

  logistics-07-00023




logistics-07-00023







Logistics 2023, 7(2), 23; doi:10.3390/logistics7020023




Article



Logistics Sector Turnover: Forecasting for Turkey, EU27 and EA19 under Effects of COVID-19



Dursun Balkan 1,*[image: Orcid] and Goknur Arzu Akyuz 2





1



Industrial Engineering Department, Faculty of Engineering, University of Turkish Aeronautical Association, Ankara 06790, Turkey






2



Logistics Management Department, Faculty of Management, University of Turkish Aeronautical Association, Ankara 06790, Turkey









*



Correspondence: dursunbalkan@gmail.com







Academic Editor: Robert Handfield



Received: 12 February 2023 / Revised: 23 March 2023 / Accepted: 29 March 2023 / Published: 7 April 2023



Abstract

:

Background: The logistics sector is the backbone of today’s global trade, and is vital for the continuity of goods and services. The sector is gaining increased importance as logistics operate under the extreme conditions the world is passing through (COVID-19, earthquakes, wars). Methods: A comparative study is offered for Turkey and the EU27 and EA19 countries utilizing Eurostat database time series data for logistics turnover, based on regression analysis with and without COVID-19-affected data. General trends are identified regarding the logistics turnover and average turnover by different transportation modes in Turkey. Linear, exponential, logarithmic and polynomial regressions are fitted to the dataset to find the best fit. Afterwards, forecasting is performed based on the polynomial equation, which is identified as the best fit. A similar approach is repeated for the EU27 and EA19 countries to put forward the trends and forecasts as well as a detailed comparative discussion among countries. Results: Our study reveals the dramatic effect of COVID-19 on the turnover of different logistics modes and the radical shift that Turkey experienced from land transportation towards air transportation. Conclusions: Our study provides forecasting and a comparative picture for the logistics sector, shows the growth trends with respect to different transportation modes and reveals the effects of the pandemic on the logistics sector for Turkey and the EU27 and EA19 countries.
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1. Introduction


In today’s global and networked world, logistics are the backbone of global trade [1] and lifeblood of supply network activities. Logistics activities are essential for the continuity of goods and services flows [2]; they are directly related to the reliability, overall quality and performance of the supply chains [3] and trade relationships between countries [4]. Logistics performance plays a vital role for developing countries to increase their share in global trade. It develops in parallel to globalization, and provides cost savings to companies seeking differentiation [3,4,5,6,7]. Logistics becomes the most important factor for globally competing companies to provide the products and services with correct quantities, timing and location at the right cost. With improvements in logistics, countries with high logistics performance exhibit larger international trade volumes, product variability and foreign capital investments. By having a vital impact on reducing costs and affecting customer satisfaction, logistics can be considered a significant strategic factor to gain a global competitive advantage [4,8,9] and fundamental for the global competitiveness, profitability and survival of an enterprise [10].



Formerly considered within the limited scope of transportation, logistics has assumed an increasingly integrated and strategic character with broadened scope [5,11,12], determining the survival of enterprises as well as supply networks. As such, enterprises must develop intimate relations with logistics providers, which appear as one of the vital sets of relations.



The sector gains an increasing share of the economy each year [13] and the demand for product transportation shows very strong empirical connection with economic growth [5,14]. Economies and international trade are heavily dependent on transportation logistics [1,15,16,17]. Within the globalization context, effective logistics systems are considered a key component of expanding exports, and powerful logistics infrastructures are supported to positively affect exports [18]. As such, logistics performance is a critical predictor for the economic growth of a country [19]. Logistics and transportation have a significant and positive effect on economic growth by disseminating trade, enabling infrastructure development and contributing to the increase in business investments. Hence, investments made in the transportation sector positively support economic growth, especially in countries with high trade volume. For example, one of the main reasons for the growth of Hong Kong and Singapore’s economies is the investments made in the transportation and logistics sectors [20].



Regulations, infrastructure, technology and integration are four crucial drivers for obtaining a competitive advantage in logistics [15]. Regional, geographical and country-based conditions affect the development of these conditions, resulting in significant variability in terms of the performance of the countries. Undoubtedly, the mode of transportation utilized (land, water, air, rail, pipeline) assumes a critical importance in logistics, each mode having its own characteristics, advantages and disadvantages [15,21,22,23]. Finding the correct hybrid of these modes within the concepts of intermodal and multimodal transportation determines the overall cost, lead time, effectiveness and efficiency of the activities [21,24,25]. The development of relevant infrastructure is vital in logistics performance. The quality of logistics infrastructure, number and network of intermodal facilities, number of logistics service providers, and availability of airports and seaports are undoubtedly key infrastructural factors for gaining an international competitive advantage.



