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Scope of the document 

 
The development of society and the economy is closely linked to transport, and the significant 
development of society and the economy in recent decades has also led to the development of 
transport. At the same time, the increase in the volume of transport has a repercussion on 
society and the economy, with significant socio-economic-environmental effects, among 
which both positive and negative effects can be identified. Transport is largely responsible for 
emissions, the exploitation of non-renewable energy sources, and noise pollution. As a result, 
in parallel with growth, the principle of sustainable development is becoming more and more 
important in addition to economic aspects. According to the OECD definition, sustainable 
transport is a process that does not endanger the health of the population and ecosystems and 
meets transport needs by using renewable resources at a slower pace than the time needed 
to regenerate them, and non-renewable resources it is used more slowly than the production 
rate of the renewable sources that replace them. The sustainable development of transport 
means at the same time ensuring economic growth, meeting the growing needs of society, and 
striving to reduce the burden on the environment. 
 
Inland waterway transport can contribute to making transport more sustainable in many 
ways: in many cases, it is more economical, safer, and more environmentally friendly than 
road transport. The utilization of European and especially domestic waterways is currently 
low compared to their potential. There is significant potential in the transport of goods on the 
Danube, the size and share of inland freight transport could be significantly increased by 
improving the conditions of navigation. 
 
 
Output T3.3 of the Dionysus project includes Strategy & Recommendations for optimizing 
the waterborne transport of agricultural products in the Danube Region. 
To create recommendations for port transport improvement (which is an output of the 
activity), Case studies on waterborne transport of agricultural products models will be used. 
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1 Assessment of agricultural strategy and situation in the respective 

countries 
 

2.1 Agricultural changes in Hungary 

The coronavirus epidemic had no significant direct impact on agricultural emissions, but it 
was mainly affected by the drought at the beginning of the year, as well as frost damage and 
various animal diseases (avian influenza, swine fever). However, there were sales difficulties, 
mainly due to the decline in demand for animal products. 

According to preliminary data, agriculture accounted for 4.1% of the gross value added of the 
national economy, 4.3% of investments, and 4.6% of employment in 2020. The investment 
volume was lower than in the previous year. 

The production volume of the food industry as a whole exceeded the previous year, the 
restrictions introduced in the spring of 2020 only temporarily reduced production. In the food 
industry, 3.2% of employees worked in 2020, the proportion has not changed compared to 
the previous year. Investment in the food industry has increased compared to a year earlier. 

According to the preliminary data of the 2020 Agricultural Census, the number of farms has 
decreased by a third since 2010, while the average size of the cultivated area has increased. 
The average age of managers has increased, but so has the proportion of people with an 
agricultural degree. 

The combined foreign trade turnover of agriculture and the food industry increased in both 
directions in 2020 in almost both directions compared to a year earlier. In parallel with the 
growing turnover, the balance improved, the surplus amounted to HUF 991 billion. 

The volume of agricultural output in the European Union in 2020 was lower than in the 
previous year. Hungary accounted for 2.1% of output, with maize having the highest share of 
agricultural products. 

The amount of labor expenditure was 5.9% lower than in the previous year and corresponded 
to the full-time activity (1,800 hours per year) of 338 thousand people. With this, the declining 
trend of previous years continued. 

Producer prices increased by 7.4% compared to the previous year. Plant products became 
more expensive by 11% and animal and animal products by 1.2%. The prices of sunflowers, 
cereals, and fruits have risen significantly. 

More was harvested from corn, less from wheat, sunflower, and canola. The number of 
vegetables did not change overall, but significantly less fruit was grown. 
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The stock of hens, pigs, and cattle on 1 December was higher than a year earlier. 

In 2019, farmland prices continued to rise, but at a slower pace (5.4%). An average of HUF 1.6 
million had to be paid for one hectare of arable land. 
 
 
 

 

[1] 
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1.1.1 Components of transportation modelling examined 
 
 

 
 

 
 
Starting at the bottom of the cycle (Area Use), the locations of population and employment 
determine the origins and destinations of the transportation process in travel models 
(Activities). Modeling the transportation system allows calculating accessibilities, which 
describe how well accessible an area or destination (including industrial and agricultural 
ports) is to all other areas. Accessibility shapes water use, as both industrial personas and 
agricultural investors search for locations that are – among other location factors – accessible.  
 
 

1.2 Agricultural changes in Austria 

The Austrian Rural Development Program was officially adopted by the EU on December 12, 
2014. It outlines the country's priority spending on rural development during the next seven-
year period. With the increasing number of contracts for organic farming and other 
sustainable farming techniques, the Rural Development Program aims to boost the 
implementation of climate-friendly farming practices and improve the management of natural 
resources. Further measures include the establishment of farm structures and rural 
infrastructure. The Common Agricultural Policy's 2nd Pillar aims to promote the development 
of farm infrastructures and rural areas. The new RD Regulation 2014-2020 sets out a series of 
goals and targets for the next five years. These include addressing the environment, social and 
economic priorities. [1] 
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Austria's agricultural land area is almost 80% rural. The country's population is almost 10% 
in rural areas. This programming period will focus on improving the profitability of farms 
located in mountain areas. Improvement of these farms' living conditions will be among the 
challenges that the government will face. In Austria, regions with high greenhouse gas 
emissions are becoming more problematic. Rural depopulation is also an increasing problem 
in the country. [1] 

As part of the Austrian RDP, innovation is an integral part. Its cross-cutting objective enables 
the implementation of the environment and climate objectives and contributes to the creation 
of green jobs. In addition, there are measures to support organic farming in Austria. This is 
mainly due to the country's commitment to improving the management of soil and water 
quality and implementing more climate-friendly farming techniques. Transfer of knowledge 
between research and farming will be provided through the training of hundreds of thousands 
of participants. The links between the various sectors will be reinforced through 652 projects. 
[1] 

Austria has the highest proportion of organic agriculture in the EU. The latest RDP proposal 
only includes measures that prioritize the most vulnerable areas. Climate-friendly 
investments and energy efficiency are also included in this priority. The aim is that 80% of the 
agricultural area in South Africa will be under contracts with AECM, OF and ANC by 2030. 
Non-farm investments and changes in land use will also be supported. The environment will 
also be encouraged as long as they are sustainable and involve local development strategies. 
The primary focus of the Local Development Strategies is on the food processing industry, 
business start-ups and basic services. The goal of the RDP is to create jobs and improve living 
conditions in rural areas. Through a combination of measures, it will achieve this by creating 
490 new jobs expected to be created in the next year. [1] 

 

 

 

 

 

 

 

 

[1] Source: https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/rural-
development/country/austria_en  
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[2]Source: https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/rural-
development/country/austria_en 

https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/rural-development/country/austria_en
https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/rural-development/country/austria_en
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https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/rural-development/country/austria_en
https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/rural-development/country/austria_en


12 
           DIONYSUS – Strategy & Recommendation for optimizing the waterborne 

transport of agricultural products in the Danube Region 

 

 
 

 

Project co-funded by European Union Funds (ERDF, IPA, ENI) Work package T3 – INTEGRATED PORT DEVELOPMENT  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[2]Source: https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/rural-
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[3]Source: https://www.awe.gov.au/sites/default/files/documents/ag-2030.pdf / ISBN 978-1-76003-414-6  

[4]Source: https://www.awe.gov.au/sites/default/files/documents/ag-2030.pdf    

https://www.awe.gov.au/sites/default/files/documents/ag-2030.pdf%20/
https://www.awe.gov.au/sites/default/files/documents/ag-2030.pdf
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1.3 Agricultural changes in Slovakia 

 

The development of Slovak agriculture started in 1990, when it had to adapt to the conditions 
of the market economy. This process was carried out in order to adapt to the changes in the 
consumption habits of the population. The level of agricultural production has stabilized since 
the year 1995. In the years 2000 and 2003, due to the extremely dry weather, total production 
was affected by the economic situation and the natural disasters. In 2004, the unfavorable 
weather conditions were more favorable for farming. Due to the implementation of the EU's 
policies, we expect a profit in agriculture in 2004 of approximately SKK 2.9 billion. [5] 

The increasing competitiveness of agriculture will contribute to the growth of the other 
sectors of the Slovak economy. The employment in the agriculture, forestry, fishing and 
hunting industry decreased sharply over the years 2000 and 2003, and it represented 4.7% of 
the economically active population in 2003. This decline in employment has led to the growth 
in the labor productivity. The arable land declined in recent years. It was possible to observe 
a change in the form of meadows and pastures. [5] 

Arable land is used for cereals, industrial crops, and fodders. It accounts for 48% of the total 
production of cereals and 16% of the total production of industrial crops. The majority of land 
is used by these legal persons, while cooperatives cultivate it on a small percentage of it. The 
remaining land is used by independent farmers. The number of independent farmers has 
increased during the first years of the transition. However, the concentration of land used by 
these farms has remained the same. [5] 

Many people who had their lands taken away from them used this opportunity to establish 
their own farms. In total, these lands have been returned to their owners. As for re-grads 
altitude, the territory of Slovakia has a total area of 49 036 km2. During the height of 800 
meters, 14 % of the territory is at a height of 1,500 meters. For instance, the region of 
Hurbanovo in southern Slovakia has a long-term norm of 9.9 degrees Celsius with annual 
precipitation of 549 mm. In contrast, the region of the Orava in the north of the country has a 
long-term norm of 3.3 degrees Celsius with annual precipitation of 781 mm. [5] 

The lowest lying area of the Slovak Republic is limited by the amount of energy input and the 
water regime conditions. Higher-lying areas are connected to less fertile soil. The Eastern 
Carpathian zone can be considered an area with a high potential for production of various 
crops. It has a total area of arable land of about 51 percent. The most common soil type is 
saturated Eutric Cambisols. Other soil types are Fluvisols, Brown Earths, Dystric Cambisols, 
and Molic Fluvisols. [5] 

The variety of natural conditions that affect the production of potatoes and other crops in 
Slovakia is linked to the instability of harvesting seasons and the differences in the harvests 
between years and regions. The biggest difference between the last 20 years and the year-to-
year change was 48 %. The decisive crop is winter wheat, which is grown on an area of 350 to 
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660 thousand ha. The second crop, spring barley, is produced on an area of 200 thousand ha. 
The third most important crop in terms of area is maize, which accounts for approximately 
14% of the total crop area in Slovakia. The average size of this crop is about 780 ha. [5] 

The main oil crop grown in Slovakia is oilseed rape, which is grown on an area of about 100 
thousand ha. Other oil crops, such as soya, have developed and are mainly planted in 
Vchodoslovensk. In the case of sugar beet, the area has remained stable at 32 thousand ha 
over the last years. The area of potatoes has also decreased by a significant amount Peas are 
mainly represented by pods, while the bean type is also represented by beans. In terms of 
area, they are the main component of the crop. [5] 

Aside from the larger rivers, montane and mountain pastures are also used for the pasturing 
of cattle. Fruit-growing and hop-growing are not included in the area's plant production. In 
total, the area of the permanent covers of this field includes about 30 thousand ha of land, 
which is about 12% of the area of agricultural land. Viticulture is the most important aspect 
of this field, with about 18 thousand ha of vineyards. The best-known regions in Slovakia are 
the Small-Carpathians and the Hont regions. Also, fruit-growing is very important for the 
country's economy. [5] 

 

 

Animal breeding is an important aspect of the Slovak economy. It contributes to the country's 
gross agricultural production and is regarded as an important function of the Slovak culture. 
The history of beef cattle and sheep breeding in Slovakia dates back to the time when the 
country was a major player in the international market. The conditions for the production of 
these animals were mainly influenced by the biomass of grass. [5] 

Beef cattle and pigs are now becoming more economical breeds. This is mainly due to the 
increasing number of dairy cows. Although many farms are dominated by a few individuals, 
the number of animals bred on large farms is still dominant. In contrast, in the case of beef 
cattle, the majority of the animals are kept on farms with a concentration of fewer than 50 
heads. In contrast, in the case of pigs, about 35% of the animals are owned by individual 
farmers. [5] 

The restructuring of animal production took place during the years 1993 to 2003. This 
restructuring has resulted in a decrease in the total number of units of farm animals. After the 
year 1993, the efficiency of farm animal types gradually increased. Milk cow breeding is one 
of the fastest-growing sectors, where the average year-to-year increase is about 200 kg. The 
evolution of the beef cattle breeding program has been influenced by the introduction of 
Holsteinisation. This has resulted in a shift in the utility type of the milk cow. Crossbreeds with 
pedigree Holstein cows and those with Slovak piebald breed and their crossbreeds form the 
majority of the milk cow population. [5] 
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Currently, we have 29 000 nursing cows in our system, which are mainly crossbreeds of 
domestic breeds with specialized meat cattle. The sheep population is undergoing a major 
change in its utility focus, which is mainly on milk or meat production. White high-grade and 
landrace are the decisive traits of maternal breeds. The crossbreeding of these two breeds 
leads to the development of effective hybridization. [5] 

The development of organic agriculture in Slovakia began in 1991. The concept of ecological 
economy was also defined in this period. Over 30 farms have entered the system and are 
mainly agricultural cooperatives. After the conversion, 31 entities were permitted to label 
organic production as bio. This fundamental document established the basic direction of 
ecological farming in the Slovak Republic until the year 2010. It also adopted a set of measures 
aimed at its realization. [5] 

In 1998, the State of Organic Agriculture was established. The area of cultivated land within 
this framework is about 65 388 ha. There are 131 organic farms, of which 65 are registered, 
and 59 are in conversion. The highest density of organic farms is in the mountain and sub-
montane regions. [5] 

Cereals, and other vegetables are grown the most. The cultivation of aromatic plants and 
medicinal plants is also successful. A large part of the plant production is exported to other 
countries. In animal production, there are various sectors that focus on the breeding of goats 
and sheep, as well as the production of cheese and other dairy products. This is carried out in 
compliance with the EC Regulation 2092. [5] 

The Slovak food processing industry has always been dynamically developing. Its main 
objective was to improve its efficiency and competitiveness, while at the same time decreasing 
excess capacity. This industry is currently entirely in the private sphere. [5] 

Currently, the food processing industry employs around 41.1 thousand people in the SR. This 
industry contributes to the industrial production of the country at a level of 13 %. In 2003, the 
most significant increase was recorded in the investments in starch, meat, sugar-making and 
winemaking. Investments in the environment by the food processing industry rose 
significantly in the past year. The most notable increase was in the dairy, meat, and poultry 
industries. In 2003, the investment in the food processing industry was mainly carried out by 
domestic and foreign funds. The majority of these funds came from the own funds and 
domestic bank credits. The other funds came from the support of the SR. [5] 

This process involves assessing the safety and welfare of the various components of the food 
chain, from farm to fork. The Ministry of Agriculture carries out long-term monitoring of the 
food chain for the presence of harmful substances. This includes the retail chain and 
agricultural farms. It also performs other tasks related to the control of quality and health of 
the food. The control over the activities related to this field is organized by a control 
organization. The development of laboratory facilities of the resort secures the objectiveness 
and reliability of the results of the tests. The resort's goal is to safeguard the interests of 
consumers and prevent the harmful use of harmful foodstuffs. Food and fodder enterprises 
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are also responsible for the safety of their products. The operators of these establishments 
have been trained to follow proper hygiene procedures and traceability. [5] 

Quality Policy is an indicator of the quality of the product and its origin. It is also an asset for 
producers and consumers. Since 2001, the Ministry of Agriculture has been informing the 
entrepreneurial public about the various options that are available to them. Rural 
communities may still be preserved, as producers will be able to live in their own regions. 
Products with protected indications of origin or a specific geographic indication are 
guaranteed to be of high quality and have special conditions. [5] 

The Quality mark is a symbol that denotes the quality of a product that was produced 
according to the requirements of national and international regulations. The marking of 
agricultural products and foodstuffs is carried out according to the procedures laid out by 
foodstuff control bodies. In Slovakia, the rural region is defined as an administrative unit that 
is composed of several rural villages and towns with a population density of less than 110 
inhabitants per km2. The criteria for classification of rural settlements and urban settlements 
are based on the population density per km2 and the boundary of 150 inhabitants. 
Significantly rural regions have a higher share of rural dwellers than urban dwellers. [5] 

The basic objective of this document is to ensure that the rural population has a standard of 
living and adequate job opportunities. This can be achieved through the various economic 
activities that are aimed at developing a healthy environment and sustaining a productive and 
resilient rural population. The basis for the development of the strategy for rural development 
was the Agricultural and Rural Development Plan, which was presented in the Pre-Accession 
ProgramME. Improvement in the agricultural production sector, which includes the food-
processing industry. Diversification of rural areas for investments that are not generating 
substantial revenue. Over-funded projects are referred to the SR through the National 
Development Plan, which was adopted in 2004. [5] 

The global objective is to ensure that the Slovak Republic achieves a level of gross domestic 
product (GDP) growth that is at least 50% of the average level in the EU member states by the 
year 2006. The Slovak Republic's priority is the implementation of the Sectoral Operational 
Program for the Improvement of the Quality of Life of the Rural Population. The SOPA-RD is a 
programming document that draws funds from the EAGGF and FIFG guidance sections. It is 
aimed at supporting the development of rural areas in the whole Slovak Republic. Investments 
in agriculture and forestry support rural development. Improvement of processing and 
marketing of farm products is also promoted. Supporting the adaptation and growth of rural 
areas. [5] 

The Slovak Republic's Rural Development Plan (RDP) was drafted in 2004-2006. It is a 
programming document that outlines the country's rural development goals and measures for 
implementation of these goals. The plan is carried out according with the geographical 
allocation and its main objective is to improve the efficiency of the rural population. The wood 
matter distribution in Slovak forests is closely linked to the territory's macro-relief. The 
eastern and western lowlands are wooded with broadleaved trees, while the central and 
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northern regions are dominated by coniferous trees. The requirements for a variety of forests 
and a steady supply of wood matter are promoted in order to maintain the ecological stability 
of the forests. Nine national parks have been established in Slovakia. These parks encompass 
the territory of the country: TANAP, Pieninsk NP, Nzke Tatry NP, Slovensk raj NP, NP Mal 
Fatra, and Slovensk kras. This process is promoted through the use of more natural methods, 
which include the use of mixed stands and selective economic methods. Protection of young 
forest stands, forest restoration, and the clearing of forests are some of the activities that are 
carried out during the cultivation of forests. [5] 

The protection of young forest stands is an important aspect of cultivation activity. This area 
was protected in the year 2003 with measures designed to prevent weeds and protect the 
cultures. Monitoring of stand hygiene is a permanent preventive measure that can be carried 
out in juvenescent and mature stands. It includes the processing of dying and dead trees. The 
amount of timber logged in the forests of the SR has significantly fluctuated since 1980. In 
1980, it reached a level of more than 5.8 mil m3. In the following years, the amount steadily 
increased. Cultivation of forests is managed by a number of state-owned companies and 
institutions, which are mainly responsible for the management of forests. There are also 
forests owned by individuals and cooperatives, which are managed by state-owned 
companies or institutions. There are more than 1778 hunting grounds in Slovakia. The 
hunting grounds are divided into 16 categories: independent game reserves, 14 peasantries, 
and 3 fallow deer. The spring stocks of these game species have increased in comparison with 
the previous years. The reintroduction of the bison to Slovakia is considered one of the most 
important achievements in the field of animal protection. In 1957, a breeding game preserve 
was established near Topoianky. This animal is currently protected by law. [5] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

[5]Source: https://www.mpsr.sk/en/index.php?navID=30 

https://www.mpsr.sk/en/index.php?navID=30
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1.4 Agricultural changes in Croatia 

Croatia has about 1.3 million hectares of agricultural land. The country is self-sufficient in 
most of its agricultural products. 

