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Statistical techniques based on Compositional Data (CoDa) are applied to investigate the

temporal evolution of the traffic share of the container throughput in a port system (Fig 1).

Figure 1. SpanishMed ports location and container throughput (in 1000 TEU) for

1985, 2000 and 2015. The container throughput ranges differs between 1985 and  

2000/2015. Identification letters of ports are as follows: ALA (Alacant/Alicante), 

BALG (Bahía de Algeciras or Algeciras Bay), BCA (Cadiz Bay), BALE (Balearic

Islands), BAR (Barcelona), CAR (Cartagena), CAS (Castelló/Castellón), MAL 

(Málaga), SEV (Sevilla), TAR (Tarragona), VAL (Valencia).

Figure 2. (upper) Evolution of the total 

container throughput at SpanishMed ports. 

(lower) Zoom of the lower range.

Table 1. Log-ratio variances of the traffic throughput. The 

smallest contribution to the new projections are shown in red 

(i.e. BALG, BAR, VAL).

ALA BALG BCA BALE BAR CAR CAS MAL SEV TAR VAL

ALA 0.3118 0.0845 0.1929 0.1574 0.0704 0.8944 1.4741 0.2517 0.6599 0.4319

BALG 0.4834 0.5896 0.0459 0.2061 0.7491 1.1071 0.3090 0.3143 0.0464

BCA 0.1257 0.2701 0.1415 1.3534 1.7592 0.3443 0.7319 0.6206

BALE 0.3654 0.2850 1.5438 2.3573 0.5096 0.9531 0.8289

BAR 0.0992 0.8242 1.1425 0.2397 0.3682 0.1025

CAR 0.9294 1.3667 0.1824 0.4081 0.2756

CAS 1.2603 1.0172 1.2241 0.7895

MAL 1.2675 1.5885 0.9064

SEV 0.5571 0.3822

TAR 0.2909

VAL

Figure 4. Clr-biplot. Colors represent the groups obtained from the hierarchical 

clustering process (n=4). The proportion of variability retained in this axis 

system is 69.58%.

Figure 5. Dendogram for the all SpanishMed ports. Colors show groups of the 

clustering analysis and are coherent with colors in the clr-biplot (Figure 4).

The data set consists in yearly container flow in Spanish Mediterranean ports (Fig 2 and

Table 1). A S-shaped curve is observed in the traffic evolution (Guerrero and Rodrigué,

2014): rapidly increasing since late 1970 and slow down in 2005. Consistent with the world

tendency to concentrate container traffic in a few ports, the traffic share evolution shows the

prevalence of three ports: Barcelona, Valencia and Algeciras Bay (Fig. 3). Actually, an equal

percentage of traffic share occurs between Valencia and Algeciras Bay, followed by a

certain distance by Barcelona Port (Fig 2).

The clr log-ratio transformation has been used to investigate variability

and similar patterns among the ports traffic share data.

The relationship between pairs of ports is provided by the variability matrix

(Table 1). The smallest contribution is represented among BALG, BAR,

VAL (red values in Table 1). This confirms the information provided by the

clr-biplot (Fig 4), where these ports are proportional (similar pattern) and

the contribution at variability is redundant.

CONCLUSION

The clr-biplot has allowed to explore the variability and determine ports with similar temporal

evolution pattern (Fig 4). The low alignment pattern of the rays (spreading of the variables in the

clr-biplot) indicate the relative low explanation of the new projection axis. This is confirmed with

the explained variance of the first two principal components which are 68% of the total variability.

Also, four ports show large rays forming a pole squared structure (BALE, TAR, CAS and MAL);

this is due its smaller size implies that their relative changes are larger. The alienation of the links

formed by BALG, BAR and VAL (the 3 big ports) indicate that these ports has a similar pattern.

CAS is characterized by a gentle increase of the traffic share after 2000 being the fourth port in

importance in total throughput and traffic share during 2015; this pattern is not followed by other

ports (CAS is a variable isolated in the first quadrant of the projection).

A hierarchical clustering and its dendogram (Fig 5) has allowed to

determine similarity of the Compositional Data among years. Clusters

correspond to different traffic evolution groups consistent with different

stages of the traffic evolution (see Fig 2 and Fig 3). For instance, the

prevalence of BALG and VAL (BCN slight traffic decay) is represented in

green.

Figure 3. Evolution of the traffic share at Barcelona, Valencia, 

Algeciras Bay and the other ports (in %).

The introduction of CoDa techniques to maritime transport and port management problems 

provides promising results, in particular for the analysis of container throughput in the 

SpanishMed port system. 