COVID-19 affected multiple sectors and multiple aspects of human life. It radically shaped e-learning systems [26], affected tourism [27] and resulted in labor market dislocations [28]. With the pandemic, the logistics sector gained even more importance for the continuity of material and money flows. The pandemic resulted in changing logistics demands, transportation capacity restrictions and network disruptions, as well as a change in the service modes and cost structures [23,29]. It reduced supply availabilities and increased demands in essential goods [30]. The pandemic has negatively affected all dimensions, dynamics and modes of transportation [28,31]. Along with the pandemic, a boom was experienced in retail cargo transfers during lockdown periods which required deliveries of a variety of items to individual homes, with an unprecedented amplification in e-commerce [32,33]. Additional demands and challenging logistics and transportation requirements appeared regarding medical supplies (such as protective masks, disinfectants, medicine), blood demand [34] and food [35]. Sudden cold chain requirements happened due to vaccine transportation and distribution. The very recent and dramatically devastating earthquake in Turkey and Syria once again put forward the vital importance of logistics. Totally unexpected and dramatic logistics requirements can arise which have to be handled in a very short time for all sorts of supplies. In this context, logistics has become one of the most demanded and vital sectors during extreme conditions with an amplified importance.



This study is motivated by this increased importance of logistics under extreme conditions the world is passing through. The aim is to put forward trends and forecasts for Turkey, as well as the EU27 (twenty-seven European Union countries excluding UK) and EA19 (nineteen European countries using euro) countries, in a comparative manner to reveal the effects of the COVID-19 pandemic. Therefore, this article attempts to answer the following research question:




“How are the general trends and logistics sector turnover growth forecasts for Turkey, EU27 and EA19 countries compare and contrast under pandemic affect?”.





The article is of interest for logistics practitioners and researchers. By providing an overall sectoral perspective, this study also provides insight for policy- and decision-makers for their prioritization and investment efforts.



The section structure for the rest of the article is as follows: After offering the literature review in Section 2, the methodology is provided in Section 3. General trends for logistics sector turnover for Turkey are identified and discussed in Section 4. Section 5 provides analysis and evaluation, including forecasting based on regression for logistics sector turnover in Turkey (Section 5.1) and comparative trend analysis and forecasting against EU19 and EU27 countries (Section 5.2). Section 6 includes the discussion, and Section 7 provides a conclusion and further research suggestions.




2. Literature Review


In the literature review, a brief overview of the general trends shaping the logistics sector is first provided. Then, the leading countries in the sector are examined to provide a global perspective. Afterwards, the global positioning of Turkey in logistics is explored to provide the country-level view. Then, an overview of time-series-based approaches in relation to logistics under COVID-19 is provided.



This review section is organized into the following subsections:




	
Main trends in logistics;



	
Leading countries in logistics;



	
Global positioning of Turkey in logistics;



	
Time-series-based approaches in logistics under COVID-19.








2.1. Main Trends in Logistics


The main logistics trends in today’s technology-intensive business world can be briefly summarized as outsourcing of logistics activities; technological and IT-related developments in logistics; and the rise of logistics centers and villages.



Outsourcing the logistics activities to partners which have developed relevant core competencies has resulted in the establishment of long-term partnerships with logistics providers with different scopes of capabilities and roles within the overall supply network. Thus, the use of logistics providers became a commonly accepted part of doing business for economic benefits, survival and competitiveness [12,36,37,38,39,40], with a variety of drivers, motivations and benefits [12,41,42,43,44]. Logistics providers have started to assume increasing responsibilities in widening process scopes [38,43], and logistics is supported to be one of the most outsourced activities [45], with the concept of “logistics service level” assuming increasing importance.



Breakthrough developments in IT and the recent concepts of autonomous vehicles, drones, robotics, blockchains, cloud, Industry 4.0, IoT, big data, artificial intelligence, big data and analytics are undoubtedly major game-changers for the logistics sector, leading to the concepts of “smart logistics”, “logistics 4.0” and “collaborative logistics” [45,46,47,48]. These technologies are utilized along with the rather mature technologies of RFID, sensors and vehicle tracking systems. Leveraged and hybrid use of these innovative technologies provides logistics and supply chain partners with digitalization, automation and unprecedented degrees of online real-time visibility and connectivity, enabling collaboration across the network [49,50]. All transportation and logistics activities, including import/export and customs clearance, are tracked and traced transparently across partners. Hence, the management of logistics activities are becoming increasingly automated, integrated and traceable to provide overall supply chain transparency and cross-partner collaborations with real-time analytics.



With globalization and competition, use of logistics centers also assumed significant importance as one of the most critical policies to develop the trade potential and obtain more efficient logistics operations [51,52]. Logistics center applications are increasingly utilized in a number of countries ranging from the Far East to the US. In Europe, there are more than 60 logistics centers in Turkey, Denmark, Italy, Hungary, Spain, Greece, Ukraine, Portugal, France and Luxembourg [53]. With initial applications appearing as seaports and airports, these centers evolved to the point where all logistics-related activities are conducted with integrated transportation systems [54]. They are beneficial for providing more than one type of logistics activity, including transportation, smart warehousing, vehicle maintenance, distribution facilities and additional support services such as vehicle renting and parking [6].