Although agriculture only contributes 4 percent to the country's gross domestic product, its 
importance is higher than its share indicates. In order to sustain its growth, Croatia's 
government should focus on restructuring policies. According to the Land Registry, only 63.1 
percent of all farms in Croatia have fewer than three hectares of land. The average commercial 
farm size is about 8.5 hectares. The value of agricultural products imports from the US was 
just over $22 million in 2018. Most of these products are used for animal feed and various 
other purposes. [6] 

The Croatian market for food products imported from European suppliers is dominated by 
European companies. The high-value food items segment is the largest contributor to the 
market. [6] [7] 
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[18]Source: Bachev, H. 2010. Governance of Agrarian Sustainability. Nova Science Publishers, ISBN: 1608768880, 
9781608768882, 116 pp.  
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In 2008, Croatia's total imports of Consumer Food were valued at over $2 billion. The steady 
growth in the number of supermarkets and the increasing demand for food in urban areas 
have helped boost the country's consumer food industry. The value of US' fruits and 
vegetables exports to Croatia in 2018 was only valued at $0.7 million due to lower prices 
offered by other suppliers. These products are not registered as imports in the US. Due to its 
lack of self-sufficient fruit production, Croatia is prone to importing exotic fruits. In 2018, its 
pork imports reached $258 million. [6] [7] [8] 

 

Although the ban on hormone-treated beef has been in place since 2008, imports from the US 
have still grown significantly. This is expected to change as the country adopts EU standards 
in 2019. Although the country does not have a domestic pet food industry, it imports a large 
portion of its consumption. This is an indicator of potential sales opportunities for US-made 
products in Croatia. Premium pet food is a good opportunity for US exporters. In 2018, over 
$35 million worth of wine was imported from Croatia. Wine regions in Zagreb offer great 
opportunities for US winemakers. [9] 

Croatia imported tree nuts worth $35 million, which included $6 million from the US. Its 
demand for these products is still strong due to its domestic production. Croatia's annual fish 
and seafood imports are valued at over $155 million. The country mainly imports fish and 
seafood from Spain and Italy. The price and credit availability are the key factors that 
determine the sourcing of soybeans. Currently, only GMO-free beans are acceptable for human 
consumption in Croatia. [9] 

The demand for food products such as vegetables and fish will continue to rise in Croatia. Its 
standard of living is also improving, and it is becoming a more tourist destination. This will 
help boost the country's fish breeding industry. [10] 
 
 
 
 
 
 
 
 
 
 
 
 
 
[6]Source: https://hr.usembassy.gov/embassy/zagreb/sections-offices/ 
[7]Source: https://www.privacyshield.gov/article?id=Croatia-Agricultural-Sector 
[8]Source: https://www.mps.hr 
[9]Source: http://www.zdravlje.hr 
[10]Source: http://www.zv.hr/en 

http://www.zv.hr/en
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1.5 Agricultural changes in Serbia 

 

Over the past decade, various policy frameworks and implementation mechanisms were 
changed. Despite this, the agricultural policy of Serbia has made significant progress. [11] 

The most important step in the implementation of the policy reforms was the start of the 
negotiations on Serbia's EU accession. This process accelerated the institutional and policy 
reforms. The agricultural policy is also regulated through the various documents that have 
been adopted and established since 2013. The strategic framework for agriculture and rural 
development was adopted in 2014. This framework provides a more stable and transparent 
framework for implementing policies. The biggest threat to the implementation of the strategy 
is the absence of a medium-term programming document and unstable system of financing. 
[11] 

This paper aims to analyze the various documents related to the agricultural policy 
framework in the country and to determine the measures that will be implemented in the 
future. It also reviews the various budgetary transfers and funds in the recent years and 
highlights the changes in the eligibility criteria for various commodities. The main objective 
of this study was to analyze the various legislative acts and the various policies and programs 
that were implemented in Serbia in 2005. The data on the measures and the policy pillars 
were collected through the Agriculture Policy Module (APM) classification scheme. [12] 

 

The rapid pace of EU integration has produced numerous policy and institutional changes in 
Serbia. This process has contributed to the improvement of Serbian agriculture's 
performance. The Serbian government has updated the agricultural policy framework and 
introduced a new model of implementing it. This document is based on the two main 
legislative acts that were adopted in 2010. The Law on Agriculture and Rural Development 
was adopted in 2014. It regulates the various aspects of implementing the policy framework 
but does not deal with the establishment and adoption of the policy frame. [12] 

The 2014 strategy for agriculture and rural Development was adopted. However, the program 
for rural development has not been implemented. The Law on rural development and 
agriculture was replaced with a new legislation that aims to promote rural development and 
farming. Instead of a multi-year program, the implementation of agricultural policies is 
carried out on the basis of annual regulations and support measures are also implemented on 
the basis of rules and regulations. The number of incentives that can be allocated for the 
production of milk depends on the quality of the milk and the quantity of milk that is produced 
per cow during the lactation period. [13] 

The absence of a comprehensive evaluation and monitoring system on agricultural policies 
can prevent the effectiveness of government programs. This is one of the weakest links that 
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impedes the implementation of agricultural policies. The budget expenditures to support 
agriculture in 2010 to 2015 varied from 2010 to 2014. The share of agriculture in the total 
budget remained below 5%. Throughout the 2010-2015 period, the share of agriculture in the 
overall budget was lower than the GVA's contribution. This shows that the country is on 
average among developing nations. [14] 

The total budget transfers to agriculture in 2015 decreased by 33% compared to the previous 
year, with most of the cuts being made for direct producer support measures. The increase in 
funding for rural development support was mainly caused by the increase in the number of 
on-farm investments in competitiveness. [15] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[18]Source: Bachev, H. 2010. Governance of Agrarian Sustainability. Nova Science Publishers, ISBN: 1608768880, 
9781608768882, 116 pp.  
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Most of the first pillar funds go towards direct producer support measures. In 2015, the funds 
allocated for these measures decreased compared to 2014. [15] [16] 
 

 
 
 
 

The reduction in the budget for rural development and agriculture is the result of the decline 
in the area covered by the direct payment. The direct payments per animal head are 
implemented in 2010 and 2011. They are also applicable to the following types of animals: 
breeding animals (sheep and goats, pigs and cows), fattening animals (cattle and pigs), and 
various types of parental poultry. The main trend in the amount of input subsidies was the 
concentration of support on mineral fertilizers and diesel fuel. In 2015, the maximum amount 
of support per hectare was lowered. [16] 

Direct support between the producer and the government for variable inputs has been 
reduced to a maximum of 100 EUR/ha for areas up to 20 ha. This level was reduced to 50 
EUR/ha in 2015 for areas over 20 ha. Aside from the fuel and mineral fertilizers, various 
insurance subsidies were also implemented during the period. In 2015, the Law on incentives 
did not apply. The implementation of agricultural policies has been more consistent in the past 
due to the establishment of a legal framework. However, the implementation of various 
measures has been slow and lacks transparency. Some of the measures that were envisaged 
by the Law on Incentives in Agriculture and Rural Development have not been funded. [16] 
[17] 

The main flaw of Serbia's agricultural policy is the unstable and unpredictable budget 
framework. This policy mechanism distributes the funds allocated for various support 
measures based on the needs of the whole economy instead of on a predetermined formula. 
This method leads to a lower percentage of realized funds on an annual basis. The analysis of 
direct support payments confirmed the existence of policy deficits due to the lack of a 
monitoring system and benchmarks. The existing system is sufficient to ensure the continuity 
of support envisaged in the Law on incentives. [16] [17] 
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Non-compliance of various regulatory and agricultural policies can result in the government 
resorting to other instruments beyond the provisions of the Law. In response to the failure of 
the market, the government resorted to various measures beyond the law. Serbia has made 
some progress in optimizing its programs and administrative structures, but there is still a 
need for more effective implementation of these policies. [16] [17] 

The annual budget and the multi-annual program are not defined. The policy-making process 
remains unclear and lacks a standardized evaluation system. The budget and the annual 
regulations are not defined, and the financial envelopes are not. Various legal instruments and 
solutions were also used to overcome these limitations. The reforms of the agricultural policy 
and institutional structures are on the agenda of the Serbian Ministry of agriculture for years. 
Despite the commitment to these changes, the accreditation of the Paying Agency for the 
IPARD funds is not yet completed, which means that the funds will not be distributed within 
the stipulated time frame. [16] [17] 

 

 

 

 

[11] Source: APM Database - Serbia (2016). Agricultural Policy Measures Database compiled for Serbia under the 
SWG Projects (unpublished data).  

[12] Source: Bogdanov, N. and Papić, R. (2016). Agricultural statistics database compiled for Serbia under the 
SWG Projects. Available at: http://app.seerural.org/agricultural-statistics/.  

[13] Source: Bogdanov, N. (2016). Serbia: Agricultural Policy Brief in: Tina Volk et al. (ed.), Analysis of the 
agricultural and rural development policies of the Western Balkan countries. JRC Technical Report EUR 27898, 
Joint Research Centre, European Commission, Pp: 108-127.  

[14] Source: Bogdanov, N. and Rodić, V. (2014). Agriculture and agricultural policy in Serbia, in Volk et al. (ed.) 
(2014), Agricultural Policy and European Integration in Southeastern Europe, FAO, Budapest, Pp 153–166  

[15] Source: Bogdanov, N. and Božić, D. (2010). Review of agriculture and agricultural policy in Serbia, in Volk T. 
(ed.) (2010), Agriculture in the Western Balkan Countries, IAMO, Studies on the agricultural and food sector in 
Central and Eastern Europe, Halle, Pp 189–217  

[16] Source: Bogdanov, N., Stevović, M. and R. Papić (2016). Agricultural policy of Serbia – challenges and current 
solution, in Stojanovic, Bogdanov, Sevarlic (ed.) (2016) Status and perspectives of agribusiness and rural areas in 
Serbia, NDES, Faculty of Economy University of Belgrade, Pp 114-136  

[17] Source: Rednak et al. (2013). A tool for uniform classification and analysis of budgetary support to 
agriculture for the EU accession countries. Agricultural Economic Review, Vol. 14, Pp 76–96  
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1.6 Agricultural changes in Bulgaria 

 

Despite the large academic and practical importance of the topic, empirical studies on the role 
of governing structures in agriculture have been scarce in East Europe. This chapter presents 
an interdisciplinary framework for studying the impact of various forms of governance on the 
sustainability of agriculture. The main factors that affect the profitability and social, ecological, 
and managerial aspects of Bulgarian farms are analyzed. The study aims to identify the 
dominant modes governing various types of farms in the country. [18] [19] [20] [21] 

Different kinds of agricultural producers have different characteristics and different modes of 
governance. They operate in different ways and different markets. Some of these include 
private, collective, and hybrid modes. Research on the relations between the governing 
structures and agrarian sustainability is ongoing. This field of study aims to analyze the 
various governing modes that are used by farms in different types of operation. [18] [19] [20] 
[21] 

The goals of sustainable development are often achieved by the different systems of 
governance in different countries. For instance, the development of the agrarian sector is 
considered one of the most important factors in Bulgaria's overall development. Although 
there are few empirical studies on the impact of dominant governing structures in agriculture 
on the sustainability of the food supply in Bulgaria, this paper argues that the various modes 
of governance in the country have an impact on the sustainability of the agricultural sector. 
[18] [19] [20] [21] 

The main findings of this study reveal the various governing modes of Bulgarian farms and 
their impacts on the environment and agrarian sustainability. The goal of this study was to 
identify the various links between the various governing forms utilized by Bulgarian farms 
and the country's level of agrarian sustainability. [22] [23]  

This study focused on the various aspects of the operations of different kinds of agricultural 
producers in different locations and sizes. It found that the varying characteristics of these 
producers affected the level of their agrarian sustainability. The study also revealed that the 
various factors that contribute to the improvement of agrarian governance can be categorized 
as individual factors and modes. Various factors such as soil conditions, climate, and 
institutional environment can affect the behavior and sustainability of agents. This is 
therefore important to analyze and develop strategies that can help minimize these impacts. 
The complexity of the system of governance and its effects on the various aspects of agrarian 
sustainability are some of the factors that are studied in order to develop effective 
assessments and studies on these issues. [24] [25] [26] [27] 
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This paper aims to provide a comprehensive analysis of the various facets of the agrarian 
governance system and its relation to the sustainable development. It also reviews the various 
modes of governance at higher levels and their impacts on the system's overall sustainability. 
The goal is to improve the precision of estimates and the consistency of data collected by farm 
managers regarding the activities of non-farming agents. This can be done through the 
participation of various interested parties, including the farm managers, academicians, and 
local and central authorities. [24] [25] [26] [27] 

 

 
 
 
 
 
 
 
 
[18]Source: Bachev, H. 2010. Governance of Agrarian Sustainability. Nova Science Publishers, ISBN: 1608768880, 
9781608768882, 116 pp.  

[19]Source: Bachev, H. 2010. Management of Farm Contracts and Competitiveness. VDM Verlag Dr. Muller. ISBN-
10: 3639301552, 176 pp.  

[20]Source: Bachev, H. 2016. Defining and Assessing the Governance of Agrarian Sustainability. Journal of 
Advanced Research in Law and Economics, Volume VII, 4(18): 797-816. DOI: 10.14505/jarle.v7.4(18).12  

[21]Source: Bachev, H., Ivanov, B., Toteva, D., Sokolova, E. 2016. Agrarian Sustainability and its Governance – 
Understanding, Evaluation, Improvement. Journal of Environmental Management and Tourism, Volume VII, 4(16): 
639-663. DOI: https://doi.org/10.14505//jemt.v7.4(16).11  

[22]Source: Furuboth, E.G., and Richter, R. 1998. Institutions and Economic Theory: The Contribution of the New 
[6]  Georgiev, M. 2010. “Rent Seeking" in Agricultural Contracts in the Country. Trakia Journal of Sciences. 8(3): 
230-233.  

[23]Source: North, D.C. 1990. Institutions, Institutional Change and Economic Performance. Cambridge University 
Press, ISBN: 0521397340, 9780521397346, 152 pp.  

[24]Source: Raman, S. 2006. Agricultural Sustainability. Principles, Processes and Prospect. The Haworth Press 
Inc. New York, ISBN-13: 978-1-56022-310-8, 475 pp.  

[25]Source: Sauvenier, X., Valekx, J., Van Cauwenbergh, N., Bachev, H. et al. 2005. Framework for Assessing 
Sustainability Levels in Belgium Agricultural Systems – SAFE. Belgium Science Policy, Brussels, 23 pp., Available at: 
https://www.belspo.be/belspo/organisation/Publ/pub_ostc/CPgen/rappCP28leaflet_en.pdf  

[26]Source: Terziev, D., Radeva, D. 2016. Studying the New Agriculture. 2nd International Conference on 
Development and Economics (I.CO.D. ECON). Thessaloniki, Greece,  

[27]Source: Williamson, O.E. 1996. The Mechanisms of Governance. Oxford University Press. ISBN: 0199879567, 
9780199879564, 448 pp.  
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[28]  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[28] Source: https://ec.europa.eu/info/sites/default/files/food-farming-fisheries/key_policies/documents/rdp-
factsheet-romania_en.pd 

https://ec.europa.eu/info/sites/default/files/food-farming-fisheries/key_policies/documents/rdp-factsheet-romania_en.pd
https://ec.europa.eu/info/sites/default/files/food-farming-fisheries/key_policies/documents/rdp-factsheet-romania_en.pd
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This paragraph aims to analyze the various forms of governance that are integral to the 
management of agrarian sustainability. It is done for the study of the system and its various 
aspects. The analysis involves the study of economic, social, and ecological factors. These are 
governance frameworks that are focused on addressing the various aspects of ecological and 
economic sustainability. They are characterized by several key components, such as the 
management of water, air, soil, and climate. [28] 

A particular mode or process should only be assessed if it has significant impact on various 
aspects of sustainable development. In case of multiple forms of governance, it should be 
evaluated as a package. The concept of agrarian governance is analyzed across various levels. 
The various forms of this system of governance are to be studied and refined. Some dominant 
forms may not be applicable to farms of a particular type. At certain levels of farm and region, 
there may be no formal structure or system of governance for agrarian sustainability. This is 
because farm organizations and the general management system of a sector or country may 
be affected by these levels. [28] 

The concept of collective actions is considered when it comes to the management of 
agricultural farms. It is also applicable to other industries and subjects. This process aims to 
evaluate the relative and absolute potential of different types of farms for achieving 
sustainable agriculture and environmental protection. This analysis is usually focused on 
farms with complex internal structures (e.g., multi-member cooperatives, public farms, etc.). 
It involves analyzing the various aspects of farm management, including but not limited to 
management structure, profitability, environmental protection, and employee welfare. [28] 
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1.6.1 Indicators for Assessing Agrarian Sustainability at Sectoral Level in Bulgaria  

 

 
[28]  
 
 
 

1.6.2 Indicators for Assessing Potential Efficiency of Governance Forms of Agrarian 
Sustainability  

The evolution of agrarian governance depends on various factors such as political, 
institutional, and economic. Some of these include the personal characteristics of the 
participants. Science and technological advancement are also important factors that 
contribute to the sustainable development of our society. The choice of form of governance 
depends on the social and economic conditions that are necessary for sustainable exploitation 
of agricultural and natural resources. Other factors that affect the system of governance 
include the public policies and international agreements. For instance, some Bulgarian farms 
adapt their production methods and technologies to the new instruments introduced after 
2007. This process is carried out in order to maintain the integrity of the production system 
and its environment. [28] 

The various factors that are related to the governance of agrarian sustainability were analyzed 
in order to identify their importance and compatibility with the modern stage of agriculture's 
development. The former is caused by the delay between the actions that were initiated and 
the positive effects of these actions. It is also caused by the changes in agents’ behavior and 
the state of agrarian sustainability. Lack of knowledge about the various processes and 
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changes in the agrarian sector and rural areas, as well as the nature and extent of their impact 
on the environment and communities are some of the factors that have affected the 
development of agrarian sustainability. [28] 

Each governing form is evaluated by analyzing how its various components affect the behavior 
of agents and how these influences the overall performance of the sector. This step is also 
taken into account to see how the changes in the socioeconomic status of the country and the 
regions affected the farm sector. The level of agrarian sustainability is affected by various 
factors such as the environment, competition, financial crisis, and natural evolution. This issue 
can be linked to the various levels of government and the level of involvement of the farming 
community in addressing these issues. The potential of farms and the sectors for adaptation 
to changes in the environment and market are some of the main factors that are considered 
when assessing the sustainability of agrarian operations. The efficiency of various modes is 
different since they have distinct capabilities and responsibilities. Some of these include 
providing adequate information, mitigating risk, and improving the effectiveness of the 
management system. [28] 

An efficient and well-trained eco-system would induce voluntary actions, while most 
commercial enterprises require outside incentives to encourage their employees to perform 
actions. Water supply and usage would also be affected by actions that are not voluntary, such 
as price hikes and punishments. [28] 

Free market has many advantages and disadvantages, and it can be divided into three 
categories: 1) protection rights and investment, 2) coordination and incentive, and 3) 
freedom. [28] 

Market management is associated with various risks and uncertainties. It could be risky and 
costly due to the lack of information and the instability of prices. Private ordering is a better 
method for market coordination and monitoring. [28] 

Extension of internal mode beyond the small-partnership boundaries may require significant 
costs for development and operation. It can also lead to the establishment of economies of 
scope and scale, which can be explored in various ways. Ownership of a business can provide 
numerous opportunities for improvement in productivity and management efficiency. It could 
be connected to the complexity of dealing with large amounts of information and the need for 
effective management of information asymmetry. Non-profit and cooperative businesses also 
suffer from a low capability for long-term investment due to their non-profit goals and non-
traded character. [28] 

Large collective organizations usually require extensive maintenance and evolution to keep 
up with their increasing complexity. These costs can include the management of conflicts, 
restructuring, and termination of members. Unlike in the private sector, public organizations 
do not have an automatic mechanism for selection of ineffective forms. This makes public 
decision making more time-consuming and costly. In order to overcome some of the 
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disadvantages of public modes, implementing market-like mechanisms in the public sector is 
a way to go. [28] 

The efficiency of the management of agrarian sustainability is related to the extent to which 
the various components of the system can be rationalized and maximized in terms of their 
social, economic, and ecological impacts. It is also related to the management of costs. The 
former describes the potential of a system or individual mode to achieve agrarian 
sustainability. The latter shows the ultimate result or effect of the system or method on the 
farm. A high or increasing level of agrarian sustainability refers to a high efficiency of the 
governance system. This concept is usually evaluated by assessing the various aspects of the 
governance. [28] 

 

 
 
 
 
[28] Source: https://ec.europa.eu/info/sites/default/files/food-farming-fisheries/key_policies/documents/rdp-
factsheet-romania_en.pdf 



38 
           DIONYSUS – Strategy & Recommendation for optimizing the waterborne 

transport of agricultural products in the Danube Region 

 

 
 

 

Project co-funded by European Union Funds (ERDF, IPA, ENI) Work package T3 – INTEGRATED PORT DEVELOPMENT  

 

The efficiency and system-level analysis of agrarian sustainability are very important 
considerations for policymakers and practitioners. However, in many countries, such 
assessments are far behind the modern developments in theory and practice. This study aims 
to identify and analyze the various mechanisms and modes of governance related to agrarian 
sustainability in different regions and sectors of a country. It also collects microeconomic data 
to analyze the various activities and behavior of farming organizations. [28] 

 

1.7 Agricultural changes in Romania 

The European Commission adopted the Romania's RDP 2015-2020 program on May 26, 2015, 
which outlines the country's goals for using almost 9.5 billion of public money available for 
the next seven years. The program focuses on three priority areas: promoting competitive 
advantage in the country's agricultural sector, improving the environment, and stimulating 
economic development. [28] 

The RDP will help support the development of over 3 400 small farms and help more than 
nine 400 young farmers start up. It will also restore and preserve ecosystems related to 
farming and forestry. Over 7 million ha will be allocated for the prevention of soil erosion and 
land abandonment. The training of more than 184 000 people will be reinforced in the 
agricultural sector. Almost 27% of Romania's rural population should benefit by investing in 
infrastructure projects to improve living conditions. The Rural Development Program is a vital 
component of the country's infrastructure development. [28] 

One of the great advantages of the Rural Development concept is that it allows Member States 
to design their own programmes which fit their needs. For instance, in Romania, the focus of 
the RDP is on improving the profitability of the farm and restructuring the agricultural sector. 
The Support for Rural Development is the second pillar of the Common Agricultural Policy, 
which provides Member States with an envelope of European Union funding to manage 
national or regional programmes. For the 2014-2020 period, 118 multi-year programmes are 
foreseen in all Member States. The objective of the Commission's work is to promote 
networking activities at national and EU level. It also aims to coordinate actions and maximize 
synergies among the ESICs. [28] 

The Rural Development Program for Romania was adopted by the European Commission in 
2015 and outlines the country's priority areas for using the almost 9.5 billion of public money 
available for 2014. The program aims to stimulate economic development, improve living 
conditions in rural areas, and promote environmental protection. The RDP will support the 
modernization of over 3 400 farms and the development of over 30 000 small farms. It will 
also help restore and preserve ecosystems related to agriculture. In order to prevent soil 
erosion and land abandonment, the government will provide almost 7 million ha of support. 
The training of unskilled workers in the agricultural sector will also be strengthened. [28] 
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Almost 27% of the rural population would benefit from investments in rural infrastructure. 
This is the reason why the Common Agricultural Policy supports national and regional 
initiatives that aim to improve the infrastructure of rural areas. The new RD Regulation 2014-
2020 sets out clear targets for achieving six economic, social, and environmental priority 
areas. It also encourages coordinated actions and better coordination with the other European 
funds. This document provides an overview of the challenges and opportunities that Romania 
is facing as a result of the RD Regulation. The table shows the priority areas and their allocated 
budget. Romania's unemployment rate is 7%.[28] 

Romania has a population of almost 20 million and around 45% of its residents live in rural 
areas. The country's agricultural economy contributes 6.6% of the country's gross domestic 
product. The restructuring of the farming sector is a key challenge to increasing 
competitiveness. It is mainly concentrated in the large and medium sized farms, which 
account for around 7% of the total holdings. The average size of a farm in Romania is 
considerably smaller than that of the EU average. Its productivity is still low, at 30% of the EU 
average. Access to credit and farm insurance are among the challenges faced by small farmers 
in Romania. Despite this, the sector still provides 30% of total employment in the EU. There is 
a need for training in agriculture and rural areas to improve the skills of the workers, while at 
the same time promoting economic development in rural areas. [28] 

