the container traffic growth 
rate index  (CTR) can be defined as

( ) ( )1TOTAL i TOTAL i
i

TOTAL i

TEU t TEU t
CTR

TEU t
+ -

= ( ) 	
(1.2)



E. Twrdy, M. Batista: A Dynamical Model of Container Throughput of the North Adriatic...

366	 POMORSTVO • Scientific Journal of Maritime Research • 27/2(2013) • str./pp. 361-367

 

-20

-15

-10

-5

0

5

10

15

20

25

1990 1994 1998 2002 2006 2010

G
ro

w
th

 R
at

e 
In

de
x 

in
 %

Year

Figure 5 Container traffic growth index for NA ports in the 1991-2012 period of time

where TEUTOTAL(ti) stands for the total contain-
er throughput in a year ti. The evaluation of the 
index over the observed period is shown on Fig-
ure 5.

A particular state is now simply detected by 
comparing two successive values of the indices. 
If CTRi–1 < CTRi then the state at time i is the 
state of a traffic growth and when  
CTRi–1 > CTRi the state at time i is the state of a 
traffic fall.  Out of these graph, we can now 
count the number of transitions between the 
states:

•	 we have 5 transitions from the state of traffic 
growth to the state of traffic growth;

•	 we have 7 transitions from the state of traffic 
growth to the state of traffic fall;

•	 we have 6 transitions from the state of traffic 
fall to the state of traffic growth;

•	 we have 2 transitions from the state of traffic 
fall to the state of traffic fall. 

Hence it follows that the calculated probabil-
ity to remain in the state of the marked growth 
is 42 % and the one to transit to the state of the 
market fall is 58 %.  If we are in the state of the 
market fall then the probability is 25 % to stay 
in this state over the next year and 75 % refers 
to the probability to go back to the state of the 
market growth. The Markov chain model with 
these transition probabilities and the Markov 
chain model with the transition probabilities 
obtained from 1991 to 2002 are shown on Fig-
ure 6. With this model we can do some future 
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Figure 6 The Markov chain model for the growth or fall of the relative rate of the total container throughputs in 
the NA ports.
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assessments. For example, the probability that 
the market fall for two successive years is 
around 6 % and that the fall remains succes-
sively three years the probability is around 2 %. 
The probability that the market grows in the 
two successive years is about 18 % and about 
7 % if the market grows in the three successive 
years. It is obvious from this that the NA ports 
system will most probably oscillate between the 
two states every year.

6 Conclusions

The NA ports of the multiport gateway region 
of the North Adriatic have a very good location 
especially for containers arriving from the Far 
East and intended for the market of Central and 
South-East Europe. Even if these ports have 
modern container terminals, they are facing low-
er rates of container throughput than the rest of 
the multiport gateway regions in Europe. 

The market potential for the NA ports in the 
container market in 2030 appears to be ambi-

tious in terms of the absolute growth as it im-
plies +348 % traffic growth out of the year 
2010 as compared to the 73 % growth in the 
market as a whole and, in terms of the market 
share, growing from the current 4.3 % to reach 
11.3 % in 2030 [5]. Every port in the NA port 
region is trying to increase its throughput but 
not all are successful in doing so.

Co-opetition in this multiport gateway region 
is very much present as these ports share the 
same hinterland. It is also evident that the shift 
of the container throughput and of the market 
share is strongly emphasized between them. 

The paper has revealed a simple model that 
will be of great help to forecast the state of the 
NA ports for the next year. Among others, it is 
shown that the most probable state of the 
growth of throughput is annually alternating 
between grow and fall, while, with a relatively 
high probability, these ports will have a con-
tainer growth.  The authors are aware that 
more data should be available to build more re-
liable models.
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