In a similar direction, the concept of a logistics village is also becoming widespread in Europe. They refer to places where all logistics activities regarding national and international freight are executed and coordinated. The activities they provide include not only warehousing but also many others such as assembly, customization, distribution and reverse-logistics. Thus, logistics centers and villages ensure coordinated, planned, systematic and organized execution of all the logistics-related activities. Ten European countries—Greece, France, Germany, Spain, Italy, Denmark, Luxembourg, Portugal, Ukraine and Hungry—have a large number of operating logistics villages [51,55]. Logistics villages in France were one of the first applications; for example, Garanor in Paris and Sogaris. In Italy and Germany, the concept started in the 1970s. The idea, which originated in the USA, was adopted in Europe, its diffusion happening in the 1980s and 1990s; assimilation gained speed in France, Germany, Italy, Holland, Belgium and the UK [21,52,56].




2.2. Leading Countries in Logistics


When considered globally, the USA, England, Singapore, Japan, Germany, Holland, France and Sweden appear as the main countries that stand out in the logistics context; the USA and Europe have more than half of the logistics market [57]. Global companies such as DHL, UPS, BAX, Ryder System and Caterpillar Logistics are among the most important logistics provider companies conducting operations all across the globe [7]. Dubai and Hong Kong again gained momentum towards becoming main logistics bases, considered as part of the regions which will be significantly developed in the Asia-Pacific, Eastern Europe, Russia and the Middle East [57].



European countries forming a bridge between East and West, such as Bulgaria, Italy, Poland, Spain, Belgium and Germany own important logistics centers. Poznan in Poland, Zaragoza and Barcelona in Spain, Trieste in Italy, Varna in Bulgaria, Hamburg in Germany, Antwerp in Belgium and Rotterdam in Holland are the major examples. Amsterdam Schiphol Airport can be mentioned again as one of the most important airports for freight [45,57]. Logistics sector is experiencing a constant growth and Western-European countries (and Poland) are the leading countries.



Having DHL, Maersk, Schenker, TNT and Kuehne Nagel as important service providers, Germany is one of the most important logistics centers of Europe [7]. Logistics is among the top three sectors in Germany, having advanced transportation infrastructure and borders with nine European countries, sitting at the center of transportation networks, and having superiority in railway and highway networks when compared with other European countries [57].



Singapore, being one of the major countries for logistics, has the largest port and the most important logistics center of the world. Malesia and Thailand also have critical logistics centers. DHL, Schenker, Linfox, UPS, Nippon Express, TNT and Kuehne Nagel are the critical logistics companies in the region. Land way and inland waterway transportation is developing in China, whereas railways are distributed and slow. The main international logistics providers can be mentioned as DHL, TNT, FedEx and UPS [7].




2.3. Global Positioning of Turkey in Logistics


Due to its geographic importance at the intersection of three different continents and being at the epicenter of transport corridors connecting Europe to the Caucasus, Asia and Middle East [58], Turkey has significant geopolitical advantages which enable all transportation modes and shipments [21,57,59]. Undoubtedly, a strategic target is to make Turkey a global logistics base with its geopolitical position [57].



In Turkey, logistics is gaining more and more importance, with the share of transportation and warehousing activities in GDP steadily on the rise. Land transportation has the greatest share, followed by railway and pipeline [21,59]. The logistics sector is one of the key sectors given priority in Turkey, and the importance attributed to the sector is evident when considering investments [60]. At this point, investments made in air transportation infrastructure in recent years are worth highlighting [61]. The recently constructed İstanbul Airport is an example of the giant investments in this regard, further increasing the strategic importance of the city as one of the main global hubs. Logistics village infrastructure is also developing, and various logistics villages are being established. The first logistics village in Turkey was established starting in 2006; various logistics villages are established in different regions. Its maritime transportation as well as 3PL services in Turkey have potential for further development within the scope of transforming Turkey into a logistics hub [58].



Based on The World Bank International LPI (logistics performance index) calculated using the dimensions of customs, infrastructure, international shipments, logistics competence, tracking–tracing and timeliness, Turkeys’ position is provided in the below table.



Table 1 clearly shows a significant decline for Turkey’s position despite all the investments and priorities provided to the sector. It can be easily argued that Turkey is not using its full potential in the logistics sector. The following set of six radar charts provided in Figure 1 shows the position of Turkey in different sub-dimensions of LPI through years.



It can be observed that: (a) the timeliness dimension showed an increase from 2007 to 2012 and declined slightly until 2018; (b) the tracking and tracing dimension stayed roughly the same in the time interval of 2007–2018; (c) logistics competence again stayed roughly the same; (d) international shipments showed an increase from 2007 to 2010, then dropped to the level of 2007; (e) the infrastructure index showed a slight increase during 2007–2018; and (f) a radical drop is observed in the customs dimension.



Based on “production value by economic activities” in the Turkstat database, Table 2 shows the percent share of each transportation mode in logistics turnover for Turkey.