Many large agricultural areas in Romania are prone to soil degradation due to climate change. 
This environmental phenomenon is expected to intensify as a result of the increasing number 
of natural disasters. While the rural areas have the potential to increase their agricultural 
production, they are mainly affected by the lack of irrigation systems and are in need of 
intensive land management. [28] 

The Rural Development Programme will help Romania address these challenges through six 
priority areas: improving the competitiveness of the agricultural sector, sustainable forestry, 
social inclusion, and local development. The Rural Development Program (RDP) aims to 
improve the skills of farmers and other rural dwellers in order to stimulate economic 
development in agriculture, forestry, and rural areas. It also supports the development of 
small processing units (SPU) and farms. Over 14 400 small and micro enterprises in rural 
areas will benefit from the advisory services of the RDP. The program also supports the 
establishment of over 200 co-operation projects. [28] 

The goal of the program is to improve the competitiveness of small farms through the 
promotion of association. In forestry sector, the investment will be made to expand the 
network of forest roads. Over 120 farms affected by COVID will receive temporary support. 
Over 5 000 farmers will benefit from the insurance premium. The program also includes 
investments in disaster risk reduction and agricultural potential restoration. Around 600 pig 
and poultry properties will receive payments for their animal welfare commitments. [28] 

More than 1.1 million hectares of farmland and more than 950 000 ha of forests will benefit 
from climate and environmental payments. In 2015, the total area of land with natural 
constraints was reduced by almost 50% in Romania. This reduction, which was achieved 
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through the introduction of a new delimitation process, will cover almost 50% of the country's 
agricultural land. The objective of the program is to prevent land abandonment and erosion 
in areas affected by natural constraints. [28] 

The Rural Development Program (RDP) has support for 363 projects aimed at improving the 
efficiency of irrigation infrastructure in order to decrease water consumption. This will be 
done through training and advisory actions. There will be over 430 investments in the areas 
of carbon sequestration and greenhouse gas reduction. These will be focused on reducing 
deforestation and land use. Supporting afforestation will also help in reducing greenhouse gas 
emissions. [28] 

Over 3 000 projects will be supported to set up/develop non-agricultural businesses within 
rural areas, and almost 27 000 jobs will been created through the LEADER programme. Almost 
800 projects will be financed under the RDP to improve rural infrastructure, and it will help 
improve the living conditions of some 27% of the rural inhabitants. The infrastructure 
projects include roads, wastewater supply facilities, afterschool, and agricultural high schools. 
The government supports the establishment of new orchards, the reconversion of old ones, 
and the setting up of producer groups within the fruit processing industry. [28] 
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[28]  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[28] Source: https://ec.europa.eu/info/sites/default/files/food-farming-fisheries/key_policies/documents/rdp-
factsheet-romania_en.pdf 
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1.8 Agricultural changes in Moldova 

 
Despite the decline in the agricultural sector, it still accounts for 12% of the country's gross 
domestic product (GDP) in 2011. The services sector has become more significant over the 
years, as it now accounts for almost two thirds of the total industry. [29] 

[29] 

 

 

 

 

 

 

 

 

 

[29] Source: http://extwprlegs1.fao.org/docs/pdf/mol159051.pdf - NATIONAL STRATEGY 
ON AGRICULTURE AND RURAL DEVELOPMENT FOR THE PERIOD 2014-2020  
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The Moldovan macroeconomic environment is quite different from that of other Eastern 
European countries. In 2010, the value added by agriculture to the gross domestic product 
(GDP) of the region was 10%. However, the contribution of agriculture to the region's 
economy has decreased by an average of 10% over the past decade. Since 2000, agriculture 
has been experiencing slow and volatile growth due to various factors, such as external 
weather conditions. This is one of the main reasons why the economy has been showing 
unstable growth patterns. Crop production is vulnerable to climate distress due to its high 
volatility. In Moldova, the years of severe droughts have resulted in a disastrous crop 
production. This is a reflection of the lack of adequate weather-related risk mitigation 
measures. [29] 

The crisis has caused the prices of various inputs to go up, which in turn has slowed down 
agricultural production. This is a contributing factor to the decline in agricultural employment 
in Moldova. Despite the importance of agriculture in terms of employment, the number of 
people working in the sector has significantly declined over the years. This decline was mainly 
due to the many workers who exited the pool and migrated to the service sector. Although the 
employment rate in Eastern Europe remained high in 2011, it declined in some countries. For 
instance, in Moldova, it almost halved in a decade. [29] 

The rapid changes in the economy have driven many people out of rural areas and into urban 
areas. This migration has started in search of better income. Over the last 6 years, the number 
of people moving out of rural areas has significantly increased. The main reason for this is the 
closure of many rural schools and the lack of skilled workers. [29] 

It is clear that agriculture remains one of the largest employers in the country. The number of 
people employed in the sector has maintained its stable rate of around 320-330 thousand 
since 2009. During the economic crisis, the agriculture sector provided the social buffer that 
many people needed as they migrated back to agriculture. The decline in agricultural 
employment has led to higher labor productivity, which is still well below the region's average. 
[29] 

From 2000 to 2010, labor productivity in Moldova doubled, but it remained well below the 
Eastern-European average. The value added per worker in 2010 was 15,000 US dollars, which 
suggests that the labor productivity gap in the new member states was significant. Due to the 
rapid increase in personal income, and the large influx of remittances, the domestic demand 
for agri-food products has increased. This is mainly because of the increasing complexity of 
the consumers and the need for higher value-added products. [29] 

The main trading partners of Moldova in agri-food are the EU and the CIS countries. As a result, 
60% of the country's total agri-food exports were sent to the EU in 2011. The share of CIS 
countries in Moldova’s agri-food exports decreased by 30% in 2000-2011. On the other hand, 
the share of CIS countries in total agri-food imports increased by 25%.[29] 

Over the past decade, Moldova has managed to maintain a balanced trade balance. However, 
its overall trade deficit has grown significantly beyond expectations due to the increasing 



46 
           DIONYSUS – Strategy & Recommendation for optimizing the waterborne 

transport of agricultural products in the Danube Region 

 

 
 

 

Project co-funded by European Union Funds (ERDF, IPA, ENI) Work package T3 – INTEGRATED PORT DEVELOPMENT  

consumption of processed food products. This has caused a deterioration of the balance of 
agriculture's trade. Since Moldova joined the World Trade Organization in 2001, its trade 
liberalization has lowered barriers to agri-food import. The country has also lowered its 
customs duties. Since March 2008, Moldova has been enjoying the benefits of the European 
Union’s (EU) preferential trade terms (ATP+). This includes the removal of customs duties on 
many products from Moldova. [29] 

Moldova is also a member of various regional and international economic organizations. Its 
agricultural exports have been affected by the changes in the trade regime with its key trade 
partners. Since its agricultural products are mainly exported to the EU and CIS, Moldova's agri-
food market has been dominated by two main destinations: EU and CIS. However, since Russia 
joined the WTO in 2012, its market has changed significantly. [29] 

Due to Moldova's dependence on Russia for energy supplies, its trade situation with the 
country is complex. The emergence of a post-Soviet trade block between Russia, Belarus, and 
Kazakhstan has raised concerns for the country. The development of trade relations between 
the West and Russia is taking place in the context of the negotiations for a Free Trade 
Agreement between the EU and the DDCFTA. [29] 

 
 
 

[29] Source: http://extwprlegs1.fao.org/docs/pdf/mol159051.pdf - NATIONAL STRATEGY 
ON AGRICULTURE AND RURAL DEVELOPMENT FOR THE PERIOD 2014-2020  
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In the long run, the DCFTA is expected to boost Moldova's GDP by around 5.4 percent. As for 
exports, this increase is larger than the 8 percent expected increase in imports. The trade 
deficit is also expected to remain relatively stable. Over the long run, wages in Moldova are 
expected to increase by 4.8 percent. The country's consumer price index is also expected to 
decrease by 1.3 percent annually. In Russia and Ukraine, the benefits of the EU-Moldova 
DCFTA will outweigh the risks. For both countries, this agreement will increase their 
national income by over 120 million a year. [29] 

The most significant change would be in the sugar industry, which would affect the country's 
agricultural and processed food export sectors. These sectors are mainly dominated by five 
groups: oilseeds and Oleaginous fruits, beverages and spirits, cereals, and fruits and nuts. In 
three out of the five product groups, the share of Moldovan cereals in the EU is higher than 
that of the world's total export. This suggests that the country's producers may be able to 
overcome the market barriers related to the phytosanitary regime. A more nuanced picture 
may be revealed by the number of products that are separated by their respective HS 6-digit 
levels. The main product in this sector is walnuts. In 2011, Moldovan fresh apples were mainly 
exported to non-EU markets, while the majority of fresh fruits went to the EU. These products 
make up a small portion of total Moldovan exports. [29] 

The main factor that has restricted the growth of Moldovan apples in the EU is the complexity 
of the fruit market. This is especially true in the case of alcoholic drink. Moldovan wines are 
more valuable to the CIS markets than to the EU. SPS does not seem to be a barrier to entry 
for Moldovans into the EU market. [29] 

Currently, there are around 139.9 thousand hectares of vineyard land in Napa Valley. The 
share of winemaking in total industrial output has fallen dramatically since 2006. Wine is the 
main export product of Moldova. Its share in total Moldova exports has steadily declined over 
the years. Russia is the main market for Moldovan wine. The impact of the import embargo on 
Moldovan wines has been significant. Since 2006, their export values have remained at a 
quarter of their pre-2006 levels. [29] 

In 2006, after a one-off jump, they steadily recovered and reached a volume of around USD 20 
million. In 2010, after exceeding the quota for the previous year, they started using it in full. 
In 2011, the volume of Moldovan exports increased significantly due to the new regulation. 
Wines exported to EU markets are typically higher quality than those targeting CIS markets. 
Until 2006, the Moldovan wine industry relied on exporting cheap and semi-sweet wine to 
Russia. The ban on Russian import had a negative effect on the domestic market. [29] 

Moldovan wines are not being promoted in the most advantageous markets due to the 
country's low market shares and the competition from other regions. As a result, the prices 
for Moldovan wines are significantly higher than those of wines from other countries. The 
DCFTA has abolished all tariff barriers for wine in the EU. This is good news for consumers 
and producers alike. [29] 
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1.8.1 Analysis of Rural Development issues  

Rural areas make up 58% of Moldova's population. In 2011, over 2 million people lived in 
rural areas. The country's population decline started after around 660 thousand people left in 
1997. Moldova has the highest percentage of rural population in the Eastern-Europe. By 
comparison, the share of rural population in Belarus is the lowest in the region. In 2012, the 
average rural population in the region was 35%. Despite the fact that half of Moldovans live 
in rural areas, the country's rural employment rate is only 36%. This figure shows that the 
labor opportunities in these regions have significantly decreased over the years. [29] 

The share of the economically active population in Moldova is the lowest in the Eastern 
European region. This is mainly due to the massive migration of the active labor force in the 
country. The share of active agriculture in Moldova's population has remained high in 1992, 
while the rate of employment among young people has declined in the past couple of decades. 
Those with only a primary education were the most likely to find jobs in rural areas. Rural 
employment rate declined from 30% to 5.2% during the 2000 to 2011. [29] 

The low wages in agriculture are highly determined by the type of job that they require. In 
2011, people working in the services sector earned three times more than those in agriculture. 
Although the gap has shrunk, the situation remains high. Due to the decreasing possibilities in 
rural areas, many people are leaving Moldova for work abroad. The number of individuals 
who are looking for work has increased by over a thousand in the last decade. Among the age 
groups, the most significant increase is among young adults. [29] 

Every fifth Moldovan citizen is working abroad. Almost half of the country's population is 
working in rural areas. Young agricultural entrepreneurs are most likely to be the ones who 
can introduce new technologies and methods to boost the rural economy. In 2011, around 200 
thousand people from rural areas were working abroad. This figure is believed to be under-
reported, while the real migration numbers are much greater. It is clear that most of the 
people who come from rural areas of the country are from the remittances route. The share of 
household income that was sent home from abroad remained relatively stable during 2006 to 
2012, but it has started to increase since then. This suggests that rural households started 
becoming increasingly dependent on the money that they send back home. [29] 

Aside from remittances, the income of rural residents depends on both their self-employed 
status and on the pension system. In 2011, the majority of income was generated by foreign 
funds, while the others came from agriculture and self-employment. The majority of rural 
residents' income was not derived from formal employment. The other major source of 
income was from farming. The increasing number of students in secondary and primary 
education has limited the potential for higher income generation. It has been estimated that 
the number of children attending school has decreased over the years. This could be the result 
of the lack of financial resources to support education and the need to employ children. [29] 

The condition of rural infrastructure is a major factor that limits development possibilities in 
Moldova's rural areas. In 2011, the lack of electricity in rural areas was the third most common 
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issue affecting the development. The quality of water and wastewater services in Moldova are 
generally in poor condition. In most cases, they do not meet the hygiene requirements. Also, 
the lack of dwelling facilities makes rural households less equipped for living. Road networks 
are considered the most impoverished infrastructure in the country. In 2006, only 7% of the 
road network was considered good or satisfactory. The rest 93% was in a bad or unfavorable 
technical state. Many villages in Moldova have bad roads that affect the transportation of 
goods and the quality of their produce. This is a negative factor for the supply chain and 
increases the prices of the goods. Fortunately, there are solutions that can be implemented 
through rural job creation. The development of the agro tourist sector in Moldova is still 
ongoing and needs more support. This industry's share of overnight stays in tourist 
establishments increased by 3% in 2004 to 2012. [29] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[29] Source: http://extwprlegs1.fao.org/docs/pdf/mol159051.pdf - NATIONAL STRATEGY 
ON AGRICULTURE AND RURAL DEVELOPMENT FOR THE PERIOD 2014-2020  
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1.9 Agricultural changes in Ukraine 

 

Over the past three decades, the producer support index has been volatile due to fluctuations 
in the market price support (MPS). Since 1992, it has been negativing in most years. Various 
food products and sugar have been protected by import tariffs, which have led to higher prices 
for some. The impact on the prices of state-owned funds and commodities is likely to be 
limited. The total MPS for the sector has also been positive. The GSSE spent 1.6% of its 
agricultural value-added in 2017, which is well below the levels seen during the mid-1990s. 
[30] 

The Agrarian Policy and Food Ministry was integrated with the Ministry of Economic 
Development and Trade, which aims to accelerate the reforms in the agricultural sector. This 
includes the development of policies related to land use, market deregulation, and 
digitalization. New farms are required to use the land for farming purposes within the first 
three years. In addition, they are compensated up to 30% for the construction or renovation 
of grain storage and processing capacities. Several export-oriented sectors, such as for 
sunflower seed and milk, have remained below world prices. The lack of export infrastructure 
and the activities of state-owned enterprises may also contribute to this negative support. [30] 

To take advantage of Ukraine's agricultural competitiveness, it should improve its 
infrastructure and export processes. It should also implement the elimination of special VAT 
regimes. Improvement of the functioning of the input markets is a key component to ensuring 
that farmers have access to the inputs they need. This is evidenced by the end of the 
moratorium on the land sales. The reforms needed to make the sale and purchase of 
agricultural land in Ukraine legal will only boost the efficiency of the industry once this is done. 
[30] 

This proposal is linked to the modernization of Ukraine's regulatory framework and its 
infrastructure for the export-oriented sectors. The Action Plan should help in monitoring and 
reporting greenhouse gas emissions by various sectors. It should also help in identifying and 
implementing specific reduction targets and policies. In late March 2020, the Ukrainian 
Ministry for Economic Development and Trade and Agriculture and grain traders signed an 
agreement which limits Ukraine’s wheat export for the 2019/20 season. The document aims 
to ensure stability in the domestic market and to prevent prices from rising. [30] 

Despite the government's insistence that it would not impose further restrictions on wheat 
sales, it noted that the sales should reach the limits agreed with the traders. This temporary 
measure was implemented to protect the domestic market. On March 27, 2019, the Agrarian 
Fund and DPZKU, a grain firm, announced that they would sell over 128 000 tons of wheat to 
prevent a price rise. This order was implemented to safeguard the interests of the public. The 
Cabinet of Ministers is currently working on a list of products that should be renewed for state 
regulation. [30] 
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[30] Source: https://www.oecd-ilibrary.org/sites/4d38c439-
en/index.html?itemId=/content/component/4d38c439-en 

https://www.oecd-ilibrary.org/sites/4d38c439-en/index.html?itemId=/content/component/4d38c439-en
https://www.oecd-ilibrary.org/sites/4d38c439-en/index.html?itemId=/content/component/4d38c439-en
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1.9.1 Ukraine: Estimates of support to agriculture 
 

Both agricultural and total factor productivity grew significantly above global averages in the 
decade ending 2016. The acceleration in productivity was largely due to the increasing use of 
intermediate inputs and the shrinking capital stock. Several laws and decisions on agricultural 
policy have been adopted in Ukraine. The country's agricultural policy is based on the 
following principles: priority is given to the development of rural areas, and priority is 
allocated for the promotion of agriculture. The scope of Ukraine's agricultural policies is 
influenced by the country's association with the European Union. As a result, the financial 
scope of these policies has increased significantly in 2019. [31] 
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[30] Source: https://www.oecd-ilibrary.org/sites/4d38c439-
en/index.html?itemId=/content/component/4d38c439-en 

Between 2013 and 2015, real GDP fell 16%, while inflation rates rose to almost 50% due to 
political factors. Since then, the economy has grown at a steady rate of 2.4% to 3%. Despite 
this, unemployment remained high at almost 9% in 2014. [31] 

 

 

[30]  

 

Various forms of domestic price intervention are also carried out by the Agrarian Fund. These 
include the implementation of various domestic price measures, such as tariff protection. The 
Fund can also intervene in other activities such as procurement of food and agricultural 
commodities. The law "On State Support for Agriculture in Ukraine" sets out the minimum and 
maximum prices that the Agrarian Fund may buy from the state. These prices are not applied 
to the maximum prices. Minimum prices are not bound by guaranteed prices and are subject 
to various conditions. They are typically referred to as floor prices by private market 
operators. Since 2016, the Agrarian Fund has been buying and selling limited amounts of 
grains under the mechanism. [31] 

The Single Tax was introduced in 1998 to replace several taxes that were previously levied on 
agricultural enterprises. Since then, the scope of this tax has been narrowed. The Single Tax 
regime generates significant tax benefits for agricultural producers. In 2018, it was estimated 
that the value of these benefits amounted to around 4.3 billion Ukrainian Hrs. As a result of 
the Ukraine's Law on Agricultural Land Turnover, which was not extended into 2020, the sale 
and purchase of agricultural land in Ukraine is now illegal. [31] 

https://www.oecd-ilibrary.org/sites/4d38c439-en/index.html?itemId=/content/component/4d38c439-en
https://www.oecd-ilibrary.org/sites/4d38c439-en/index.html?itemId=/content/component/4d38c439-en
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The European Union’s liberalization of trade with Ukraine took effect on September 1, 2017. 
The opening of the market for Ukraine’s principal agricultural products, which includes grain, 
meat, and milk products, is expected to be completed within a transition period of about seven 
to ten years. [31] 

Some goods, such as dairy and eggs, were lowered to zero import duties. However, some 
duties will be eliminated during this transition period. 10% of the tariff lines will be preserved 
for certain products. Since January 2016, Ukraine has zero in-quota tariff rates for imports of 
certain food products from the European Union. The agreement is part of the DCFTA. The 
DCFTA aims to overcome Ukraine’s difficulties in complying with the requirements of the 
European Union for food safety, veterinary and Phyto-sanitary regulations. [31] 

 

In 2016, the comprehensive strategy on implementing legislation on sanitary and 
phytosanitary measures was approved. This procedure allows Ukraine to submit a proposal 
for harmonization of its SPS legislation with the EU's requirements. In 2016, Ukraine 
committed to not exceeding 60% of its 1990 emissions across various sectors. [31] 

The strategy for low carbon development of Ukraine up to 2050 was approved in 2018. The 
goal of the plan is to create a level playing field for all sectors of the economy and to separate 
economic growth and environmental development. The implementation of the Concept on 
Climate Change and the Environment was approved by the Central Committee of the Ministry 
of Agrarian Reform in 2018. The Ministry of Economic Development, in collaboration with 
other agencies, is developing measures to improve the environmental practices of agriculture 
and forestry. [31] 

Various measures supporting agriculture have also been implemented. These include the 
establishment of a single tax regime, which will provide annual tax benefits of more than 4 
billion US dollars. They also support various programs and projects designed to improve the 
profitability of the farming industry. Support for the crop side included various types of 
compensations, loans, and grants. On the other hand, the value-added tax system was 
discontinued in 2017. This system provided various benefits to producers, but only for a year. 
[31] 

On August 29, 2019, the Agriculture and Agrarian Policy and Food Ministry was integrated 
with the Economic Development and Trade Ministry. The new agency will be responsible for 
the development of Ukraine's agricultural and industrial sectors. The State Agency for the 
Forestry and Fisheries of Ukraine has been transferred to the Environment and Energy 
Ministry. The merger of these two agencies into the Ministry of Trade and Economic 
Development aims to accelerate the reforms in the agricultural sector. In 2019, the total 
expenses of the Ministry of Agraria and Food of Ukraine amounted to over USD 168 million. 
The Ministry of Economic Development and Trade and Agriculture have also put in place 
various regulations and strategies aimed at attracting private investment in the agricultural 
sector. [31] 
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The Action Plan updates the country’s strategy for achieving Ukraine’s Association Agreement 
compliance. It takes into account the various regulatory acts and initiatives adopted by the 
Ukrainian authorities in the past years. In October 2019, the government also approved a 
procedure for establishing special conditions on the import of food and animal feeds. The goal 
of this procedure is to improve the control over the imports of animal feed products and food. 
It aims to remove the burden from the importers by simplifying the procedures and reducing 
the threat of dangerous products entering the market. The Law “On production, circulation, 
labeling, and presentation of feedstuff” was adopted by the Parliament in 2017. This 
legislation establishes the legal and organizational basis for providing consumers with 
information about food. [31] 

Among others, the law sets out the duties of the operators of the food market in relation to the 
various issues related to the placement and labeling of food products. The Law provides for 
the establishment of organic market operators and public authorities responsible for the 
promotion and regulation of organic products. It also sets out further public policies aimed at 
developing organic markets. This procedure is in line with the requirements of the EU 
Regulation 889/2008. The provisions of this Order will come into force in June 2020. [31] 