In Table 2, the first column shows a significant decrease in the share of land transportation and transport via pipelines from 57.58% to 44.72% within a 10-year period, and an increase in the share of air transport from 13.54% to 22.82% in the overall turnover. This supports the overall transformation of the logistics infrastructure and activities of Turkey from land transport to air transport.




2.4. Time-Series-Based Approaches in Logistics under COVID-19


Various studies in the literature indicate the multiplicity of methods and approaches used in relation to COVID-19 and logistics/supply chains, ranging from mixed integer modelling and simulation to stochastic approaches, petri-nets and bibliometric analysis [64,65,66,67,68].



As is important in all sectors, objectively analyzing the trends and making forecasts is vital in logistics and supply chains [69]. In this context, various time-series-based approaches are fundamental under “quantitative” forecasting techniques [69,70,71].



Time-series data are a sequence of vectors dependent on time (past data), utilized to make estimations [70]. Regression is a fundamental approach to assess the results of the changes of the independent variable on the dependent variable [72]; regression analysis can be further classified into univariate and multivariate regression, based on the number of variables involved [73].



Various forms of time series analysis and regression analysis are frequently used in relation to different aspects of transportation and logistics-related studies, such as transport mode choices, logistics performance and effects of digitalization [74,75,76,77,78,79]. SARIMA modelling is used to forecast the COVID-19 impact in container throughput in a maritime context [80]. Again, in the maritime context, the study in [81] provides time-series analysis conducted to reveal the performance of the car carrier shipping sector. A multivariate time-series deep learning model is used to forecast the blood demand during COVID-19 in [34]. In an air passenger transportation context, the air passenger load factor is forecasted in [31] using the variables of available seat kilometer, revenue passenger kilometer, passenger load factor, gross domestic products and domestic and international passenger numbers. The study in [75] uses univariate multilinear regression to find the potential number of passengers.



Consequently, regression based on the available time-series data is a frequently used method in the literature in the context of different logistics and transportation modes and aspects.



This study differs from the studies in the literature by providing a comparative and comprehensive picture of Turkey, EA19 and EU27 countries.





3. Methodology


3.1. Data Gathering/Dataset Description


In this paper, regression analysis is performed using the time-series data from the Eurostat database [82].



While obtaining the data, classification of economic activities is selected as “transportation and storage” with the NACE (Nomenclature of Economic Activities) Rev.2 code of “H”. The business trend indicator is selected as “total index of turnover”, with the unit of measure “index (2015 = 100)”. Monthly, seasonal and calendar-adjusted data are used for the time interval January 2009–January 2021, corresponding to a time series of 145 monthly data obtained for Turkey, EU27 and EA19 countries. The index of turnover is selected to be an indicator of the overall business value of the logistics sector and monetary contribution to the sector for the economy.




3.2. Methodological Flowchart


Using the above-described dataset, the approach provided in the following methodological flowchart (Figure 2) is used in the study.



General trends are identified regarding the turnover and average turnover by different transportation modes in Turkey. Afterwards, different regression equations (linear, exponential, logarithmic and polynomial) are fitted to the dataset to find the best fit for Turkey. Regression equations are determined for each case.



R2 values are used for evaluating the goodness of fit which is practically evaluated as a fit for values higher than 0.70 [83]. Afterwards, forecasting is performed based on the polynomial equation, which is identified to be the best fit. While deciding on the forecasting horizon, it is generally considered appropriate to use 20 percent of the total sample size [84,85]. For the dataset used, 20 percent of 145 periods is approximately 30 periods. Therefore, horizon is extended by 30 periods and forecasted values are determined until the end of July 2023 for Turkey. A similar approach is repeated for EU27 and EA19 countries to analyze the trends, make forecasts with polynomial regression and provide a comparative trend analysis. Predicted mean percent errors are calculated over the dataset for the forecast horizon.



To demonstrate the impact of COVID-19, all the above-mentioned regression cases are re-performed by including and excluding 11 periods of data starting from March 2020 to January 2021, during which COVID-19 conditions prevailed.





4. Logistics Sector Turnover in Turkey: General Trends


The plot in Figure 3 offers the turnover index against time period for transportation and storage turnover. This indicator is selected as the overall representation of the logistics sector in Turkey. This graph shows a steady rise during the period January 2009 to September 2016. For the interval October 2016 to January 2020, the graph shows again an increasing trend with a higher slope value. Starting with the 2020 data, a drastic drop in the turnover is observed until April 2020, after which a sudden recovery is observed. Apparently, this change in the pattern can be related with COVID-19.



Figure 4 shows the average turnover of transportation and storage, as well as its breakdown in terms of different transportation modes utilized (land, water, air, warehousing, postal). In this classification, the land mode covers “land transport and transport via pipelines”, warehousing includes “all warehousing and support activities for transportation”, and postal contains “postal and courier activities”.