The document sets out requirements for the characteristics of honey, its terminology, and 
labeling. The strategy aims to improve the management and operation of irrigation and 
drainage systems in the country. It includes various working directions such as the reform of 
the public administration for irrigation and drainage. New measures were introduced in 2018 
to support small and medium sized producers. These include general area payments and farm 
membership fees. [31] 

It is obligatory for producers to use the land for farming purposes. In 2019, partial 
reimbursement of the construction or modernization of grain storage and processing facilities 
could be granted. The use of such facilities could also be refunded. Despite the lack of a law on 
agricultural land turnover, the sale and purchase of land in Ukraine remains illegal. Ukraine is 
a member of the World Trade Organization since 2008. The country charges high import 
tariffs on most agricultural products. Despite this, its agricultural products are still cheaper 
than non-agricultural products. [31] 

Export duties are also applicable to some oilseeds, raw hides, and live animals. For soybeans 
and rapeseed, the latter was suspended from September 2018. In addition, negotiations on a 
DCFTA with Turkey are ongoing. In 2019, the European Union and Ukraine agreed to increase 
the duty-free quotas for Ukrainian processed poultry and beef. By 2021, the two TRQs are 
expected to reach a combined volume of over 90 000 tones. In December 2019, Ukraine 
banned the import of various goods from Russia. Some of these include meat and dairy 
products, alcoholic drinks, infant food, and various other processing products. The list was 
further extended until the end of 2020. [31] 

In July 2019, Ukraine banned the import of mineral fertilizers, animal feeds, and veterinary 
products from Russia. In addition, anti-dumping duties on chocolate and other cocoa-based 
products from the Russian Federation remained in place. The Memorandum aims to promote 



59 
           DIONYSUS – Strategy & Recommendation for optimizing the waterborne 

transport of agricultural products in the Danube Region 

 

 
 

 

Project co-funded by European Union Funds (ERDF, IPA, ENI) Work package T3 – INTEGRATED PORT DEVELOPMENT  

the interaction between different grain market participants and the exchange of information 
on expected grain export volumes. It also includes measures to monitor the grain market's 
functioning. Instead of holding meetings on a regular basis, grain market participants have 
decided to exchange information on a monthly basis. [31] 

The goal of the strategy is to improve the competitiveness of Ukrainian agricultural products 
and to stimulate the export of food and processed goods. It is also aimed at developing the 
Ukrainian food brand and increasing the country's market diversification. The system was 
modernized, with many regional customs offices reduced. The Export Promotion Office was 
also established to help Ukrainian exporters expand their markets. The Export Credit Agency 
provides various support services to Ukraine's export industry. It is aimed at facilitating the 
country's transition from its raw material export to a supplier of added value. [31] 

 

 

 

 

 

 

 

 

 

 

 

 

[30] Source: https://www.oecd-ilibrary.org/sites/4d38c439-
en/index.html?itemId=/content/component/4d38c439-en 

[31]Source:  https://latifundist.com/en/novosti/49385-minekonomiki-i-uchastniki-zernovogo-rynka-podpisali-
dokument-ob-ogranichenii-eksporta-pshenitsy; USDA (2020): Cap on Ukrainian Wheat Exports, GAIN Report 
Number UP-2020-0019, 6 April 
2020, https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileName=Cap%20on%20
Ukrainian%20Wheat%20Exports_Kyiv_Ukraine_04-05-2020.  

https://www.oecd-ilibrary.org/sites/4d38c439-en/index.html?itemId=/content/component/4d38c439-en
https://www.oecd-ilibrary.org/sites/4d38c439-en/index.html?itemId=/content/component/4d38c439-en
https://latifundist.com/en/novosti/49385-minekonomiki-i-uchastniki-zernovogo-rynka-podpisali-dokument-ob-ogranichenii-eksporta-pshenitsy
https://latifundist.com/en/novosti/49385-minekonomiki-i-uchastniki-zernovogo-rynka-podpisali-dokument-ob-ogranichenii-eksporta-pshenitsy
https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileName=Cap%20on%20Ukrainian%20Wheat%20Exports_Kyiv_Ukraine_04-05-2020
https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileName=Cap%20on%20Ukrainian%20Wheat%20Exports_Kyiv_Ukraine_04-05-2020
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2 Overview of the steps involved in transportation planning 
 

2.1 Analysis of Operational model for planning the harvest and distribution of 

perishable agricultural products  

The paper presents a conceptual framework that enables producers to generate short term 
planning decisions related to the production and distribution of fresh produce. This model can 
help producers maximize their revenues by making informed decisions during the harvesting 
season. Some of the factors that affect profitability include the cost of labor, the preservation 
of crops, and the use of transportation modes. The proposed planning model can help 
minimize the trade-off of the freshness while achieving significant savings. It can also be used 
to reduce the transportation cost and labor expenses of the grower. [32] 

Fresh fruits and vegetables producers often face various planning problems such as deciding 
how much technology to use, how much space to use, and when to plant and harvest. This 
process can be very challenging if the objectives of the crop are conflicting. From a planning 
perspective, the various decisions a grower makes can be considered strategic or tactical level. 
Some of these decisions, such as the timing of plant and equipment purchases, can be 
considered tactical level planning problems. This paper aims to assist a farmer in developing 
an operational planning model that will take into account the various aspects of a crop's 
cultivation, harvest, and distribution. [32] 

The concept of an operational model aims to help producers make informed decisions while 
harvesting fresh crops, which can result in maximized revenue. This model would help 
minimize the risk of making poor decisions and maximize the profitability of the crop. One of 
the most critical factors that a short-term harvesting operation has to consider is the 
management of labor costs. It also involves ensuring that the quality of products is at the time 
of sale. [33] 

The paper aims to develop a planning model that balances the loss of production due to the 
perceptivity of the crops with the costs that are incurred to prevent that loss. The paper was 
focused on the modeling complexity and economic importance of certain fresh crops such as 
tomatoes. They were also selected due to their versatility. The main issues presented in this 
section are those related to the operation of horticultural crops. Section 4 presents an 
operational model for planning the various activities related to their growing and distribution. 
[33] 

One of the main differences between the tactical and operational planning for the harvesting 
and marketing of perishable crops is that the latter's goals are usually better informed than 
those of the former. However, these plans are still subject to various factors that can affect the 
decisions that are made. A planning model should include all the factors that affect short-term 
planning issues, such as the post-harvest behavior of crops, transportation time, and labor 
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costs. It should also consider the transportation mode and the harvest policy to enable the 
crops to reach their intended customers. [34] 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
[32] Source: Ahumada, Omar, 2008. Models for Planning the Supply Chain of Agricultural Perishable Products, 
Ph.D. Dissertation, Arizona State University.  
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The main factors that affect the distribution of fresh produce vary depending on the country 
and industry. In the case of the horticultural supply chain, contracts can be sold or picked up 
in the open market. These contracts typically involve different arrangements for storage and 
transportation. Different markets exist for different kinds of tomatoes such as the mature 
green and the vine ripe varieties. For instance, the mature green tomatoes are usually 
harvested before they reach their maturity stage. [35] 

Most fresh produce growers have to consider the various factors that affect their cost and 
operational limits when planning their operations models. These include the demands of the 
market, environmental factors, and their ability to meet these constraints. The development 
of an operational model is done so that the various decisions related to the production and 
marketing of crops have already been made. It implies that the individual who made the 
decisions has complete knowledge about the varieties and the routes used for transporting 
them. [35] 

 

 
 
 
 
 
 
 
 
[32] Source: Ahumada, Omar, 2008. Models for Planning the Supply Chain of Agricultural Perishable Products, 
Ph.D. Dissertation, Arizona State University.  
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It is also assumed that, since the demand for crops is not expected to increase at the 
operational planning level, there is not a need to increase the production of crops. It is also 
assumed that there are historical data on the quality and yield distributions of the crops 
planted. For planning horizon, we propose a 4-week look-ahead horizon for harvesting and 
transportation decisions. A planning horizon is a conceptual framework that shows the phases 
of a farm's harvesting, storage, and transportation. It can be observed from Fig. 3 and is usually 
applied at least once per week. [35] 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[32] Source: Ahumada, Omar, 2008. Models for Planning the Supply Chain of Agricultural Perishable Products, 
Ph.D. Dissertation, Arizona State University.  
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The limited shelf life of various crops prevents them from being stored for long enough to 
create a demand-supply imbalance. This causes the industry to under-produce and over-
produce. This behavior can be seen in the case of fresh tomatoes, where prices go up when the 
supply is low and down when the demand is abundant. Tomatoes can also be highly variable 
during the harvesting season. The daily prices of Tomatoes in the US are shown in Fig. 4. These 
prices are computed from the data collected by the US Department of Agriculture during the 
2007 growing season. The changes in these prices have significant effects on the profitability 
of the crop. [35] 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[32] Source: Ahumada, Omar, 2008. Models for Planning the Supply Chain of Agricultural Perishable Products, 
Ph.D. Dissertation, Arizona State University.   
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2.1.1 Logistics chain of perishable crops 
 

The primary role of the operational model is to take into account the various aspects of the 
produce supply chain, such as the distribution of goods and services. This process involves 
making various decisions related to the procurement, storage, and transportation of goods 
and services. Customers also have various requirements when it comes to the distribution of 
their products. This is evidenced by the various types of resources that are required to support 
this process. [35] 

The operational model assumes that the transportation modes can handle the varying 
requirements of the products. However, these modes are not always able to handle the 
capacity of the final customers. The basic unit of transport is given in containers. It is assumed 
that all transportation modes are identical and that the same containers are used in all modes. 
[35] 

 

 

 

 

 

 

 

 

[32] Source: Ahumada, Omar, 2008. Models for Planning the Supply Chain of Agricultural Perishable Products, 
Ph.D. Dissertation, Arizona State University.  
 
[33]Source: Ahumada, Omar, Villalobos, J.Rene, 2009. Application of planning models in the agri-food supply 
chain: a review. European Journal of Operational Research 195, 1–20.  
 
[34]Source: Ahumada, Omar, Villalobos, J. Rene, in press. Planning the production and distribution of fresh 
produce. Annals of Operations Research. doi:10.1007/ s10479-009-0614-4.  
 
[35]Source: Allen, Stuart J., Schuster, Edmund W., 2004. Controlling the risk for an agricultural harvest. 
Manufacturing and Service Operations Management 6 (3), 225–236. Calvin, Linda, Cook, Roberta, 2001. US Fresh 
Fruit and Vegetable Marketing:  
Emerging Trade Practices, Trends, and Issues. Agricultural Economic Report 795. United States Department of 
Agriculture. 
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2.2  Agriculture, transportation, and the COVID-19 crisis 

 

As a result of the COVID-19 pandemic, transportation services have become less attractive to 
agricultural producers. This paper shows that although the pandemic has affected the 
availability of transportation services, they have generally improved compared to other 
sectors of the economy. Due to the lack of empty container space in North America, the 
demand for food pickup and delivery services has increased significantly. This has caused 
delays in the movement of grains and products. From a policy perspective, it is important that 
the supply chain is monitored and maintained, and that effective strategies are developed to 
address the various threats to the supply chain. [36] 

Food supply chains are often interconnected globally. Many of these supply chains have been 
disrupted due to the COVID-19 pandemic, which could threaten their stability. The brief 
analysis aims to identify the various modes of transportation that COVID-19 will affect. It 
includes rail, ocean freight, containerized, and home delivery. In this paper, I discuss the 
various implications of the COVID-19 pandemic on the supply chain, including the need for 
continued monitoring and industry engagement, as well as the development of strategies to 
address the various threats to the supply chain. [36] 

The combination of the dramatic decline in commodity prices and the rise of international 
travel and immigration restrictions have severely affected the level of economic activity 
within North America and the global market. Food demand will be strengthened by the 
consumers who are eating out and restock their pantries. As governments protect the 
integrity of their food supply chains, the drop in GDP will free up transportation capacity and 
resources to address potential shortages. Long hauls of grain and other goods are transported 
by rail or truck. These hauls have the potential to become international trade of perishable 
products. [37] 

Due to the rise of consumer pickup and delivery services, the transportation of food has 
become an integral part of the distribution chain. Many of these services have been affected 
by the outbreak of the COVID-19 pandemic. Due to the drastic decline in the demand for ocean 
freight, many companies have stopped transporting COVID-19. This has created an abundance 
of capacity. This past year, various factors, including a delayed harvest, an early start to winter, 
and a labor strike, put a significant delay on grain export rail movement. It resulted in long 
lines at Vancouver's port. Fortunately, grain export rates have started to recover during 
March. Although not directly impacted by the social distancing rules, this industry could be 
vulnerable if a large portion of its workforce fell ill. Fortunately, the reduction in non-
agriculture rail freight traffic has created a pool of capable workers that can handle the 
demand for grain and agricultural commodities. [38] 

Due to the closure of China's COVID-19 production, a shortage of empty containers has 
developed in Asia. These containers are usually filled with specialty crops that are transported 
back to Asia. The introduction of COVID-19 regulations will increase the time it takes for 
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containers to enter port and worsen the situation. The demand for specialty crops in 
international markets will also affect the profitability of ocean transport. Many companies 
have adopted social distancing protocols to prevent employees from getting injured or killed 
while delivering goods. Modern transportation systems have separated the labor deployment 
from the human contact required to operate safely. [38] 

The most vulnerable groups are those who deliver goods to establishments or grocery outlets 
that have personal contact with the customers. In March, many long-distance truck drivers 
reported that they did not have enough time to use the restrooms at rest stops and weigh 
stations due to the closures of roadside restaurants. To address this issue, governments of 
various provinces have placed portable toilets at these facilities. [39] 

In an effort to minimize the impact of COVID-19, various provincial governments increased 
the hours of service for truck drivers. The availability of tractor units and drivers for 
transporting agricultural goods is a strong indication of the robust nature of the 
transportation industry. The drop in diesel prices, which has significantly reduced the cost of 
trucking, has also helped minimize the impact of the COVID-19 outbreak on the transportation 
industry. Many of the unanticipated delays that will occur due to the effects of absenteeism 
will be caused by factors that will not be immediately fixed, such as temporary plant closures 
and transportation changes. In order to prevent these issues, governments must step up their 
efforts to monitor and plan for the recruitment and retention of workers for critical parts of 
supply chains. Due to the emergence of COVID-19, many households are taking a strict social 
distancing approach, with the exception of shopping for groceries. This is evidenced by the 
updated advice for wearing masks. If the SARS-CoV-2 virus can be spread by aerosol or surface 
contact, then pharmacies and grocery stores are considered very dangerous places. This is 
because they are the only sources of the virus that can isolate people. [40] [41] [42] 

An incentivized move away from in-store shopping to availing a service such as grocery pickup 
or delivery could help minimize COVID-19 externality. There are many people who could be 
trained to safely pack grocery bags. They could be re-purposed to provide these jobs, 
especially since there are many UBER drivers and taxi drivers who could also be trained to 
deliver groceries. It would be simple to expand this program to include all food and drug 
retailers to hire additional workers to expand their pickup and delivery capacity. This 
measure would also support the social distancing of consumers and small businesses. [40] 
[41] [42] 
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The in-store shopping externality of COVID-19 households could make it possible for more 
people to avoid social distancing and reduce public resources. This measure will allow more 
consumers to save money and reduce wait times. However, it will also cause some delays in 
the supply of non-refrigerated shipping containers. The temporary closure of processing 
plants due to COVID-19 will create temporary demand for transport services. The additional 
food supply chains created by the social distancing requirement will also require additional 
public support. [40] [41] [42] 

Many transportation services are operated by small teams of drivers, which make them more 
resilient to COVID--19 absenteeism. Also, lower demand for these services will help minimize 
transportation costs. Even in the event of a severe pandemic, transportation services will still 
be able to meet the demands of most food supply chains. [40] [41] [42] 

 

 

 

[36] Source: McKeen, A., & McGran, K. (2020).  Missing home, with few places for rest, Canada's truckers embrace 
their "essential" work amid the pandemic. The Star. Retrieved 
from https://www.thestar.com/news/canada/2020/04/04/missing-home-with-few-places-for-rest-canadas-
truckers-embrace-their-essential-work-amid-the-pandemic.html 

[37]Source: Quorum Corporation. (2020).  Weekly performance update for grain week 34 (2019-20 CY). Grain 
Monitoring Program. Retrieved from http://grainmonitor.ca/current_report.html 

[38]Source: Shih, W. (2020).  COVID-19 and global supply chains: Watch out for bullwhip effects. Forbes. Retrieved 
from https://www.forbes.com/sites/willyshih/2020/02/21/covid-19-and-global-supply-chains-watch-out-for-
bullwhip-effects/#6928db537195 

[39]Source: Smieszek, T., Lazzari, G., & Salathé, M. (2019). Assessing the dynamics and control of droplet- and 
aerosol-transmitted influenza using an indoor positioning system. Scientific 
Reports,  9(1). https://doi.org/10.1038/s41598-019-38825-y 

[40]Source: Tabak, N. (2020).  Canada issues hours-of-service exemption for COVID-19 relief. Freight Waves. 
Retrieved from https://www.freightwaves.com/news/canada-issues-hours-of-service-exemption-for-covid-19-
relief 

[41]Source: Tellier, R., Li, Y., Cowling, B. J., & Tang, J. W.-T. (2019). Recognition of aerosol transmission of infectious 
agents: A commentary. BMC Infectious Disease,  19(1),  101. 

[42]Source: van Doremalen, N., Bushmaker, T., Morris, D. H., Holbrook, M. G., Gamble, A., Williamson, B. N., … Lloyd-
Smith, J. O. (2020). Aerosol and surface stability of SARS-CoV-2 as compared with SARS-CoV-1. New England 
Journal of Medicine,  382,  1564– 1567 
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2.3 European Inland Waterway Transport Platform analysis 2020 

 

The IWT Platform Annual Report 2019 made it clear that it was still juggling multiple tasks in 
2020 despite the significant progress that was made in building the organization’s structure. 
However, the pandemic had also affected the platform in various ways. In order to improve 
processes and increase efficiency, more work was needed to be done in 2020 to streamline 
them. This was because the set-up budgets were too strict. In 2020, it was decided to bring 
some flexibility in the workplan. This year, the mid-year review was held, and it was the right 
time to renegotiate some parts of the budget. [43] 

In 2020, the IWT Platform recalibration was held in person. The objective was to get a handle 
on the various aspects of the recalibration, as well as how it would be carried out. The key 
decisions were then made regarding the hiring of a permanent team member and the study 
on the Modal Shift. The first phase of the project, which was called "Communication Strategy", 
was completed in 2019. [43] 

Work on the European Technology Platforms continues. These platforms play a vital role in 
the delivery of the R&I Agendas of the European Commission. The European Union's various 
projects help create strong links between the various sectors and their stakeholders. In 2020, 
for instance, the CEF was able to attract more interest from the industry. [43] 

The European matchmaking platform ENTRANCE is a follow-up of the EIBIP project, which 
was focused on improving the mobility tools and services in Europe. As for PLATINA3, it’s a 
dedicated project that aims to boost the innovation in the inland navigation industry by 
bringing all IWT partners together. On December 9, 2020, the European Commission launched 
the follow-up to the EU Green Deal 2020. The document aims to provide a comprehensive 
overview of the transition to a more sustainable and smart mobility. In order to achieve this, 
the inland marine transport industry will grow by 25% by 2030. [43] 

Also, it produces low levels of CO2 emissions, as compared to road transport. This is a plus for 
the industry as it allows for better transportation options. The uncertainty of 2021 is already 
affecting everyone involved in the industry and its stakeholders. No one can predict how or 
when the fight against Covid-19 virus will end, and what the overall damage will be. [43] 

The impact of the Covid-19 pandemic has been severe and wide-scale. It has affected the 
profitability of the transport sector and its long-term growth. This is mainly due to the drastic 
reduction in freight transport and passenger transport during the first half of the year. At the 
same time, the passenger shipping industry was collapsing at the start of this pandemic, while 
other segments were also heavily affected. It is the fundamental requirement of the IWT sector 
to ensure that free movement of crew members and goods in Europe is ensured. During the 
past year, the sector has continuously called for the introduction of adequate measures to 
prevent Covid-19 from affecting the industry. [43] [44] 
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The sector also thanked the European Commission for its support in the Recovery & Resiliency 
Facility and urged the Member States to allocate the necessary funds for the IWT and the 
energy transition. [43] [44] 

The IWT sector also welcomed the efforts of the Danube Commission in addressing the Covid-
19 crisis. The CCNR took various measures in April 2020 to support the industry in 
overcoming the crisis. The EU also issued regulations related to the outbreak of Covid-19. The 
recovery of the IWT sector is not only about making it stronger from the Covid-19 crisis, but 
also about pushing it forward to become more sustainable and digitalized. This is the reason 
why the sector has to be at the forefront of the Green Deal. [43] [44] 

2.3.1 What are the future perspectives for sustainable and innovative inland 
navigation?  

 

2020 was the first year that the I&G Committee fully functioned. The committee's focus was 
on the Greening part of the digital economy. The topics covered by the DTLF remained top of 
mind for the IWT sector. In order to address these issues, a mini-DTLF was set up One of the 
objectives of this project is to make sure that the eFTI fits well with what is already in place in 
the IWT. Another is to make sure that C.I.S. is a part of the overall transport system that is 
integrated seamlessly. [43] [44] 

The RIS COMEX project is a multi-purpose project that aims at establishing a framework for 
the operation and management of Corridor RIS Services. It is not yet far away from the C.I.S. 
The IWT Platform members are being actively involved in the discussions related to the RIS 
and the use of digital documents in the supply chain. The main topic of discussion was 
Europe’s strategy on data. Although the various workshops mentioned above were very 
useful, they are still far away from the daily requirements of the operators and barge-owners. 
Transition was the key word in Greening in 2019. Both the European Union's latest Green Deal 
and the end of the Horizon 2020 program highlighted the importance of shifting towards a 
low-carbon economy. [43] [44] 