Figure 4 indicates that different transportation modes exhibit similar trends up until January 2017 except for an extreme point of water transportation in January 2014. For the corresponding region from February 2017 to February 2020, the air transportation mode and warehousing activities exhibited a volume higher than the average. Starting from March 2020, a sudden drop is observed for all the modes, experienced more dramatically in air transportation. The graph clearly shows that warehousing activities exhibit an increase more than the average. This growth of warehousing activities started in February 2017, and continued to rise more than the average behavior of the other modes.



Due to pandemic effects, warehousing also experienced a sudden drop until May 2020 along with the other activities. After this period, a steep recovery that is above the average of the other modes is observed for warehousing. This can be explained by all the disruptions in material flows including raw material purchases, manufacturing processes and buildup of semi-finished and finished goods inventories due to pandemic-affected shrinking of economic activities. It is important to highlight that air transportation seems to be more negatively affected when compared to the other modes. Undoubtedly, air traffic shut downs due to pandemic are the main reason for this situation. While the other transportation modes were active, air transportation experienced closures in the initial days of the pandemic.



Before the pandemic, air and land transportation are above the average. However, it is observed that starting with 2021 this situation is reversed and they turned out to be below the sectoral average. Hence, pandemic conditions appeared to change the relative positioning of these modes on the graph. It is also worth mentioning that water transportation stayed above the average during pandemics.




5. Analysis and Evaluation


5.1. Logistics Sector Turnover in Turkey: Forecasting Based on Regression


This section offers the regression results for Turkey using total index of turnover as the dependent variable (y) in the “transportation and storage” sector, and monthly time periods as the independent variable (x). Figure 5, Figure 6, Figure 7 and Figure 8 offer the results for linear, exponential, logarithmic and polynomial cases, including and excluding the data corresponding to the COVID-19 effect. As described in the methodology, the forecast horizon is extended until July 2023. Best fit equations and R2 values for each case are provided on the figures.



These figures indicate that polynomial regression provided the best fit, with the highest R2 value obtained by the polynomial equation. R2 values calculated for both polynomial cases indicate a fit of more than 95%, which is a highly significant fit. Among the tested equations, logarithmic equation provided the lowest value of R2 and linear regression provided a better fit than the exponential equation, with R2 values of around 0.89 and 0.79, respectively. It is important to highlight that these results provide acceptable and meaningful fits. Hence, forecasting is based on the polynomial equations:


y = 0.0088x2 + 0.056x + 43.395 for the case including effects of COVID-19 (R2 = 0.9514)



(1)






y = 0.0105x2 − 0.1253x + 46.475 for the case excluding effects of COVID-19 (R2 = 0.964)



(2)







Figure 9 provides the comparative graph of actual logistics turnover and forecasted values with and without the effects of COVID-19 in Turkey.



Figure 9 clearly shows an exponential increase and a widening gap between with and without COVID-19 cases. Undoubtedly, this gap can decrease in time depending on the pandemic situations. In general, actual turnover curve lies in between two forecast curves. However, deviations are observed for the periods July 2016 and April 2020. This deviation is especially larger for April 2020, which directly corresponds to pandemic global closures in the world and Turkey alike.




5.2. Comparative Trend Analysis and Forecasting against EA19 and EU27 Countries


With the similar methodology, this section offers the regression analysis and forecasting models for EU27 (European Union—27 countries) and EA19 (Euro area—19 countries) based on the data from the same EUROSTAT database (European Union 2021). For both EA19 and EU27, polynomial regression provides the best results, in compatibility with the results of Turkey with slightly lower R2 results. Regressions applied for EA19 and EU27 countries lead to the following equations:



For EA19:


y = −0.006x2 + 0.2712x + 84.38 for the case including effects of COVID-19 (R2 = 0.6525)



(3)






y = 0.0013x2 + 0.0666x + 87.954 for the case excluding effects of COVID-19 (R2 = 0.9605)



(4)







For EU27:


y = −0.00003x2 + 0.28x + 80.794 for the case including effects of COVID-19 (R2 = 0.7659)



(5)






y = 0.0014x2 + 0.0895x + 84.191 for the case excluding effects of COVID-19 (R2 = 0.9774)



(6)







Figure 10 below provides the forecast with and without the effects of COVID-19 on the same graph, using again polynomial regression for EU27 countries.



Figure 10 shows that, for EU27 countries, the curve exhibits a steady behavior, and does not show an increasing trend as experienced in Turkey. This steady behavior continues up until February 2020, which corresponds to the initial periods of pandemics. Water transportation is quite differentiated from the average behavior, which is in contrast with the trend experienced in Turkey. Water transportation is generally above the average trend in Turkey whereas it generally stays below or at the average for EU27 countries. This shows the superiority of Turkey for water transport when compared with the EU27 average. While the dropdown due to COVID-19 exhibits a sharp character in Turkey, the dropdown is a much smoother concave curve for EU27 countries. So, this can represent a more sudden recovery for Turkey. Warehouse activities are also above the average behavior in EU27 countries for the same COVID-19-related reasons, as in the case of Turkey.