The industry needs a push towards greening, but the timeline for this is still not yet clear. This 
is the reason why the concept of a green transition is becoming an absolute necessity for the 
industry. In 2020, the CCNR and some of its Member States launched a study on the financing 
for the IWT's energy transition. The objective of this project was to establish a strategy for the 
transition and to provide a comprehensive analysis of the various aspects of the IWT's 
operation. [43] [44] 

As a result of the various developments that happened in 2020, a transition period for the 
Non-Road Mobile Machinery emissions was also being looked at. As a result, the transition 
period for ships that are going to install transition engines has been extended. This means that 
those who want to replace their old engines with a new CCR2 can do so for one year longer 
than previously stated. The secretaries of the I&G Committee take the time to listen to their 
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partners and to develop effective solutions. Not only do they listen to their partners, but they 
also create opportunities for cross-party collaboration. [43] [44] 

The key question remains: how can the goals be achieved in a sustainable and economical 
way? As the industry and regulators work together, how can we make the transition happen 
in a way that is both economical and sustainable? [43] [44] 

2.3.2 What is the focus on waste and safety regulations in International inland 
navigation? 

The Committee has been involved in the various phases of the Convention on the collection, 
reception, and disposal of waste generated by ships and cargo on inland waterways. [43] [44] 

The cost of disposing of solid waste in the various CDNI Contracting States exceeds the fees 
that are being collected. This issue could have led to a feared deficit in the financing system. It 
is also important to analyze the system in order to identify potential future adjustments. This 
can be done by studying how it operates and what kinds of changes it needs to make. [43] [44] 

The Round Table meeting was supposed to discuss the various working methods and 
financing mechanisms utilized for the operation of the CDNI system. A survey has been 
developed to gather opinions about the existing service level and the industry's wish for the 
future. This survey is intended to be carried out in 2021. As the proposal is being forwarded 
for approval in Switzerland, France, Belgium, and Switzerland, the industry has already 
reacted positively to the proposal. [43] [44] 

The 37th annual meeting of the UNECE's Dangerous Goods Committee was postponed to 2021. 
It was replaced by a meeting in 2021. As a result, the annual meetings of the ADN Safety 
Committee were also postponed to 2021. One of the most important topics of the meeting 
were the transition from the EBIS system to SIRE, which took place on January 1, 2021. The 
shipping industry was very satisfied with the system in the past, and it is now worried about 
the changes in the future. The new degassing regulations will only be effective after the last 
Contracting State has ratified and deposited its document of ratification. In Belgium and 
Switzerland, however, the process is not yet complete, and it is not expected to happen in 
2021. This means that the regulations will most likely not be introduced in 2021. [43] [44] 

In addition, the provisions of the ADN are often not followed by both tanker and dry cargo 
ships. For instance, if a ship is carrying substances that are not required for explosion 
protection, but which require the carrying of documents, this does not apply to the tanker. 
The issue of opening of cargo tanks and sampling will be discussed in Geneva in 2021. The 
Dangerous Goods Committee will then take over the task. The provisions of the ADN do not 
meet the requirements of the current practice. The IWT Platform experts were also invited to 
contribute to the Working Group. [43] [44] 

The participants discussed various topics related to the operation of cargo tanks. Some of 
these included the following: empty cargo tank check, cleanliness check, and gas free 
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measuring. The ADN Expert Training Working Group met in 2020 to update and improve the 
questions for the basic examination. In December 2020, the group also discussed and updated 
the provisions of the ADN 2021. The Dangerous Goods Committee will focus on the safe 
transportation of dangerous goods in 2021. The Committee sends its members to the ADN 
Safety Committee in August 2021. [43] [44] 

2.3.3 What is the focus on waste and safety regulations in International inland 
navigation? 

 

The Committee has been involved in the discussions on the legal framework of the Convention 
on the collection, reception and disposal of waste generated by ships and cargo on the Rhine 
and other inland waters. [43] [44] 

The actual costs of waste collection in the participating countries of the CDNI are exceeding 
the fees that they are required to pay. This issue could have caused a deficit in their financing 
system in 2021. It is high time to analyze the existing system and its various components in 
order to identify future adjustments. Following the Covid-19 severe repercussions, the 
meeting was postponed to 2021. It was then decided that the Committee would draft a 
common stand that would represent the position of the inland navigating industry. [43] [44] 

This survey is intended to gather opinions on the current system and its implementation. The 
results will be used in the first semester of 2021. The meeting of the UNECE's ADN Safety 
Committee, which was supposed to take place in January 2021, was postponed to January 
2021. These meetings are attended by various representatives of the various parties involved 
in the Dangerous Goods Committee. Some of these include the ministries of the concerned 
countries, safety experts, and various industry associations. Aside from the ADN Safety 
Committee meetings, other important topics were also being discussed by the inland 
navigation industry. One of these is the transition from Ebis to SIRE on January 1, 2021. [43] 
[44] 

The shipping industry has been very satisfied with EBIS since it was introduced. However, 
with the transition to SIRE, many uncertainties still remain. The IWT Platform has issued a 
letter of guidance to all parties regarding the transition from EBU to SIRE. The Dangerous 
Goods Committee is still monitoring the implementation of the new regulations on degassing. 
In Germany, the Netherlands, Luxembourg, and the UK, the document has already been 
deposited. Unfortunately, the new degassing regulations will not come into force in 2021. This 
is because the process for ratifying the regulations is dragging on too long. [43] [44] 

Due to the complexity of the regulations, it is often difficult to implement the provisions of the 
ADN. The ADN requires the carrying of documents on board, but this is rarely necessary when 
a tanker is carrying substances that do not require explosion protection. Dry cargo vessels, on 
the other hand, are not clear on this issue. The issue of opening of cargo openings will be 
discussed in August 2021 at a meeting of the Dangerous Goods Committee in Geneva. [43] [44] 
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The provisions of ADN do not meet the requirements of today s practice and are not always 
clear. This issue was raised by the experts of the IWT Platform. The committee members 
identified three main topics that need to be addressed in order to improve the safety and 
efficiency of the cargo handling process. These topics are empty cargo tank check, cleanliness 
check, and gas free measuring and tank washing. The ADN Expert Training Working group 
was the only group that managed to meet in 2020 and discuss the various questions that were 
included in the catalogue. [43] [44] 

The Committee members worked on improving the wording of the questions in order to make 
the examination easier. However, they did not discuss the duration of the examination and the 
various answer options. The Dangerous Goods Committee will continue its work on the topic 
of safe transport of dangerous goods in 2021. In 2021, it will also use the Platform to discuss 
topics related to inland waterways. [43] [44] 

 

2.3.4 What is the focus on education and social regulations in International inland 
navigation? 

 

The Committee's activities are related to the crew's work on board ships and the training and 
education in inland navigation. The Committee meetings were held in 2020 with the 
participation of representatives of the EBU and the ESO. A brainstorming session was also 
organized for member companies. In 2020, a new Sub-Working Group was established to 
discuss the working time of social partners. The deadline for the implementation of the 
Professional Qualifications Directive is approaching quickly. [43] [44] 

Most of the standards that are required to implement the Professional Qualifications Directive 
have been adopted. Important ones include the basic safety training and the practical 
examination of OL. In January 2020, the Committee had a brainstorming session with various 
industry representatives to discuss the suggestions made by the TASC report. The Committee 
members agreed that the regulations should be flexible and modern to respond to changes in 
the market. Using CESNI standards can help make legislation more responsive and 
predictable. It can also help avoid confusion and make the rules more voluntary. [43] [44] 
Aside from the elements mentioned in TASCS, other components such as the RPN and other 
crew regulations will also be taken into account. This includes the modes of operation and 
tables. The new manning regulation is not a final draft, and many questions still need to be 
answered in detail. The roadmap does not provide a definite draft, but it is a good basis for its 
elaboration. It is important to distinguish the manning regulation from the working time 
regulations. In most cases, the former is more advantageous since it allows employees to work 
more efficiently, and it enables employers to control their working hours. [43] [44] 

Since 2018, the Social Partners Working Group has been dealing with the various social 
security issues that arise when workers are onboard a ship. Since the main focus of the 
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Working Group was the river cruise industry employees, the representatives of this sector 
were also included in the group. [43] [44] 

During the course of the course of the pandemic, river cruise companies provided valuable 
insight regarding their contractual details. As a result, the Working Group was organized again 
in 2020 to gather more social partners. The Committee took stock of the discussions on the 
various issues that affected the Fit Check program and its future work. Among the changes 
was the shifting of the issue due to the Covid- 19 pandemic. The goal of the Fitness Check is to 
ensure that all regulations related to the operation of carriers of goods by waterway are 
completed by the end of 2020. There are two groups of regulations related to social 
regulations that the check should address. [43] [44] 

Although the directive is very important, it is handled differently in different Member States. 
The Committee wants to improve it and make it more useful for European SMEs. Among the 
regulations that are being discussed is the posting of workers. This directive will affect the 
navigation of inland vessels. As a result, various points have already been identified for the 
upcoming fitness check. The Committee is looking forward to working on the roadmap of the 
new European Manning Regulation and to start preparing the draft of the new social security 
system. This will be the last task that the committee tackles in 2021. [43] [44] 

 

2.3.5 What is the focus on technical regulations in International inland navigation? 
 

The committee's main objective in 2020 was to develop and implement regulations that will 
improve the safety and efficiency of inland vessels. The committee also pays attention to the 
various police regulations that apply to the IWT sector. The work plan for 2020 was largely 
based on a work plan of the European Working group on technical regulations (CESNI/PT). 
The European inland navigation organizations told the CESNI Committee that the operators 
should not suffer due to the implementation of Covid-19, as it would affect their certification. 
The organizations requested to carry out a review of the work program’s priority areas. [43] 
[44] 

The NTC has provided its contribution to the mid-term review of the work programme of the 
CESNI/PT. The working group discussed the various input received from various participants 
and concluded that the current work program should be evaluated periodically. The ES-TRIN 
is regularly updated to reflect the latest technological developments and to ensure the highest 
level of safety on inland waterways. In 2021, the Committee has adopted a new edition of the 
standard. The European Union and the CCNR may apply ES-TRIN 2021, which is not binding, 
in their respective legal framework. This Standard will be enforced from January 2022, in a 
coordinated way. [43] [44] 

Freeboard and draught marks reduction. Sound level thresholds for both underway and 
stationary vessels. Portable fire extinguishers. Door locks in passenger vessels. At the end of 
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2019, CESNI held a workshop on collisions between bridges and inland vessels. The human 
factor was also highlighted as one of the main factors that led to the accidents. The Committee 
decided to carry out further studies on this issue in order to identify possible solutions. The 
Dutch Ministry of Water Management has initiated a study on human factors that contribute 
to inland navigation accidents. The study is funded by the IWT Platform and the IVR. [43] [44] 

The findings were focused on five main factors that affected the operations of the vessel: 
human factors, processes, equipment, and organizational culture. The factors were analyzed 
using a variety of tools and methods. The report "Human factors that cause inland navigation 
accidents" was published in 2015. It pointed out that the lack of human-machine interfaces in 
the wheelhouse has led to the emergence of bad human-machine interfaces. The Committee 
has already formulated various research questions related to the layout of wheelhouses and 
human-machine interfaces. Some of these are: what is the ideal wheelhouse design for 
minimizing human error? [43] [44] 

The following year, the Platform received an offer for a study on human factors that cause 
accidents in inland navigation. The objective of the study is to find out how these factors can 
be linked to the human-machine interface (HMI). [43] [44] 

A roadmap for the inland shipping industry was established by the CESNI Committee in 2006. 
This document sets out two action points related to the reduction of vibrations and noise in 
inland vessels. There are also various measures that inland navigation operators can take to 
reduce the noise pollution in their vessels. In addition, the effects of different measures vary 
depending on the ship's design and the environment. In most cases, the most economical and 
least expensive solutions are chosen first. [43] [44] 

The Working Group CESNI/PT is developing a safe use of winches guideline for inland vessels. 
This platform was established to enhance the safety of inland vessels by pooling the 
knowledge of various parties involved in the marine industry. There were many incidents in 
2018 and 2020 when the cords of lifejackets got tangled in the anchor winch. The Working 
Group CESNI/PPT has been discussing the non- conformity of the regulations for lifejackets in 
2016/425. This Committee has also proposed a way to improve the communication between 
the manufacturers and the users. [43] [44] 

 

 

2.3.6 What is the focus on inland waterways and how to maintain / improve this 
infrastructure? 

 

In 2020, the Committee was following the work of various parties involved in the field of 
infrastructure, such as the European Commission and the Trans-European Transport 
Network. It also participated in the discussions concerning the protection of the Danube and 
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the Rhine. Despite the importance of infrastructure to the mobility of the European Union, its 
underinvestment remains significant. According to the European Commission, the total 
amount of infrastructure investment declined from 2009 to 2017, and the investment in 
inland ports is expected to reach around EUR 47 billion by 2030. [43] [44] 

The European Union's transport infrastructure policy aims to promote connectivity across 
Europe and reduce regional, social, and economic disparities. This policy is based on 
Regulation 1315/2013. The Committee has been involved in the revision of the IWT-2020 
agenda. Its main objective is to get more EU funding for the infrastructure related to IWT. To 
achieve this, the Committee has identified a wider waterways network as one of the goals. [43] 
[44] 

The goal is to double the share of inland waterway transport within the next 30 years. This 
requires the establishment of new inland waterway ports and other infrastructure. Currently, 
only the biggest waterways are eligible for CEF funding. The Committee has proposed to lower 
that threshold to allow for waterways with class III and higher to be considered for funding. 
[43] [44] 

The future TEN-T policy will require the proper and regular maintenance of inland 
waterways. Also, the implementation of climate-resistant infrastructure. The Committee 
participated in the various phases of the TEN-T corridor fora. As part of its work, the 
Committee also coordinated with the experts on the various aspects of the waterways. [43] 
[44] 

The IWT is also involved in the FAIRway Danube project, which is a flagship project of INEA. 
It aims to improve the safety, environmental friendliness, and efficiency of inland navigation 
along the Danube. Climate change has led to an increase in the frequency of low water periods 
on rivers across Europe. The Danube and the Rhine have experienced these periods more than 
once. The effects of the low water on the river systems were significant. The disruptions in the 
supply chain caused by the lack of water affected the entire value chain. Climate change is 
already threatening the stability of inland navigation transport. This is why it is necessary to 
adapt our infrastructure to this phenomenon. [43] [44] 

Sector representatives have requested the authorities to limit the number of blockades and 
the availability of mooring places for vessels. This has led to a multi-year work on the 
FAIRway2 Danube, which is also ongoing. The project involved the establishment of a series 
of national action plans for waterway management. The Danube Master Plan is a tool that can 
be used to coordinate the management of the river's navigation. Its results were presented in 
2020 and were well-received by the public. [43] [44] 
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The IWT sector asked the French Ministry of Transport to carry out a full operation of the 
locks in Gabcikovo. Due to the closures, one of the lock chambers was opened a month earlier 
than expected. Works related to the restoration of the locks of Gerstheim, Fessenheim, 
Volgelgrn, and Strasbourg have been carried out in 2020 under a special support program. A 
study on the possible locations of additional mooring places for hotel ships along the French 
bank of The Upper Rhine has been concluded. The study on the cargo vessels' needs will be 
carried out shortly. [43] [44] 

A study on the Rhine's cargo berths is planned for 2021. A steering committee has been 
established for the cooperation between the VNF and the EDF. This step involves carrying out 
a survey to identify potential areas of improvement for public mooring facilities in the project 
countries. [43] [44] 

 

 

 

 

 

 

 

 

 

 

[43] Source: Guideline: Safe use of Winches in the Inland Barging Industry; Guideline: Veilig gebruik van lieren in de 
Binnenvaart ; Leitfaden: Sicherer Einsatz von Winden in der Binnenschifffahrt  

[44]Source: European Inland Waterway Transport Platform -https://www.inlandwaterwaytransport.eu/wp-
content/uploads/IWT-Platform-2020-Annual-Report.pdf 
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3 Defining transportation modelling 
 
4.1 Hydrological transport model 
 
Whilst many definitions exist defining transportation modeling it is primarily a mathematical 
tool using computer software to represent an actual transport system (the real world) to 
forecast travel patterns and flows between origins and destinations in geographic space by 
different modes „ (Victoria Transport Policy Institute). [45] 

A hydrological transport model is a type of mathematical model that is used to simulate the 
flow of water and to determine the quality of its water. It was mostly used during the 1960s 
and 1970s due to the environmental legislation. Much of the original work on the models 
originated in the US and the UK. Today, they are used globally. The goal is to determine if the 
model is distributed or lumped. For instance, if the model is simple, then only one pollutant 
may be addressed from a point discharge. In complex models, different sources of pollutants 
may be treated in a dynamic environment. [45] 

A model is often based on a physical model. If its parameters can be observed in the field, it is 
referred to as physically based. Generally, a model has several modules that deal with various 
aspects of land use. A hydrological model is often used to describe a river's course and its 
effects on a given environment. It can also be used to evaluate the effects of different types of 
pollutants on a given environment. [45] 

A comprehensive model is a representation of a process or set of processes that are observable 
in the real world. It can be used to describe processes such as surface runoff and subsurface 
flow. The Stanford Watershed Model was the first model to integrate the various sub models 
for basin-wide chemical hydrology. The modern versions of this model are the SWMM, the 
HSPF, and the SWMM. The transport and flow processes are represented by partial differential 
equations or empirical models. Some of the main sub models are involved in the following 
areas: Evapotranspiration, Channel Flow, and Sediment Transport. [45] 

Although some models have a chemistry component, most of them are designed to handle the 
latest data sources. Black box systems are used to model processes using data. They are 
typically linked to a certain input (rainfall) and output (runoff). The surface runoff element is 
a key component of a hydrologic transport model and plays a crucial role in the assessment of 
chemical contaminants. The unit hydrograph theory has been used to integrate water 
chemistry into model protocols. [45] 

The Clean Water Act prompted the US Environmental Protection Agency to develop water 
quality models. One of these was a surface runoff model that was first tried at the Southeast 
Water Laboratory. The focus on surface contaminant models has not been matched by the 
emphasis on pure water chemistry models. In the US, the EPA has a hard time interpreting 
different proprietary contaminant models. The model was applied to four different countries 
to estimate the transport of nitrogen, phosphorus, and suspended sediment. The results 
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indicated that the model is more accurate than a statistical method in estimating the nutrient 
transport. [45] 

The concept of a transport model for suspended sediment was developed and tested in 
tropical and semi-arid regions. It was able to simulate the riverine total nitrogen content and 
the transport loads of suspended sediment. The main conclusion of this study was that the 
model could be used to predict the transport of materials in a drainage basin during stationary 
periods but cannot be generalized to areas not specifically affected by the model. The US EPA's 
DSSAM Model was used to analyze the impacts of various water quality decisions in the 
Truckee River basin. It predicted the presence of dissolved oxygen, nitrogen, and sediment in 
the river. The DSSAM Model is based on the Total Daily Load metric known as TDML. It allows 
the EPA to manage many river systems in the U.S. through a dynamic approach., which is 
similar to the concept of the Total Daily Load. [45] 

3.1.1 Hydrological Transport Model – Literature review 

The physical model can be used for simulation of hydrological transport system while the 
statistical method is used for determining the flow dynamics. The velocity of an open channel 
can be determined by dividing it into steady and unsteady flow. The flow can also be divided 
into smooth and unsteady flow. These equations are commonly used to simulate the link 
between hydraulic parameters and a certain position. They can be utilized for steady flow 
calculation. However, for unsteady flow, the empirical equations are limited. [45] 

The mass balance and the Navier-Stokes momentum equations are the essential components 
of flow simulation. They are partial differential equations that are used to describe the spacial 
and temporal dynamics. The dimension and the equation form are computed as the relative 
scale of the research objects and the requirements of accuracy are specified. 

 

where Q = discharge; t = time; x = distance along the channel; g = gravity acceleration; S0 = 
bottom slope of the channel; Sf = momentum slope in the channel; q = lateral inflow per unit 
length along the channel. [45] 

3.1.2 Hydraulic Information Collection 
 
This discipline includes the geometric elements and the various hydrological variables 
required in a hydrological model. The data collected during field survey and observation 
should be used to collect the necessary information for a successful hydrological transport 
model. [45] 
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3.1.3 Model Calibration and Validation 
 

The calibration of hydrological models is a process that involves various limitations. Some of 
these are nolinearity, scale, equifinality, uncertainty, and uniqueness. The generalized 
likelihood uncertainty estimation (GLUE) is a direct optimal approach that is commonly used 
in hydrologic modeling. The objective of this research is to compare the 3 optimization 
algorithms that were used in the study of the HYDRU-1D model with the observed data. The 
procedure for validating the results is known as validation. The proposed method is based on 
the calibrated FEQ model for simulation of unsteady flow in 3 flooded periods. [45] 

This project aims to retrieve hydrological data from DEM and integrate them with other data 
in the FEQ model for open- channel un- steady flow simulations. [45] 

 

3.1.3.1 Research Questions 
 

1. How to retrieve hydrological information from DEM? 
2. How to design the GUI to link the Hydro Preprocessing with FEQ? 3. How to integrate the 
information into FEQ model? 
4. How to calibrate the FEQ model by observed data?  

From the research questions described in previous subsection, 4 specific objectives are 
divided from the main objective.  

1. To retrieve information for DEM by Hydro Preprocessing.  
2. To develop an interface for linking Hydro Preprocessing with FEQ model.  
3. To integrate required information into FEQ model for unsteady flow simulation.  
4. To calibrate the FEQ model and validate the result.  

 

 

 

 

 

[45] Source: https://webapps.itc.utwente.nl/librarywww/papers_2010/msc/wrem/yin.pdf 
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4 The use of transportation modelling  
 
  

4.1 Ports of Danube 
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Kelheim is a Medium-sized Port. The types of vessels regularly calling at Kelheim are Inland, 
Motor Freighter (50%), Inland, Unknown (12%), Inland, Passenger Ship, Ferry, Cruise ship 
(10%), Inland, Passenger Ship without Accommodation (2%). Maximum length of the vessels 
recorded to having entered this port is 172 meters. The maximum draught is 2.5 meters. [46] 
Kelheim is located at Inland, Europe, Inland, Europe in Germany at coordinates N 48° 54' 
40.20" - E 011° 53' 38.97". The official UN/Locode of this port is DEKEM. [46] 
 
Regensburg is a Large-sized Port. The types of vessels regularly calling at Regensburg are 
Inland, Motor Freighter (51%), Inland, Passenger Ship, Ferry, Cruise ship (14%), Inland, 
Unknown (13%), Inland, Cruise Ship (6%), Inland, Motor Freighter Pushing Freighter(s) (3%). 
The maximum length of the vessels recorded to having entered this port is 213 meters. 
The maximum draught is 3.2 meters. The maximum Deadweight is 6400t. [46] 
 
Regensburg is located at Inland, Europe, Inland, Europe in Germany at coordinates N 49° 01' 
17.39" - E 012° 06' 03.59". The official UN/Locode of this port is DEREG. [46] 
 
Straubing is a Medium-sized Port. The types of vessels regularly calling at Straubing are 
Inland, Motor Freighter (46%), Inland, Passenger Ship, Ferry, Cruise ship (15%), Inland, 
Unknown (10%), Inland, Cruise Ship (7%), Inland, Pushtow, two cargo barges (5%). 
The maximum length of the vessels recorded to having entered this port is 190 meters. 
The maximum draught is 2.7 meters. [46] 
 
Straubing is located at Inland, Europe, Inland, Europe in Germany at coordinates N 48° 53' 
33.00" - E 012° 34' 21.00". The official UN/Locode of this port is DESTB. [46] 
 
Deggendorf is a Medium-sized Port. The types of vessels regularly calling at Deggendorf are 
Inland, Motor Freighter (43%), Inland, Passenger Ship, Ferry, Cruise ship (14%), Inland, 
Unknown (14%), Inland, Pushtow, two cargo barges (6%). The maximum length of the vessels 
recorded to having entered this port is 190 meters. The maximum draught is 2.5 meters. [46] 
 
Deggendorf is located at Inland, Europe, Inland, Europe in Germany at coordinates N 48° 48' 
46.79" - E 012° 57' 34.19". The official UN/Locode of this port is DEDEG. [46] 
 
Passau is a Large-sized Port. The types of vessels regularly calling at Passau are Inland, Motor 
Freighter (35%), Inland, Passenger Ship, Ferry, Cruise ship (25%), Inland, Cruise Ship (12%), 
Inland, Unknown (12%), Inland, Pushtow, two cargo barges (3%). The maximum length of the 
vessels recorded to having entered this port is 190 meters. The maximum draught is 2.6 
meters. The maximum Deadweight is 248t. [46] 
 
Passau is located at Inland, Europe, Inland, Europe in Germany at coordinates N 48° 33' 
57.60" - E 013° 26' 20.40". The official UN/Locode of this port is DEPAS. [46] 
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Linz is a Medium-sized Port. The types of vessels regularly calling at Linz are Inland, Motor 
Freighter (33%), Inland, Passenger Ship, Ferry, Cruise ship (20%), Inland, Unknown (9%), 
Inland, Cruise Ship (6%), Inland, Pushtow, two cargo barges (6%). The maximum lengthof the 
vessels recorded to having entered this port is 283 meters. The maximum draught is 2.8 
meters. The maximum Deadweight is 4585t. [46] 
 
Linz is located at Inland, Europe, Inland, Europe in Austria at coordinates N 48° 18' 47.05" - E 
014° 18' 49.84". The official UN/Locode of this port is ATLNZ. It is also known as Hafen Linz. 
[46] 
 
Meldorfer Hafen is a Small-sized Marina/Local Harbour. The maximum length of the vessels 
recorded to having entered this port is 23 meters. [46] 
 
Meldorfer Hafen is located at UK Coast & Atlantic, North Sea in Germany at coordinates N 54° 
05' 27.95" - E 008° 57' 24.01". The official UN/Locode of this port is DEMEL. It is also known 
as MELDORF. [46] 
 
Ybbs Persenbeug is a Large-sized Port. The types of vessels regularly calling at Ybbs 
Persenbeug are Inland, Motor Freighter (36%), Inland, Passenger Ship, Ferry, Cruise ship 
(20%), Inland, Unknown (11%), Inland, Pushtow, two cargo barges (6%), Inland, Cruise Ship 
(6%). The maximum length of the vessels recorded to having entered this port is 283 meters. 
The maximum draught is 2.7 meters. The maximum Deadweight is 4585t. [46] 
 
Ybbs Persenbeug is located at Inland, Europe, Inland, Europe in Austria at coordinates N 48° 
11' 29.39" - E 015° 03' 59.39". The official UN/Locode of this port is ATPBU. [46] 
 
Krems is a Medium-sized Port. The types of vessels regularly calling at Krems are Inland, 
Motor Freighter (37%), Inland, Passenger Ship, Ferry, Cruise ship (16%), Inland, Unknown 
(13%), Inland, Pushtow, two cargo barges (8%), Inland, Cruise Ship (3%). The maximum 
length of the vessels recorded to having entered this port is 283 meters. The maximum 
draught is 2.7 meters. The maximum Deadweight is 6400t. [46] 
 
Krems is located at Inland, Europe, Inland, Europe in Austria at coordinates N 48° 24' 18.73" 
- E 015° 38' 36.43". The official UN/Locode of this port is ATKRE. [46] 
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Bratislava is a Large-sized Port. The types of vessels regularly calling at Bratislava are Inland, 
Passenger Ship, Ferry, Cruise ship (27%), Inland, Motor Freighter (19%), Inland, Unknown 
(11%), Inland, Cruise Ship (9%), Inland, Pushtow, two cargo barges (7%). The maximum 
length of the vessels recorded to having entered this port is 283 meters. The maximum 
draught is 2.8 meters. The maximum Deadweight is 2500t. [46] 
 
Bratislava is located at Inland, Europe, Inland, Europe in Slovakia at coordinates N 48° 08' 
07.79" - E 017° 07' 44.40". The official UN/Locode of this port is SKBTS. [46] 
 
Komarno is a Medium-sized Port. The types of vessels regularly calling at Komarno are Inland, 
Motor Freighter (22%), Inland, Passenger Ship, Ferry, Cruise ship (15%), Inland, Unknown 
(13%), Other (1%). The maximum length of the vessels recorded to having entered this port 
is 283 meters. The maximum draught is 2.7 meters. The maximum Deadweight is 1655t. [46] 
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Komarno is located at Inland, Europe, Inland, Europe in Slovakia at coordinates N 47° 45' 
16.20" - E 018° 07' 08.39". The official UN/Locode of this port is SKKNA. [46] 
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Gyor is a Medium-sized Port. The maximum length of the vessels recorded to having entered 
this port is 11 meters. [46] 
 
Gyor is located at Inland, Europe, Inland, Europe in Hungary at coordinates N 47° 41' 00.00" - 
E 017° 37' 59.99". The official UN/Locode of this port is HUGYO. [46] 
 
Komarom is a Medium-sized Port. The types of vessels regularly calling at Komarom are 
Inland, Motor Freighter (35%), Inland, Passenger Ship, Ferry, Cruise ship (13%), Inland, 
Pushtow, two cargo barges (9%), Inland, Unknown (9%), Inland, Motor Freighter Pushing 
Freighter(s) (3%). The maximum length of the vessels recorded to having entered this port is 
283 meters. The maximum draught is 3 meters. The maximum Deadweight is 4585t. [46] 
 
Komarom is located at Inland, Europe, Inland, Europe in Hungary at coordinates N 47° 45' 
02.70" - E 018° 07' 09.12". The official UN/Locode of this port is HUKOM. [46] 
 
Budapest is a Large-sized Port. The types of vessels regularly calling at Budapest are Inland, 
Passenger Ship, Ferry, Cruise ship (21%), Inland, Motor Freighter (20%), Inland, Cruise Ship 
(12%), Inland, Unknown (10%), Inland, Passenger Ship without Accommodation (3%). 
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The maximum length of the vessels recorded to having entered this port is 311 meters. 
The maximum draught is 3 meters. The maximum Deadweight is 3199t. [46] 
 
Budapest is located at Inland, Europe, Inland, Europe in Hungary at coordinates N 47° 30' 
08.77" - E 019° 02' 29.63". The official UN/Locode of this port is HUBUD. [46] 
 
Dunaujvaros is a Medium-sized Port. The types of vessels regularly calling at Dunaujvaros are 
Inland, Motor Freighter (40%), Inland, Pushboat, Single (6%), Inland, Pushtow, three cargo 
barges (6%). The maximum length of the vessels recorded to having entered this port is 311 
meters. The maximum draught is 2.9 meters. [46] 
 
Dunaujvaros is located at Inland, Europe, Inland, Europe in Hungary at coordinates N 46° 58' 
12.55" - E 018° 56' 43.77". The official UN/Locode of this port is HUDUU. [46] 
 
Dunafoldvar is a Medium-sized Port. The maximum length of the vessels recorded to having 
entered this port is 24 meters. [46] 
 
Dunafoldvar is located at Inland, Europe, Inland, Europe in Hungary at coordinates N 46° 48' 
39.50" - E 018° 55' 37.57". The official UN/Locode of this port is HUDFV. [46] 
 
Baja is a Medium-sized Port. The types of vessels regularly calling at Baja are Inland, Motor 
Freighter (25%). The maximum length of the vessels recorded to having entered this port is 
295 meters. The maximum draught is 2.5 meters. The maximum Deadweight is 3199t. [46] 
 
Baja is located at Inland, Europe, Inland, Europe in Hungary at coordinates N 46° 11' 16.81" - 
E 018° 55' 47.38". The official UN/Locode of this port is HUBAA. [46] 
 
Mohacs is a Medium-sized Port. The types of vessels regularly calling at Mohacs are Inland, 
Passenger Ship, Ferry, Cruise ship (38%), Inland, Unknown (22%), Inland, Passenger Ship 
without Accommodation (5%). The maximum length of the vessels recorded to having 
entered this port is 258 meters. The maximum draught is 1.9 meters. The maximum 
Deadweight is 248t. [46] 
 
Mohacs is located at Inland, Europe, Inland, Europe in Hungary at coordinates N 45° 59' 
37.14" - E 018° 41' 27.62". The official UN/Locode of this port is HUMOH. [46] 
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Vukovar is a Medium-sized Port. The types of vessels regularly calling at Vukovar are Inland, 
Motor Freighter (30%), Inland, Passenger Ship, Ferry, Cruise ship (20%), Inland, Cruise Ship 
(7%), Inland, Unknown (6%), Inland, Pushtow, six cargo barges (3%). The maximum length of 
the vessels recorded to having entered this port is 311 meters. The maximum draught is 2.7 
meters. The maximum Deadweight is 3199t. [46] 
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Vukovar is located at Inland, Europe, Inland, Europe in Croatia at coordinates N 45° 21' 14.40" 
- E 019° 00' 28.79". The official UN/Locode of this port is HRVUK. [46] 
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Bogojevo is a Medium-sized Port. The types of vessels regularly calling at Bogojevo are Inland, 
Motor Freighter (31%), Inland, Unknown (18%), Inland, Pushtow, two cargo barges (12%), 
Inland, Pushtow, three cargo barges (3%). The maximum length of the vessels recorded to 
having entered this port is 289 meters. The maximum draught is 2.6 meters. [46] 
 
Bogojevo is located at Inland, Europe, Inland, Europe in Serbia at coordinates N 45° 31' 36.37" 
- E 019° 05' 06.41". The official UN/Locode of this port is RSBVO. [46] 
 
BACKA PALANKA is a Medium-sized Port. The types of vessels regularly calling at BACKA 
PALANKA are Inland, Motor Freighter (38%). The maximum length of the vessels recorded to 
having entered this port is 301 meters. The maximum draught is 2.8 meters. [46] 
 
Backa Palanka is located at Inland, Europe, Inland, Europe in Serbia at coordinates N 45° 14' 
16.82" - E 019° 25' 23.00". The official UN/Locode of this port is RSBPA. [46] 
 
Pancevo is a Medium-sized Port. The types of vessels regularly calling at PANCEVO are Inland, 
Pushtow, six cargo barges (12%), Inland, Pushboat, Single (8%), Inland, Unknown (4%). 
The maximum length of the vessels recorded to having entered this port is 301 meters. 
The maximum draught is 2.8 meters. The maximum Deadweight is 9084t. [46] 
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Pancevo is located at Inland, Europe, Inland, Europe in Serbia at coordinates N 44° 51' 06.66" 
- E 020° 38' 26.64". The official UN/Locode of this port is RSPYJ. [46] 
 
Smederevo is a Large-sized Port. The types of vessels regularly calling at Smederevo are 
Inland, Pushtow, five cargo barges (11%), Inland, Pushtow, six cargo barges (11%), Inland, 
Pushtow, two cargo barges (8%), Inland, Pushtow, five barges at least one tanker (2%). 
The maximum length of the vessels recorded to having entered this port is 311 meters. 
The maximum draught is 3.2 meters. The maximum Deadweight is 1500t. [46] 
 
Smederevo is located at Inland, Europe, Inland, Europe in Serbia at coordinates N 44° 40' 
07.79" - E 020° 55' 15.81". The official UN/Locode of this port is RSSMO. [46] 
 
Prahovo is a Medium-sized Port. The types of vessels regularly calling at Prahovo are Inland, 
Motor Freighter (17%), Inland, Pushtow, six cargo barges (14%), Inland, General Cargo 
maritime (5%). The maximum length of the vessels recorded to having entered this port is 
301 meters. The maximum draught is 2.8 meters. The maximum Deadweightis 1500t. [46] 
 
Prahovo is located at Inland, Europe, Inland, Europe in Serbia at coordinates N 44° 17' 32.42" 
- E 022° 36' 38.90". The official UN/Locode of this port is RSPHO. [46] 
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Vidin is a Medium-sized Port. The types of vessels regularly calling at Vidin are Inland, 
Passenger Ship, Ferry, Cruise ship (37%). The maximum length of the vessels recorded to 
having entered this port is 289 meters. The maximum draught is 2.7 meters. [46] 
 
Vidin is located at Inland, Europe, Inland, Europe in Bulgaria at coordinates N 43° 59' 10.02" - 
E 022° 52' 55.77". The official UN/Locode of this port is BGVID. [46] 
 
Lom is a Large-sized Port. The types of vessels regularly calling at Lom are Inland, Pushboat, 
Single (11%). The maximum length of the vessels recorded to having entered this port is 258 
meters. The maximum draught is 2.4 meters. [46] 
 
Lom is located at Inland, Europe, Inland, Europe in Bulgaria at coordinates N 43° 49' 49.37" - 
E 023° 14' 33.23". The official UN/Locode of this port is BGLOM. [46] 
 
Oryahovo is a Medium-sized Port. The types of vessels regularly calling at Oryahovo are 
Inland, Ferry (20%). The maximum length of the vessels recorded to having entered this port 
is 210 meters. The maximum draught is 2.5 meters. [46] 
 
Oryahovo is located at Inland, Europe, Inland, Europe in Bulgaria at coordinates N 43° 44' 
20.55" - E 023° 58' 07.44". [46] 
 
Svishtov is a Medium-sized Port. The types of vessels regularly calling at Svishtov are Inland, 
Maintainance Craft, Cableship, Dredger (18%). The maximum length of the vessels recorded 
to having entered this port is 289 meters. The maximum draught is 2.6 meters. [46] 
 
Svishtov is located at Inland, Europe, Inland, Europe in Bulgaria at coordinates N 43° 37' 
22.69" - E 025° 20' 49.36". The official UN/Locode of this port is BGSVZ. It is also known as 
SVISTOV. [46] 
 
Ruse is a Medium-sized Port. The types of vessels regularly calling at Ruse are Inland, Motor 
Freighter (20%), Inland, Pushtow, six cargo barges (8%), Inland, Passenger Ship, Ferry, Cruise 
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ship (8%), Inland, Unknown (6%), Inland, Pushtow, five cargo barges (4%). The maximum 
length of the vessels recorded to having entered this port is 311 meters. The maximum 
draught is 3.3 meters. The maximum Deadweight is 9084t. [46] 
 
Ruse is located at Inland, Europe, Inland, Europe in Bulgaria at coordinates N 43° 50' 21.35" - 
E 025° 56' 29.59". The official UN/Locode of this port is BGRDU. It is also known as ROUSSE. 
[46] 
 
Silistra is a Medium-sized Port. The types of vessels regularly calling at Silistra are Inland, 
Motor Freighter (17%), Inland, Pushtow, four cargo barges (13%), Inland, Maintainance Craft, 
Cableship, Dredger (3%), Cargo (3%). maximum length of the vessels recorded to having 
entered this port is 289 meters. The maximum draught is 2.6 meters. [46] 
 
Silistra is located at Inland, Europe, Inland, Europe in Bulgaria at coordinates N 44° 07' 16.67" 
- E 027° 16' 10.90". The official UN/Locode of this port is BGSLS. [46] 
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Moldova Veche is a Medium-sized Port. The types of vessels regularly calling at Moldova 
Veche are Inland, Pushboat, Single (14%). The maximum length of the vessels recorded to 
having entered this port is 285 meters. The maximum draught is 2.6 meters. The maximum 
Deadweight is 3438t. [46] 
 
Moldova Veche is located at Inland, Europe, Inland, Europe in Romania at coordinates N 44° 
43' 35.48" - E 021° 36' 48.59". The official UN/Locode of this port is ROMOV. [46] 
 
Orsova is a Medium-sized Port. The types of vessels regularly calling at Orsova are Inland, 
Passenger Ship, Ferry, Cruise ship (8%), Inland, Pushtow, one cargo barge (8%), Pleasure 
Craft (4%), Inland, Passenger Ship without Accommodation (4%). The maximum length of the 
vessels recorded to having entered this port is 311 meters. The maximum draught is 3.4 
meters. The maximum Deadweight is 2132t. [46] 
 
Orsova is located at Inland, Europe, Inland, Europe in Romania at coordinates N 44° 43' 40.21" 
- E 022° 24' 47.30". The official UN/Locode of this port is ROORV. [46] 
 
Drobeta-Turnu is a Medium-sized Port. The types of vessels regularly calling at Drobeta-
Turnu are Inland, Motor Freighter (14%), Inland, Motor Tanker, liquid cargo, type N (8%), 
Inland, Motor Tanker, liquid cargo, type C (4%), Inland, Pushtow, five barges at least one 
tanker (2%), Cargo (2%).  The maximum length of the vessels recorded to having entered this 
port is 301 meters. The maximum draught is 3.6 meters. The maximum Deadweight is 3438t. 
[46] 
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Drobeta-Turnu is located at Inland, Europe, Inland, Europe in Romania at coordinates N 44° 
36' 58.52" - E 022° 39' 07.53". The official UN/Locode of this port is RODTS. It is also known 
as SEVERIN, DROBETA TURNU. [46] 
 
Calafat is a Medium-sized Port. The types of vessels regularly calling at Calafat are Inland, 
Motor Freighter (13%), Inland, Pushtow, four cargo barges (11%), Inland, Unknown (11%), 
Inland, Tug, single (2%), Inland, Pushtow, five barges at least one tanker (2%). The maximum 
length of the vessels recorded to having entered this port is 301 meters. The maximum 
draught is 3 meters. [46] 
 
Calafat is located at Inland, Europe, Inland, Europe in Romania at coordinates N 44° 00' 03.03" 
- E 022° 55' 50.82". The official UN/Locode of this port is ROCAF. [46] 
 
Bechet is a Medium-sized Port. The types of vessels regularly calling at Bechet are Inland, 
Pushtow, three cargo barges (15%), Cargo (15%), Inland, Unknown (15%), Inland, Ferry 
(7%). The maximum length of the vessels recorded to having entered this port is 290 meters. 
The maximum draught is 2.7 meters. [46] 
 
Bechet is located at Inland, Europe, Inland, Europe in Romania at coordinates N 43° 44' 56.38" 
- E 023° 57' 25.34". The official UN/Locode of this port is ROBCT. [46] 
 
Giurgiu is a Medium-sized Port. The types of vessels regularly calling at Giurgiu are Inland, 
Motor Freighter (20%), Inland, Unknown (10%), Inland, Pushtow, four cargo barges (7%), 
Inland, Passenger Ship, Ferry, Cruise ship (5%), Inland, Pushtow, six cargo barges (5%). 
The maximum length of the vessels recorded to having entered this port is 311 meters. 
The maximum draught is 3.3 meters. The maximum Deadweight is 9084t. [46] 
 
Giurgiu is located at Inland, Europe, Inland, Europe in Romania at coordinates N 43° 53' 
16.45" - E 025° 58' 30.71". The official UN/Locode of this port is ROGRG. [46] 
 
Oltenita is a Medium-sized Port. The types of vessels regularly calling at Oltenita are Inland, 
Passenger Ship, Ferry, Cruise ship (28%), Cargo (14%). The maximum length of the vessels 
recorded to having entered this port is 289 meters. The maximum draught is 2.6 meters. 
The maximum Deadweight is 248t. 
 