Figure 11 offers the comparative graph of actual logistics turnover and forecasted values with and without COVID-19 effects in EU27 countries. Drastic deviation in May 2020 is undoubtedly related to lockdowns and closures in EU27 countries. Until September 2019, actual values show minor positive and negative deviations around the forecast curve without effects of COVID-19. Starting with May 2020, the recovery effect can be observed in the graph.



In Figure 12, none of the modes stand out until the COVID-19-affected region in EA19 countries. This is in contrast with EU27 countries where water transportation is clearly differentiated. Just like the case of EU27 countries, air transportation experienced a sharper dropdown than the other modes experienced. When compared against Turkey’s graph in Figure 2, EA19 countries show a worse recovery than Turkey for air transportation as of September 2020.



Similar graph shown in Figure 13 is obtained for EA19 countries. When compared with Figure 10 for EU27 countries, larger deviations are observed around the forecasts. Effects of the dropdown due to COVID-19 appear to be more dramatic for May 2020. This means that the eight additional countries included in the calculations appear to have an overall smoothing effect.



Table 3 shows that the mean percent deviation for EU27 countries is the lowest. This is totally expected since percent deviations are smoothed across multiple countries. Due to the aggregation effect, the higher number of countries resulted in a lower mean percent deviation over thirty months. However, deviation magnitudes are much higher due to the aggregation of deviations coming from different country forecasts.



Percent growth rates and average monthly percent growth are provided in Table 4 across the analysis horizon for Turkey, as well as the EU27 and EA19 countries.



Table 4 shows that there is a dramatic difference among the growth rates of Turkey and the EU27 and EA19 countries. An overall percent growth of 535.84 percent is observed for Turkey, whereas this value is only 18.58 for EU27 countries and 13.62 for EA19 countries. This dramatic difference is the evidence for the sudden growth of logistics in Turkey. It seems that priorities and investments in this sector in Turkey have achieved returns.



For Turkey, the largest growth rate is in the warehousing activities, followed by postal and air, and the lowest percent appears in land transportation. Percent growth in warehousing also shows the biggest growth rate in the EU27 and EA19 countries. While European countries experienced a negative growth of around 53.86 percent for air transportation, Turkey experienced a 657.14 percent growth for the air transportation mode. This can be attributable to the radical investments made in the air transportation sector in Turkey, despite the serious dropdowns observed in the infrastructure index provided by the radar charts in Figure 1.





6. Discussion


In this study, the role and importance of the logistics sector for the economy is revealed. The logistics sector, having an important share within the service sector, significantly contributes to national as well as global economies by impacting investments, employment and GDP.



A broad perspective is provided for the world and Europe in the study. Afterwards, a detailed Turkey perspective is offered. Although Turkey is dropping down in the LPI index ranking (starting from rank 34 in 2007, dropping to rank 47 in 2018), significant growth is observed in the projections for the different transportation modes when compared with EU27 and EA19 countries.



Various regression models applied have shown that polynomial regression was the best fit with the highest R2 value. One of the main findings of the study is that COVID-19-related dropdowns are sharper for Turkey but show a more sudden recovery when compared with the Eurozone. In particular, the air transportation recovery of Turkey is better when compared with EU27 and EA19 countries. It is also observed that forecast deviations obtained out of the study are the lowest for EA27 countries.



By performing detailed regression analysis based on different regression models, the study revealed that logistics sector turnovers for Turkey, as well as the EU27 and EA19 countries, were affected negatively by COVID-19 pandemic. Figure 3 clearly shows the radical effect of COVID-19. Slowdowns experienced in different manufacturing sectors undoubtedly changed the logistics requirements, reducing the overall volume of business in the sector. Furthermore, all sources of mobility including of raw material, products, and people were restricted due to lockdowns. Hence, all these related pandemic conditions are reflected as sudden drops in the overall turnover of logistics activities.



During the analysis, significant differences are observed among the comparative growth rates of different transportation modes for Turkey and the EU27 and EA19 countries. Table 4 indicates that average monthly percent growth for the overall transportation and storage index is radically better for Turkey. In addition, the dominance of warehousing activities in all the countries stood out. This is more prominent for Turkey. The growth rate for the air transportation is again significantly higher in Turkey. Hence, the growth rates of Turkey—which are significantly higher than EU27 and EA19 countries—support the overall logistics potential of the country.



It is evident that infrastructural investments, especially in the air transportation, have started to show their impact. Together with the established air transportation network and huge investment made in the Istanbul Airport, radical developments in airway transportation have been achieved. This is evident in Table 2, showing the continuously increasing percent share of air transportation and changes to the dominance of land transportation. With all these long-term investments in the air transportation, Turkey is the biggest candidate for becoming one of the most critical logistics hubs connecting all the world. The rising importance of the airway logistics can also be supported by the Turkish Airlines, with revenues, profits and share values growing significantly. This improvement in airlines provides huge potential for the development of logistics centers/villages. In addition, previous IT-related investments in Turkey in terms of the Internet network infrastructure and production of autonomous vehicles provides Turkey with additional strength in the logistics sector.