Oltenita is located at Inland, Europe, Inland, Europe in Romania at coordinates N 44° 04' 
18.04" - E 026° 37' 32.24". The official UN/Locode of this port is ROOLT. [46] 
 
Cernavoda is a Medium-sized Port. The types of vessels regularly calling at Cernavoda are 
Inland, Motor Freighter (18%), Inland, Unknown (9%), Inland, Pushtow, six cargo barges 
(9%), Inland, Pushtow, four cargo barges (6%), Inland, Pushtow, two cargo barges (6%). 
The maximum length of the vessels recorded to having entered this port is 311 meters. 
The maximum draught is 3.8 meters. The maximum Deadweight is 9084t. [46] 
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Cernavoda is located at the confluence of the Danube River with the Danube - Black Sea Canal, 
in Romania at coordinates N 44° 20' 03.41" - E 028° 02' 02.16". The official UN/Locode of this 
port is ROCEV. [46] 
 
Braila is a Medium-sized Port. The types of vessels regularly calling at Braila are General Cargo 
(23%), Inland, Motor Freighter (9%), Inland, Unknown (9%), Inland, Pushtow, six cargo 
barges (6%), Inland, Pushtow, two cargo barges (5%). The maximum length of the vessels 
recorded to having entered this port is 311 meters. The maximum draught is 6.9 meters. 
The maximum Deadweight is 13500t. [46] 
 
Braila is located at Inland, Europe, Inland, Europe in Romania at coordinates N 45° 15' 42.51" 
- E 027° 59' 02.45". The official UN/Locode of this port is ROBRA. [46] 
 
Galati is a Medium-sized Port. The types of vessels regularly calling at Galati are General Cargo 
(40%), Inland, Unknown (5%), Inland, Pushtow, six cargo barges (5%), Inland, Motor 
Freighter (4%), Inland, Pushtow, three cargo barges (3%). The maximum length of the vessels 
recorded to having entered this port is 311 meters. The maximum draught is 7.1 meters. 
The maximum Deadweight is 14787t. [46] 
 
Galati is located at Inland, Europe, Inland, Europe in Romania at coordinates N 45° 25' 08.80" 
- E 028° 05' 59.21". The official UN/Locode of this port is ROGAL. It is also known as GALATZ. 
[46] 
 
Tulcea is a Medium-sized Port. The types of vessels regularly calling at Tulcea are Inland, 
Passenger Ship, Ferry, Cruise ship (22%), General Cargo (20%), Inland, Unknown (7%), 
Inland, Passenger Ship without Accommodation (5%), Inland, Maintenance Craft, Cableship, 
Dredger (4%). The maximum length of the vessels recorded to having entered this port is 311 
meters. The maximum draught is 6.2 meters. The maximum Deadweight is 8736t. [46] 
 
Tulcea is located on the Danube River in Romania at coordinates N 45° 11' 35.25" - E 028° 48' 
18.48". The official UN/Locode of this port is ROTCE. [46] 
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Giurgiulesti is a Medium-sized Port. The types of vessels regularly calling at Giurgiulesti are 
General Cargo (37%), Oil/Chemical Tanker (11%), Inland, Motor Tanker, liquid cargo, type N 
(5%), Inland, Motor Tanker, liquid cargo, type C (3%), Inland, Tug, Freighter (1%). 
The maximum length of the vessels recorded to having entered this port is 250 meters. 
The maximum draught is 6.4 meters. The maximum Deadweight is 10052t. [46] 
 
Giurgiulesti is located at Inland, Europe, Inland, Europe in Moldova at coordinates N 45° 28' 
12.45" - E 028° 12' 25.08". The official UN/Locode of this port is MDGIU. [46] 
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[46] Source: https://www.marinetraffic.com/ 
[47] Source: https://www.danubecommission.org/dc/en/danube-navigation/ports-on-the-danube/ 
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5 Selecting a model 
 
 

5.1 Regional WORKSHOP: Ports & Agricultural Products Traffic in the Upper 

Danube Region Countries [AT / DE / SK]  

 
 
The event was focused on the management of ports and agricultural products traffic in the 
Upper Danube Region. It was attended by various port operators, storage operators, 
agricultural producers, and logistics service providers. The workshop analyzed the current 
and future traffic flows in the region's ports and their potential impacts on the economy. 
 
The event was attended by over 45 participants. Many of them were government officials, 
representatives of public and private organizations, and executives from various companies. 
 

 
 

The event was held under the theme "Dionysus Project: Regional Workshop" and was 
attended by representatives of the project's partner Wieser Consult and Pro Danube Romania. 
The project's activities were presented in detail. The representative of the company stated 
that the company has carried out various projects in the field of agriculture. 

The main topic of the event was the implementation of the Common Agricultural Policy 2023-
27, which is a key component of the European Green Deal. Mr. Silviu Meterna, the project's 
representative, gave his presentation on the various goals and objects of the project. This 
event was the third and final workshop that the project partners arranged on the Upper 
Danube. The event's goal was to generate a comprehensive report that will be presented in 
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2022 and will contain recommendations on how to improve the movement of agricultural 
products on the Danube. Due to the complexity of the project, Meterna asked the audience to 
regularly check the project's website. 

The event was moderated by Mihai Marc, the project manager of Advantage Austria in 
Romania. The key-note presentations provided an overview of the various aspects of the 
workshop, and the general framework for the discussions was created. Hacksteiner discussed 
the challenges of meeting the goals of the 2050 carbon emission reduction. She noted that the 
road freight should be shifted to rail and IWT by 2050. 

 

 

In order to meet the goals of the IWT, rail should account for 25% of total freight by 2030 and 
50% by 2050. For her own assessment, IWT has the potential to generate significant modal 
shift and is in need of various support measures. Seitz also provided an overview of the 
various policies and programs that were adopted within the European Union for the 
development of IWT. He provided an overview of the IWT's Lead Project Platina 3, which is a 
key project that will be held in Budapest and Brussels in the next couple of years. He also noted 
the impact of climate change on the river basin. 

Mr. Leitner provided an overview of the various aspects of the Upper Danube region's 
agricultural production and logistics potential. He also indicated that the various factors that 
affect the development of water transport for agricultural goods are expected to have a strong 
impact on the industry. He also called for more investments in the IWT and its infrastructure. 
He also mentioned the need for the organization to improve its internalization of external 
costs. 
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Flavius Negrea of Wieser Consult noted that the development of Austrian agriculture is 
expected to continue. Various statistics were provided in the overview of the various aspects 
of agriculture. He also talked about the impact of climate change and the Green Deal on 
Austrian agriculture. Negrea also talked about the various aspects of the Austrian market, 
including the production and trade of animal feed and fertilizer. He also noted that the 
development of IWT and the Danube's freight potential can help boost the country's 
agricultural production. 

 

 

Soya Market Analyst Bertalan Kruppa discussed the potential impact of the European soybean 
market on the IWT. He noted that the organization Donau Soja/Danube Soya is working on a 
sustainable and safe supply of soybeans. He mentioned that the European soybean production 
could reach 15 million tones by 2030. He noted that many of the companies operating in the 
Donau Soja group are located along the Danube. He also stated that the waterway is a great 
transportation option for agricultural products. 
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Michael Duspiwa of Fixkraft Futtermittel discussed the current flows of European agricultural 
products and the various challenges involved in handling these goods. Duspiwa noted that the 
origin of some of the feed products used by his company, including wheat, corn, and soybeans, 
are mainly from the countries located in the upper, middle, and lower Danube. He also talked 
about the various activities and support services that are available to the industry along the 
waterway. 

Austrian forestry and agricultural commodities took the second-largest share of Danube 
transport in 2020. Reinhard Hartl of Via Donau noted that the organization coordinates with 
various agencies and organizations to improve the efficiency of its operations. First-DDSG's 
Sales Manager Ralf Jina gave an overview of the company's various services, including its fleet 
and infrastructure. 

The company's fleet includes a total of 214 ships that can transport up to 300.000 tons of 
cargo. Most of these vessels are used for the transportation of agricultural products from 
Hungary, Serbia, and Croatia. For his presentation, Jina highlighted the company's 
achievements in 2015, 2016 and 2021. He also talked about the various projects that the 
company is currently carrying out to improve the efficiency of its fleet and overall operations. 

 

Werner Auer, the managing director of Ennshafen, gave an overview of the company's 
achievements and the goals of the project. The port's modern infrastructure, which includes a 
modern cargo terminal, is ideal for handling various types of cargo. He noted that it's located 
in an area that's considered an industrial center. 

 

 

The port's container terminal can also be used for the transportation of alternative fuels, such 
as LNG. This facility was the first to be constructed in Austria in 2017. Auer also talked about 
the various statistics related to the movement of agricultural commodities through the port. 
He concluded that Ennshafen is well-equipped to handle these types of cargo. 
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Andreas Plank of Bayernhafen highlighted the various locations in the port that are 
strategically located close to various economic centers. These areas include Aschaffenburg, 
Nrenberg, Regensburg, and Passau. In 2020, the ports handled over 8 million tons of cargo, 
which included over 60 million tons of agricultural products. These goods represented a 
significant portion of the total cargo volume. He also mentioned that the company invests 
heavily in its infrastructure and cooperates with other port operators and stakeholders. As an 
example, he mentioned the expansion of the Danube between Vilshofen and Straubing. 

 

Igor Barna, the senior project manager of public ports JSC, discussed the various factors that 
affect the movement of agricultural commodities through the ports. The company is a part of 
the Dionysus project, which is a project that aims to improve the efficiency of the Slovak 
agriculture. For his presentation, Barna provided data on the country's agricultural 
production and trade volumes. Unfortunately, due to an unstable Internet connection, he was 
not able to finish his presentation. As a result, the slides of his presentation were made 
available for the workshop participants. 

 

 

The EFIP's Turi Fiorito also talked about the various policies and measures that will affect the 
growth of the IWT traffic. Through the EFIP, inland ports can improve their visibility and 
exchange of information with European institutions and national governments. For his 
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presentation, Fiorito focused on the importance of the movement of agricultural commodities 
through the ports. He provided an overview of the various measures related to the European 
Green Deal. Fiorito also introduced the Vienna port's statistics and capacity to discuss the 
movement of agricultural products. 

 
 

5.1.1 Discussion – Q&A and recommendations  

The audience had the opportunity to ask questions and discuss the inputs after each 
presentation. The questions were mainly posted in the chat box and forwarded by the 
moderator Mr. Mihai Marc to the speaker. This way, some interesting discussions could take 
place.  

Below an excerpt of the Q&A round posted in the chat box: 
11:43:18 From Ralf Jina, First-DDSG Logistics Holding to Everyone:  

question, Theresia has said it is necessary to allocate 75% of the commodities moving by truck 
to rail and water to reach the climate goals. on the other hand, fuel should be taxed. that seems 
contradictory? if we tax fuel for inland navigation, the commodities will leave the river and 
not vice versa because we won’t be competitive anymore.  

The question was answered by Ms. Theresia Hacksteiner.  

12:18:49 From Capt.Béla Szalma to Everyone:  

Yearly volume on Danube should be 80 million tons, 31 million is a mistake. Austria has 10, 
Hungary 8 million, etc.  

12:24:47 From Simon Hartl, viadonau to Everyone:  

@Capt. Bela Szalma: viadonau calculated 36.2 Mio. tons for 2019 (latest data). The national 
statistics include volumes which have been registered multiple times.  
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13:20:40 From Herfried LEITNER / Pro Danube International to Everyone:  

yes, there were important improvements in the fairways along the Danube. Can only confirm. 
And such common efforts shall continue.  

13:45:21 From Srdja Lješević to Everyone:  

interesting idea for transforming self-propelled vessel to motor pusher 
These comments related to the presentations in the panel Grain transport on the Upper 
Danube –  

Infrastructure, administrative and tariffs bottlenecks.  

14:22:06 From Herfried LEITNER / Pro Danube Internaional to Everyone:  

@Mr. Plank: Statistics only showed Rail and IWT. Can it be true that trucks to not have a share? 
Otherwise, would be interested in the share of trucks. Thanks.  

14:37:31 From Herfried LEITNER / Pro Danube Internaional to Everyone:  

Solutions for this stretch were studied for 15 years and decided against ....  

14:38:26 From Herfried LEITNER / Pro Danube Internaional to Everyone:  

As you are the most important Group of ports in Bayern, do you have more details when Stage 
2 of Pfelling works (Deggendorf - Vilshofen) will be started / finished?  

The question was answered by Mr. Andreas Plank.  

4:51:34 From Herfried LEITNER / Pro Danube Internaional to Everyone:  

@Mr. Barna: The shares were for the ports, but would great to know how much of the agri 
products are sent/received via waterways?  

The question was answered by Mr. Igor Barna.  

15:06:41 From Herfried LEITNER / Pro Danube Internaional to Everyone:  

@Turi: CEF funding is great, but it is infrastructure. But what the sector need - is supported to 
ensure maintenance of the highway (waterway). Any program there?  

15:07:33 From Herfried LEITNER / Pro Danube Internaional to Everyone:  

dredging ... yes 
The question was answered by Mr. Turi Fiorito.  
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5.1.2 Conclusion. Next steps. Closing of the meeting.  
 

The meeting was resumed by Mr. Silviu Meterna, Lead Partner of the project and Mr. Mihai 
Marc, the event moderator. Mr. Meterna and Mr. Marc took the chance to appreciate the high 
level of cooperation among all stakeholders and thanked all participants and speakers for the 
interesting and productive inputs.  

 

5.1.3 Regional WORKSHOP: Ports & Agricultural Products Traffic in the Upper 
Danube Region Countries [AT / DE / SK] List of Participants  
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5.2 Regional WORKSHOP: Ports & Agricultural Products Traffic in the Middle 

Danube Region Countries [HU / HR / RS] 

 

5.2.1 Meeting Purpose:             

The event was organized to target various groups of individuals involved in the transportation 
of agricultural products in the Middle Danube Region. 

The workshop focused on the various aspects of the traffic flows in the ports located in the 
Middle Danube. The participants also discussed the role of the ports in supporting the growth 
of agriculture in the region. 
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5.2.2 Meeting Minutes 

The participants are professionals from various sectors such as public institutions, private 
companies, universities, and research organizations. 

 

The head of the Ports Authority of Serbia (PGA) Vuk Perovic stated that the Danube is 
considered one of the most important European rivers. The four ports in Serbia handled more 
than a million tons of cargo annually in 2020, which is five percent more than in 2019. 
According to the Agency, the total volume of transshipped goods in the country reached 16 
million tons in 2020. 

Perovic noted that the participation of the Agency in the DIONYSUS project, which is focused 
on developing the ports on the Danube, will allow them to connect with other ports in the 
region. Silviu Meterna, the head of the project's partner Pro Danube Romania, addressed the 
attendees of the workshop and introduced the various aspects of the project. 

He stated that the main objective of the project is to make the Danube Region a smart and 
sustainable multi-modal transportation network. Through the event, participants were able 
to share their ideas on how to improve the connectivity of the ports. In November 2021, the 
first regional workshop on the traffic of agricultural products was held in Serbia. The next one 
will be held in January 2022. 

The event's organizer, the Danube Region Improvement Project HFIP, plans to organize a 
follow-up workshop in 2022 to summarize the results of the three workshops. Horst 
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Schindler, the project's officer, said that the future projects of the Danube Region will mainly 
focus on the improvement of the administrative cooperation and the smart Danube. 

A call for proposals for the next project will be published in 2022, according to the event's 
organizer. During the workshop, the head of Serbia's Ministry of Agriculture presented the 
country's various policies and programs related to agriculture. Ljubisa Mihajlovic, from the 
Directorate for inland waterways in Plovput, gave a presentation on the various projects 
related to the Danube's improvement. 

Srdja Ljesevic, the head of the Center for Port operations in the PGA, presented the various 
ports in Serbia that are mainly used for the transportation of agricultural products. He noted 
that these ports are the most productive for transshipment of these goods. Mark Cernela, an 
external expert from the Port Authority of Vukovar, presented the characteristics of the 
Croatian ports that are used for transshipping of agricultural products. 

He also highlighted the importance of the port's terminals for the storage and transshipment 
of bulk cargo, such as cereals and oilseeds. Mr. Cernela also presented various studies related 
to the agricultural sector in Croatia.Vupik Plus Ltd. is a leading producer of agricultural 
products in Croatia. The company has been in business for over 60 years and is known for its 
quality and success. Aside from these, it also provides various raw materials for industrial 
facilities. 

Vupik's management team attributes its success to the company's continuous improvement 
through the use of modern agricultural techniques and equipment. Peter Kiss, the president 
of the Hungarian Grain and feed Association, presented the country's agricultural production 
and export figures. The debate focused on the need for the IWT to increase its share in the 
total transport of goods. Bela Szalma noted that the organization currently has 3 percent of 
the market. 

The participants then agreed that the improved connectivity between the Danube region and 
the global market is very important for the development of the region's agricultural industry. 
As for the Danube's navigation, the experts noted that it is crucial that the river's draft does 
not go beyond 2.5 meters. Dejan Trifunovic of the Danube Commission said that the main type 
of cargo that most frequently used to be transported through the waterway was agricultural 
products. 

Thanking the attendees for their participation, Gordana Bekcic, the event's moderator, noted 
that the speakers presented valuable information. 
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5.2.3 Regional WORKSHOP: Ports & Agricultural Products Traffic in the Middle 
Danube Region Countries [HU / HR / RS] List of Participants 

 
# First Name Surname Organization 
1 Vuk  Perovic PGA 
2 Srdja Ljesevic PGA 
3 Ksenija  Hajdukovic PGA 
4 Nevena Matic PGA 
5 Biljana  Maslarevic PGA 
6 Irena Al Atarji PGA 
7 Ana  Tomovic PGA 
8 Miljan Miljanic PGA 
9 Zivana  Lukovic PGA 
10 Marica Milosevic PGA 
11 Ljubomir Miskovic PGA 

12 Silviu Meterna 
Pro Danube Romania - Association for the promotion 
of transports on the Danube 

13 Ljubisa Mihajlovic Directorate for inland waterways - Plovput 

14 Tamara  Djuricanin 
Ministry of agriculture, forestry and water 
management (RS) 

15 Horst Schindler Danube Transnational Programme 
16 Dejan  Trifunovic  Danube Commission 

17 Cristian  Dobritoiu 
Ministry of Transport, Infrastructure and 
Communications 

18 Hennadii Meltsov State Enterprise "Ukrainian Sea Ports Authority" 
19 Leonard Cotiga  AAOPFR 
20 Miroslav Madarac Port Authority Vukovar 
21 Iva Horvat Port Authority Vukovar 
22 Serban Cucu AAOPFR 
23 Christian Stark PDM 

24 Flavius Negrea 
WIESER CONSULT 
 

25 Vladimir Petkov 
BRCCI 
 

26 Desislava Pencheva 
BRCCI 
 

27 Milica Nikolic 
viadonau 
 

28 Mark Cernela Logoteam Ltd 

29 Andrej Jovicic 
Vupik plus Ltd 
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# First Name Surname Organization 
30 Bence Buday Exante  

31 Bela  Szalma 
HFIP 
 

32 Vladislav Maras FTTE 

33 Danijela Pjevcevic 
FTTE 
 

34 Aleksandar Radonjic FTTE 

35 Bobak Fanni 
HFIP 
 

36 Ion Cotruta  
37 Janza Gabor  
38 Mate Vincze  

39 Peter  Kiss 
Hungarian grain and feed association 
 

40 Tatijana Rakocevic  
41 Vladan Misic MPAC- representative in the Republic of Serbia 

 
42 Lilia Burdila  
43 Claudiu Negreanu DP World a.d. Novi Sad 
44 Victor  Ceban Technical university of Moldova 
45 Gordana  Bekcic Blumen Group Ltd 

 

Following the workshop, we sent out a questionnaire of 35 questions to the participating 
partners. Based on the proportion of unanswered questions after completion, the survey is 
not considered to be a representative statement. As a resolution of the study, we continued 
to work by processing the available resources. A summary table of the completed version of 
the questionnaire can be found in Annex 1. 
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6 Model Calibration 
 
 

6.1 Model Calibration in general 

 

The process of developing travel forecasts is known as calibration. This step involves 
estimating the values of the various parameters and constants in the model structure. 

The model equation for constants and coefficients is usually formulated after supplying the 
observed values of both the independent and dependent variables. The model is then 
subjected to a trial-and-error effort to find the optimal set of values. [48] 

Usually, this step is carried out using statistical programs designed for this purpose. However, 
it can also be performed by importing the model parameters from another model. This 
strategy is only performed by experienced practitioners. After the models have been 
thoroughly checked to ensure that they perform their intended functions, they are then 
subjected to validation. This step is carried out to establish the credibility of the model. 

The validation process involves comparing the estimated traffic of the various models to the 
actual traffic on the road and transit systems. This step also involves testing the models' 
accuracy by taking into account various factors such as transit ridership. These are often 
referred to as cordon lines or screen lines. They run in areas where the central business 
district is located. A transit ridership estimate is then derived by comparing it to the actual 
cordon lines within the region. 

The importance of having comprehensive and accurate data on transit and traffic counts for 
model validation is very similar to the requirements of a travel survey. [48] 

6.2 Overview of transportation modelling 

Transport models are representations of the complex transport and land use system that are 
present in the real world. They can help planners identify the most effective ways to use 
transportation infrastructure in the future. 

The development of transport models is a vital step in the evaluation of various transport 
initiatives. It provides a framework to assess the current and future demands of the transport 
system. Through these models, planners can gain a deeper understanding of the various 
factors that influence travel decisions. They can then use these findings to develop effective 
strategies for addressing the future demand. A transport model is generally composed of three 
main components: a demand model, a trip generation model, and a highway assignment 
model. 
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The development of a transport model involves the use of a set of requirements. These include 
a functional specification and a technical specification. [48] 

 

6.3 Statement of requirements 

A Statement of Requirements is a document that describes the requirements for a transport 
model. It usually includes the interfaces between the model and other models, as well as the 
hierarchy of transport model applications. [48] 

 

6.4 Objectives of the model 

The objectives of a transport model are defined as the steps that the model must take to 
achieve its goals. These include developing procedures to evaluate and test various transport 
initiatives. This report aims to assess the strategic justification for various transport 
infrastructure projects. It also allows flexibility in terms of covering regional centers. 