It can easily be argued that very recent colossal devastation caused by the earthquake in Turkey will also have significant consequences and reflections in these trends. Dramatic highway and air traffic created during humanitarian logistics activities to meet sudden and extreme logistics requirements are still going on, and they will be reflected in these indices. Disruptions caused in the logistics network infrastructure (such as damages in the airport runways, highways, and vehicles) will require urgent recovery investments to be prioritized for the logistics sector in Turkey. Undoubtedly, this tragic earthquake will affect the Turkish economy negatively, requiring financial resources for recovering not only logistics but also every aspect of life (health, education, construction).




7. Conclusions and Further Research Suggestions


This study put forward a regression-based analysis to obtain a forecast for logistics turnover for Turkey and the EU27 and EA19 countries with and without effects of COVID-19. This study is valuable for:




	
Providing forecasting and a comparative picture for logistics sector in Turkey and the EU27 and EA19 countries;



	
Showing the growth trends with respect to different transportation modes for Turkey and the EU27 and EA19 countries;



	
Revealing the effects of pandemic on logistics sector for Turkey and the EU27 and EA19 countries.








The study has shown that strategic decisions of policy-makers and long-term investments made in the logistics sector can cause dramatic transformation across different transportation modes and turnover. Therefore, the authors believe that the trends and forecasts identified in this study can guide the policy-makers towards accelerating the recovery from the effects of the pandemic. In this regard, this study can also shed light on the long-term investments related to sectoral infrastructure.



Growth percentages identified can be especially useful for planning new infrastructural investments for the subsectors, determining various incentives and subventions and guiding local and foreign investors to find investment opportunities. Warehousing activities, which represent the largest growth potential for the countries, show significantly higher growth rates in Turkey. This can be utilized as a strategic advantage and can be a base of collaborative opportunities across the countries.



It is also important to highlight the significant growth rate of Turkey in air transportation, and its increasing share among all the transportation modes, along with the Istanbul Airport becoming a critical hub in the world. It is revealed that land transportation is still the dominant transportation mode in Turkey. This is an indication for the policy-makers that further strategies and policies are required to support other modes of transportation (railway and sea). In this regard, shifting from land transportation to other modes of transportation demands strategic collaboration and decisions among different players in the logistics and transportation sector (ministries along with all the partners from public and private sectors). Infrastructural investment, privatization policies for railways, subvention and support policies should consider the balance across different transportation modes.



New data available under pandemic conditions can definitely change the picture. Therefore, recovery patterns can be further analyzed with new time-series data. Different indicators other than turnover, such as production value of the sector, number of firms and number of workers in the sector and value added at factor costs can be used. Different time-series approaches can also be applied on logistics-related sectoral data. With a similar regression methodology, pairwise country comparisons can also be subjected to further research. Forecasting can also be performed for every transportation mode for Turkey, as well as the EU27 and EA19 countries. Various further studies can also be designed to reveal the effects of the earthquake on the logistics sector.
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Figure 1. Radar chart for performance index in multiple dimensions through years. Data Source: https://lpi.worldbank.org/international/scorecard/radar/254/C/TUR (accessed on 10 November 2022) [62]. 
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Figure 2. Methodological flowchart of the study. 
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Figure 3. Transportation and storage turnover index versus time period for Turkey. 
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Figure 4. Average turnover by different transportation modes in Turkey. 
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Figure 5. Transportation and storage turnover versus time including and excluding effects of COVID-19 (linear regression). 
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Figure 6. Transportation and storage turnover versus time including and excluding effects of COVID-19 (logarithmic regression). 
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Figure 7. Transportation and storage turnover versus time including and excluding effects of COVID-19 (polynomial regression). 
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Figure 8. Transportation and storage turnover versus time including and excluding effects of COVID-19 (exponential regression). 
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Figure 9. Comparative graph of actual logistics turnover and forecasted values with and without COVID-19 effect in Turkey. 
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Figure 10. Average turnover by different transportation modes in EU27. 
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Figure 11. Comparative graph of actual logistics turnover and forecasted values with and without effects of COVID-19 in EU27 countries. 






Figure 11. Comparative graph of actual logistics turnover and forecasted values with and without effects of COVID-19 in EU27 countries.



[image: Logistics 07 00023 g011]







[image: Logistics 07 00023 g012 550] 





Figure 12. Average turnover by different transportation modes in EA19 countries. 
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Figure 13. Comparative graph of actual logistics turnover and forecasted values with and without effects of COVID-19 in EA19 countries. 
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Table 1. Global Position of Turkey according to logistics performance index.
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	2007
	2010
	2012
	2014
	2016
	2018





	Turkey
	34
	39
	27
	30
	34
	47



	Number of Countries
	150
	155
	155
	160
	160
	160
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Table 2. Percent share of each transportation mode in logistics turnover for Turkey, 2009–2018. DataSource: https://data.tuik.gov.tr/Kategori/GetKategori?p=ticaret-ve-hizmet-115&dil=1 (accessed on 15 November 2022) [63].






Table 2. Percent share of each transportation mode in logistics turnover for Turkey, 2009–2018. DataSource: https://data.tuik.gov.tr/Kategori/GetKategori?p=ticaret-ve-hizmet-115&dil=1 (accessed on 15 November 2022) [63].





	
NACE Code

	
49

	
50

	
51

	
52

	
53




	
Division

	
Land Transport and Transport via Pipelines

	
Water Transport

	
Air Transport

	
Warehousing and Support Activities for Transportation

	
Postal and Courier Activities






	
2009

	
57.58%

	
6.28%

	
13.54%

	
18.01%

	
4.59%




	
2010

	
56.17%

	
6.58%

	
13.86%

	
18.98%

	
4.40%




	
2011

	
55.43%

	
6.44%

	
15.06%

	
18.88%

	
4.19%




	
2012

	
56.27%

	
5.90%

	
15.28%

	
18.33%

	
4.22%




	
2013

	
54.36%

	
5.33%

	
16.52%

	
19.49%

	
4.30%




	
2014

	
52.70%

	
5.25%

	
18.00%

	
19.94%

	
4.10%




	
2015

	
52.82%

	
4.87%

	
18.25%

	
20.01%

	
4.05%




	
2016

	
55.21%

	
4.60%

	
16.53%

	
19.55%

	
4.11%




	
2017

	
51.36%

	
4.77%

	
-

	
21.62%

	
-




	
2018

	
44.72%

	
5.59%

	
22.82%

	
23.18%

	
3.70%
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Table 3. Mean percent deviations of the forecasts over 30 months for Turkey, EA19, EU27.
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	Months
	Percent Deviation of Two Forecasts—TR
	Percent Deviation of Two Forecasts—EA19
	Percent Deviation of Two Forecasts—EU27





	February 2021
	17.13
	10.12
	8.06



	March 2021
	17.14
	10.36
	8.26



	April 2021
	17.14
	10.59
	8.46



	May 2021
	17.15
	10.83
	8.66



	June 2021
	17.15
	11.07
	8.86



	July 2021
	17.16
	11.31
	9.07



	August 2021
	17.17
	11.56
	9.27



	September 2021
	17.17
	11.80
	9.48



	October 2021
	17.18
	12.04
	9.68



	November 2021
	17.18
	12.29
	9.89



	December 2021
	17.19
	12.53
	10.10



	January 2022
	17.19
	12.78
	10.31



	February 2022
	17.20
	13.03
	10.51



	March 2022
	17.20
	13.28
	10.72



	April 2022
	17.20
	13.53
	10.93



	May 2022
	17.21
	13.78
	11.15



	June 2022
	17.21
	14.03
	11.36



	July 2022
	17.22
	14.28
	11.57



	August 2022
	17.22
	14.54
	11.78



	September 2022
	17.22
	14.79
	12.00



	October 2022
	17.23
	15.04
	12.21



	November 2022
	17.23
	15.30
	12.42



	December 2022
	17.23
	15.55
	12.64



	January 2023
	17.23
	15.81
	12.85



	February 2023
	17.24
	16.07
	13.07



	March 2023
	17.24
	16.33
	13.29



	April 2023
	17.24
	16.58
	13.50



	May 2023
	17.25
	16.84
	13.72



	June 2023
	17.25
	17.10
	13.94



	July 2023
	17.25
	17.36
	14.16



	Mean Percent Deviation

over 30 Months
	17.20
	13.68
	11.06
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Table 4. A comparison of growth percentages in Turkey and the EU27 and EA19 countries for different transportations modes.






Table 4. A comparison of growth percentages in Turkey and the EU27 and EA19 countries for different transportations modes.





	

	
Turkey

	
EU27

	
EA19




	
Percent Growth

	
Average Monthly Percent Growth

	
Percent Growth

	
Average Monthly Percent Growth

	
Percent Growth

	
Average Monthly Percent Growth






	
H

	
Transportation and storage

	
535.84

	
3.70

	
18.58

	
0.13

	
13.62

	
0.09




	
H49

	
Land

	
403.33

	
2.78

	
26.64

	
0.19

	
19.12

	
0.13




	
H50

	
Water

	
526.40

	
3.63

	
21.49

	
0.15

	
-

	
0.00




	
H51

	
Air

	
657.14

	
4.53

	
−53.86

	
−0.38

	
−53.68

	
−0.37




	
H52

	
Warehousing

	
1025.32

	
7.07

	
30.72

	
0.22

	
29.30

	
0.20




	
H53

	
Postal

	
693.14

	
4.78

	
9.06

	
0.06

	
-

	
0.00
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