The objectives of a transport model are also established to test the effects of various transport 
initiatives on a particular location. This step involves establishing a clear and precise 
statement of objectives. [48] 

6.4.1 Hierarchy of transport modelling applications 
 
Transport modelling is a broad category that includes various activities related to planning 
and implementing transport strategies. These include the formulation of a comprehensive 
land use and transport strategy, the investigation of various projects, and the detailed 
planning for delivering these projects. [48] 
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[48] Source: https://www.atap.gov.au/tools-techniques/travel-demand-modelling/2-overview 
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The goal of these applications is to evaluate the effects of various land use strategies on the 
performance of the transport network. The goal of these applications is to determine the 
optimal capacity utilization of the waterborne transport system in response to the needs of 
various users, such as shipping companies. [48] 

The selection of a modeling technique is an important step in the Statement of Requirements, 
as it involves carrying out studies that are related to the project's objectives. Having a good 
balance between the various requirements is also important. Sometimes, the blend of 
requirements can be delivered using multiple models. However, ensuring consistency in the 
implementation of these models can be a bit challenging. The selection of a modeling 
technique is also related to the need to evaluate the value for money of the project. For 
instance, if the funding decisions are based on the user benefits derived from consumer 
surplus theory, then a microscopic model is generally not suitable. [48] 

The advantages of microsimulation tools are their ability to provide precise representations 
of the various design options and their ability to show how the infrastructure would operate. 
The selection of a modeling technique is also related to the project's context. Before 
proceeding, it is important to identify the key elements of the project that can be used to 
construct the model. These can include the data, objectives, and schemes of the project. [48] 

One of the most important considerations is ensuring that the input variables are sensitive to 
the proposed schemes. They should also include the various characteristics of the transport 
network, such as waterway geometry and waterborne traffic control. The scope and 
mechanisms of a project are also related to the factors that are considered in the design of the 
model. For instance, the project's temporal and geographic scope. The outputs should also be 
able to represent the project's objectives. They should also include the necessary accuracy 
requirements and indicators. [48] 

 
 

 
[48] Source: https://www.atap.gov.au/tools-techniques/travel-demand-modelling/2-overview 
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There is no clear scientific reason why a particular transport modelling technique should be 
used. The selection process should be based on the need for rigorous analysis and the cost. 
The ATAP Guidelines do not identify a particular technique. Instead, they provide a framework 
for assessing the various factors involved in technique selection. [48] 

The first step is to carefully consider the project objectives. In step 2, the analyst should 
perform a high-level preliminary analysis to identify the expected impacts of the project. This 
step will allow the analyst to form a more complete view of the project's potential outcomes. 
Following an initial decision to use some modelling, the next step is to consider the various 
aspects of the transport system. This step also involves considering the methods that can best 
represent these aspects. This should be followed by a focus on ensuring that the chosen 
technique is capable of carrying out the necessary analysis and modeling. [48] 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
[48] Source: https://www.atap.gov.au/tools-techniques/travel-demand-modelling/2-overview 
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6.5 Alternatives to modelling 

 

If modelling is not necessary to analyze specific applications, then sketch planning methods 
are more suitable. Sketch planning exercises are commonly used to identify and eliminate 
various alternatives. This eliminates the need for further analysis. 

An example of sketch planning is presented by Van Hecke et al. in 2008. This method was used 
to deploy various operations technology such as water traffic flow management and weather 
information systems. The decision-making process was based on the data collected and 
analyzed using various criteria, such as traffic volume, weather conditions, and accident 
records. It is presumed that a technology would be cost-effective under certain conditions. 
[48] 

A sketch planning method involves the use of prescribed warrants. These are usually used to 
determine the intersection's number or combination of warrants. The warrants include 
various factors such as the type of wading obstacles and sluice data.  Another approach is to 
perform a qualitative comparison of the various possible alternatives. This method can help 
identify the advantages and disadvantages of each possible solution. It can also highlight 
various factors that could affect the decision-making process. [48] 

Although modelling is generally a time-consuming and expensive process, it is still important 
to perform a preliminary analysis of the various alternatives before proceeding with more 
detailed studies. Although the preliminary analysis can help identify the best course of action, 
it often doesn't identify the optimal solution. Doing so could lead to a project that's not well-
considered. [48] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[48] Source: https://www.atap.gov.au/tools-techniques/travel-demand-modelling/2-overview 
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7 Case studies conclusions 
 

7.1 A comparison of the application potential of waterborne platooning for the 

Danube and the Rhine corridors 

 

The goal of this study is to investigate the feasibility of implementing the waterborne 
platooning concept in two of Europe's largest inland navigation corridors, namely the Rhine 
and the Danube. The various environmental and geo-economic features of these regions are 
compared and studied. The concept of the vessel train is a waterborne platooning system that 
aims to reduce crew cost by moving the navigation responsibilities to the leading vessel. The 
concept of the vessel train is evaluated using a developed model that allows the evaluation of 
its viability. It compares the annual cost of transporting a vessel to a specific route with the 
cost of transporting the same vessel as a part of a platoon. [49] [50] [51] 

The results of the study indicate that the implementation of the waterborne platooning 
concept on the Rhine is more feasible than on the Danube. However, the low wages and the 
use of large push tows are some of the factors that prevent the system from being widely 
adopted in the region. The reduction in the transport cost of waterborne transport is expected 
to make it more attractive. However, other factors such as the integration of the vessel train 
into the overall supply chain are also considered to determine its success. In the Danube 
region, the implementation of the vessel train concept would require the addition of push 
convoys to the vessel train. This method of transport is more prevalent than self-propelled 
vessels. [49] [50] [51] 

A vessel train consists of a fully manned lead vessel that takes over the navigation 
responsibilities of the vessels following it. This allows the vessel to operate with a smaller 
crew and lower its operational costs. The vessel train concept is similar to a train that has a 
predictable route. In this article, we discuss the various operational conditions that are 
required for the operation of the vessel train. These include the setting of a regular departure 
schedule and the ability to leave the train at a predetermined point. The frequent departure 
intervals and the potential lower operating speed of the vessel train are some of the factors 
that increase the voyage times of the vessel train's users. These factors can only be overcome 
if the cost of the vessel control system and the savings achieved through the crew reduction 
are taken into account. [49] [50] [51] 

Due to the increasing importance of sustainability in the transport sector, various policies 
have been formulated to make the European inland navigation industry more competitive. 
Despite the various advantages of the vessel train, the inland navigation sector is still 
experiencing declining volumes. One of the factors that has been identified as a contributing 
factor to the declining performance of the inland navigation industry is the various barriers 
that it faces. According to Rogerson, these include the regulatory environment, the quality of 
service, and the market characteristics. [49] [50] [51] 
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In their study, the authors noted that the lack of good integration of the inland water transport 
(IWT) system into the supply chains is one of the factors that contribute to the declining 
volumes. 

Through the use of alternative waterborne concepts, researchers have been able to identify 
various factors that can help improve the performance of the inland navigation industry. One 
of these is the use of sea-river vessels. According to Charles, these vessels can efficiently avoid 
transshipment and lower their transport costs. They also noted that the use of sea-river 
vessels in the UK- Germany corridor can be problematic due to the varying river conditions. 
They suggested the use of push barges to overcome these issues. The lack of skilled crew 
members is also a concern for the IWT sector. This issue can affect the reliability and safety of 
the newly developed technologies used in the industry. [49] [50] [51] 

A technology that can allow vessels to operate with fewer crew members could be regarded 
as a cost-saving measure that can also help address the issue of crew shortages. It could also 
serve as an intermediate step toward the development of autonomous inland vessels. Two 
studies on the concept of waterborne platooning have been conducted. One of these involved 
the study of the societal and direct costs of this type of transportation. The authors of the study 
also discussed the various advantages and disadvantages of vessel train technology. They also 
analyzed the effects of various operating modes and the speed of the vessel train on its 
performance. [49] [50] [51] 

A study conducted by Notteboom et al. compared the geographical and economic aspects of 
the Rhine and Yangtze River barge networks. They also looked into the various governance 
factors that affect the development of the inland navigation industry. This study focused on 
the feasibility of the vessel train concept in different geographical regions, such as the Danube 
and Rhine corridor. It analyzed the various factors that affect the viability of the technology in 
these regions. The study also looked into the various factors that affect the viability of the 
concept of the vessel train in different regions. [49] [50] [51] 

The article is divided into six sections. The first one provides a literature review and a 
summary of the various factors that affect the feasibility of the vessel train. The next section 
explores the various case studies that were conducted to analyze the viability of the 
technology. The last section provides a breakdown of the various factors that were analyzed 
in order to come up with a viable solution for the industry. The second section of the study 
discussed the environmental and geographical characteristics of the Danube and Rhine 
corridor. The main reason for this discussion is due to the emergence of a rift between 
Europe's transportation sectors during the Cold War era. Due to the various factors that affect 
the business structure and operations of waterborne freight vessels, the development of new 
types of vessels has been hindered in certain regions. [49] [50] [51] 

The next section focuses on the geopolitical and geo-economic factors that affect the 
development of the vessel train industry. This section will be used to develop case studies that 
will analyze the various factors that affect the industry's viability. In terms of wages, the 
difference between the wages in the Danube and Rhine countries can still be identified in the 
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various sectors of the inland waterway cruise industry. This is because the crew cost 
reduction that the vessel train concept provides is very important to the profitability of the 
industry. There are no uniform regulations regarding the composition and size of the crew of 
vessels operating in Europe. These regulations are usually handled by the states that are 
involved in the operation of the vessels. [49] [50] [51] 

 

The minimum crew requirement for different types of vessels operating in Europe is similar 
to that of the two extreme sailing regimes. When compared to the two regimes, the crew 
requirements of a vessel can be reduced by up to four members by moving to an A1 regime. 
One of the factors that differentiate the regions is the type of employee that the vessels are 
employing. On the Danube, the majority of the employees are mobile workers. Due to the lack 
of skilled workers in the region, the average age of captains on the Danube is increasing, which 
is threatening the existence of family-owned businesses in the area. [49] [50] [51] 

The average cost of hiring a crew member in the countries along the Rhine is around 40.000 
per year. In contrast, the cost of hiring a crew member in the Danube region is around 8.000 
per year. This difference is mainly due to the varying cost of various roles. The number of 
vessels that are used along the Rhine and Danube corridors is also influenced by the cargo 
volume that's transported through them. In 2017, the Rhine carried 186 million tons while the 
Danube carried 39 million tons. The Rhine's international trade flows are both regional and 
global. On the Danube, however, the majority of goods are transported internationally. [49] 
[50] [51] 

The concept of the vessel train is currently focused on self-propelled vessels. This is because 
the majority of the inland vessels that operate in the region are barge convoys. Using the 
records of the vessels that pass through the ports and locks of the two regions, the Danube 
fleet is estimated to be around 2900 vessels. On the other hand, the Rhine fleet is composed 
of around 8200 vessels. The majority of the vessels that operate on the Danube are owned and 
operated by large companies. They mainly carry dry bulk and are used for long-term 
contracts. As the barges are decommissioned, the remaining vessels are replaced by second-
hand vessels. [49] [50] [51] 

The composition of the vessels in the Rhine fleet is significantly different from that of the 
Danube. On the other hand, the liquid cargo market in the region is significantly larger. In 
2017, the volume of container goods transported through the Rhine reached 17 million tons. 
Due to the varying nautical standards in the two regions, the efficiency of the waterborne 
transportation has been affected. In recent years, the region has been investing in the Danube 
to comply with regulations related to waterway dimensions, bridge height requirements, and 
minimum draught. [49] [52] [53] 

The length of the Danube is approximately 2415 kilometers, which is 2.7 times longer than 
the section of the Rhine that spans over 885 kilometers. The Rhine has several tributaries, 
such as the Main or the Aare. The Netherlands' estuary, which is also referred to as the Rhine, 
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connects to a vast network of waterways. These conditions allow cargo to reach its intended 
destination and deliver to nearby industrial plants. While the main river arm of the Danube 
carries large volumes of goods, it only has a few tributaries. This means that the transportation 
of goods through the waterway is restricted to specific regions. The average population 
density in the area around the river is 140 people per kilometer2. [49] [52] [53] 

Despite the length of the Danube, its tributaries contribute to the region's higher population 
density. This increases the waterborne traffic density in the region. The locks along the upper 
sections of the Danube are important navigational facilities that allow vessels to pass through 
the waterway. Most of the locks along the Danube have European dimensions of 230 meters 
by 24 meters. [49] [52] [53] 

The Danube's central arm can be reached by using the Iron Gate locks, which are located 
between Serbia and Romania. It is expected that the Danube's vessel train will pass through 
the Iron Gate locks. This facility allows the train to reach the most traffic-prone section of the 
waterway. There are only ten locks in the Rhine that have the last downstream lock. These 
facilities are designed for large vessels, which are usually referred to as self-propelled ships. 
Due to the length of the Rhine and its tributaries, the passage of the vessel train through these 
regions can take longer than expected. Navigation on the rivers can also be temporarily 
suspended due to strong winds, high water, and ice. According to historical data, the average 
suspension of navigation on the two rivers ranges from 5% to 6%.[49] [52] [53] 

Low water levels can also cause vessels to have restricted draft, which can increase the cost 
of the transport unit and increase the risk of accidents. Although there are no official 
guidelines for dealing with low water conditions, vessel operators are usually left to 
determine their own actions. The lack of a minimum water depth of 2.5 meters along the 
length of the Danube can cause major navigational issues. On the other hand, the Rhine has a 
depth of 3.5 meters. The various business models available on the Danube allow operators to 
consider different strategies when it comes to their operations. On the other hand, the 
majority of the vessels in the Rhine are owned by large state-owned companies. [49] [52] [53] 

In most countries along the Danube, only a few companies own more than 10 vessels. The 
various business models available on the Danube allow multiple companies to consider 
forming a joint venture (VT) for their own operations. On the other hand, the platform-based 
model of the Rhine is mainly used by third-party organizers. European vessels are classified 
according to their class. On the Rhine, the majority of the vessels are equivalent to the sizes of 
ships that are classified as CEMT class IV and V. In addition, there are numerous convoys of 
vessels carrying CEMT class VI and VII cargo on the lower Danube. These vessels are similar 
in size to the vessels commonly used on the Rhine. However, due to the shallow water 
conditions on the Danube, these vessels can only reach speeds of around 20 knots. [49] [52] 
[53] 

The ports along the Danube are well-equipped to handle transshipment. They can 
accommodate up to 40 inland E-ports, which are international facilities. An investigation 
conducted by the PINE organization revealed that the ports along the Rhine are 2.5 times more 
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effective than those along the Danube. Despite the advantages of the ports along the Danube, 
the higher traffic volume can cause congestions at the ports. According to an operator, the 
wait times on the river are similar to those experienced on the Rhine. The study also identified 
various factors that could affect the viability of the proposed VT concept. This is done through 
a quantitative model that can be used to evaluate the economic viability of the proposed 
venture. [49] [53]  

The study also looked into the various costs involved in running a joint venture. It was 
concluded that the net savings of the participating vessels would cover the costs of the 
venture. The study also noted that the number of vessels that would participate in the 
proposed joint venture does not meet the necessary conditions for the operation of the 
corridor. The viability requirements for a proposed VT are also influenced by the operational 
choices of the operator. These include the length of the route, the frequency of the departure 
and arrival times, and the number of vessels. [49] [54] 

 

The study also looked into the various operating conditions and boundary requirements that 
could affect the viability of the proposed venture. Through the cost model, the study was able 
to identify the various factors that could affect the operation of the proposed venture. The 
model was then used to evaluate the viability of the proposed joint venture by comparing the 
annual cost of transporting a ton of cargo to a vessel that sails on the same route. The study 
also took into account the various factors that affect the navigation day suspension and lock 
passage delays. These factors were added to the model in order to improve its efficiency. The 
calculation of the annual cost of the cargo transported is then carried out using the data 
collected from case studies. The calculation of the maximum FV cost is then carried out to 
ensure that the operation of the proposed venture is at least as efficient as that of the reference 
vessels. [49] [54] 

The calculation of the operation's viability is then carried out using the corridor features that 
were identified in the study. The study also performed a sensitivity analysis to study the 
various factors that could affect the viability of the proposed joint venture. It was concluded 
that the updated model and the various factors that were taken into account could be used to 
determine if the concept of the vertical transportation corridor could be applied in the Danube 
and Rhine regions. The input data section presents the various parameters used in the 
assessment model for the proposed vertical transportation corridor in the Danube and Rhine 
regions. [49] [54] 

The various parameters that are used in the model are based on the various features of the 
proposed corridor. Some of these require more detailed explanation. Due to the size of the 
Danube, it is considered the most representative route for the proposed vertical 
transportation corridor between the Rhine and the Danube. For instance, the route length of 
the Danube in its case is equivalent to that of the route between Belgrade and Cernavoda. The 
route length of the proposed corridor is computed by taking into account the length of the 
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lower Danube and the route length of the Rhine. In both case studies, the FVs are allowed to 
continue their journey on their own once they reach their destination. [49] [54] 

In the case of the Danube, the operators of the proposed joint venture will have different BMs 
depending on the route. This allows them to measure the savings they could realize from the 
proposed corridor. The business model for the proposed vertical transportation corridor in 
the Rhine region assumes that the coordinator of the venture will be the operator of the vessel. 
This model also requires that the platform cost be evenly distributed among the various 
vessels in the system. The dimensions of the vessels used in the proposed corridor remain the 
same regardless of the route. The difference in the speed of the vessels is also set since the 
shallow water on the Danube prevents them from sailing at the same speed as their deeper 
counterparts. [49] [54] 

The proposed vertical transportation corridor's operating speed should be between 15 and 
18 kilometers per hour. In the case of the Danube, the proposed joint venture's vessels should 
be able to reach their destination at a speed of 15.5 kilometers per hour. On the other hand, in 
the Rhine region, the proposed joint venture's vessels should reach their destination at a 
speed of 17.2 kilometers per hour. The table below shows the various properties of the vessels 
used in the proposed corridor. The cost information for the control system used in the model 
is also provided in Table 5. This section shows the annual cost of the control system. [49] [54] 

Although it is difficult to determine the exact cost of the crew for the proposed vertical 
transportation corridor, the authors of this article use Dutch wages to arrive at an acceptable 
figure. [49] [54] 

The rough estimates of the Serbian wages were obtained through interviews with the 
operators of the vessels used in the proposed corridor. The annual cost of the crew is 
computed assuming that the employment related cost and the indirect crew cost are the same. 
The cost of the crew is considered to be inclusive of all costs related to the operation of the 
vessel, such as fuel, insurance, and other expenses. In Serbia, the crew members receive 
additional bonuses for international travel. This can make up a substantial portion of their 
salary. Given that the Danube route runs through Romania, the crew members are expected 
to receive a bonus of around one-third of their operating time. Since the crew members' cost 
can make up to 40% of the total cost of operating a class V inland vessel, the overall savings 
from this component of the operation can be significant. [49] [54] 

The study shows that the various conditions have positive impacts on the viability of the 
proposed vertical transportation corridor. The annual cost savings achieved by the Rhine 
region are equivalent to around 389.100 euros. This shows that the region can achieve 
significant benefits despite the uncertainty in the data. [49] [54] 

A sensitivity analysis has also been added to the calculation of the annual cost savings. The 
results are stated in terms of percentage change compared to the base case. The maximum 
savings are provided at the point where the vessel stops and completes the trip. [49] [54] 
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The various parameters that are taken into account when calculating the annual cost savings 
have a negative impact on the FV's efficiency. For instance, the water depth and the number 
of navigation days are both negative factors that can affect the efficiency of the vessel. [49] 
[54] 

The navigation day suspension has a negative effect on the productivity and FV savings of 
inland vessels. It can also discourage cargo owners from choosing waterborne transport. [49] 
[54] 

The results of the study show that the unreliable waterborne conditions can affect the choice 
of transport mode for customers. This is because if the conditions become too unpredictable, 
the customer will not return. [49] [54] 

The study also showed that a vertical transportation system can be composed of as few as one 
FV. This means that the system can fit into a single lock cycle. [49] [54] 

The addition of additional locks along the proposed vertical transportation corridor can also 
affect the efficiency of the FV. For instance, if the vertical transportation corridor gets too long, 
the additional lock cycles will have to be added. [49] [54] 

The goal of the vertical transportation system is to reduce the load on the FV crew. However, 
if the crew is constantly on the bridge to perform lock maneuvers, the benefit of the system 
decreases. [49] [54] 

The changes in the departure intervals and the sailing distance can also affect the annual cost 
savings. For instance, the increase in sailing distance can increase the average savings by up 
to 56%. However, the income variation can also have a negative effect on the savings. For 
instance, if the income drops to an equivalent level to that of the Danube, the annual cost 
savings can decrease by almost 80%.[49] [54] 

The feasibility checks also identify the minimum distance that a FV has to stay in the proposed 
corridor and the number of FVs that are required to operate within the system. The results of 
the studies on the Rhine and Danube cases are summarized in Table 9. The adjusted Danube 
case shows that the trip distance to Budapest has increased to 1400 kilometers. These 
adjustments allow a class IV vessel to operate within the proposed vertical transportation 
system. Even with the higher platform cost, the system can still be financially viable. [49] [54] 

The operating cost of a class IV vessel on the Danube is lower than that of a self-propelled 
vessel. However, the required fleet share increases to 11% due to the presence of larger 
companies operating on the waterway. This can be feasible since it allows the system to 
represent a larger group of operators. One of the most significant changes that can be made to 
the departure intervals is to allow the system to operate on a departure on-demand basis. This 
will allow the operators to better coordinate with each other and with the vessels. This article 
compares the geo-economic and geographical characteristics of the Rhine and Danube inland 
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navigation corridors with the potentials of the vertical transportation concept. It also explores 
the various impact factors that can affect the implementation of the concept. [49] [54] 

The advantages of both the Danube and the Rhine are acknowledged by the article. However, 
the latter provides favorable conditions for the development of the vertical transportation 
system due to its lower traffic density and crew income levels. The studies also indicated that 
the Rhine case could support the development of a vertical transportation system. A reduction 
in the transport cost associated with this concept could make it more attractive. Other factors 
such as the integration of the system into the supply chain could also contribute to its 
successful implementation. Although the potential benefits of the vertical transportation 
system can be realized in the Danube case, the traffic density on the waterway is not high 
enough to support its full implementation. One of the ways to increase the traffic density is by 
adding push convoys to the train. [49] [54] 

Further studies are also needed to determine the potential benefits of the vertical 
transportation system for the inland water transportation sector. One of these studies should 
involve the integration of push barge operations into the proposed vertical transportation 
system. The article also explored the potential applications of the vertical transportation 
concept in other regions. For instance, the Yangtze River could be considered as an example 
of a potential waterway that could support the development of this system. [49] [54] 
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7.2 Intermodal Inland Waterway Transport: Modelling Conditions Influencing 

Its Cost Competitiveness 

The goal of this paper is to develop a model that will allow the transport industry to compare 
the costs of road-only and inland waterway transport. The economic factors that influence the 
profitability of inland waterway operations are taken into account. The model takes into 
account various factors such as the share of empty kilometers and the capacity utilization of 
terminals. It then aims to analyze the sensitivity of the costs of inland waterway transport to 
different conditions. It is also possible to analyze the competitive advantages of intermodal 
freight transport compared to road-only transport. [55] [56] [57]  

The results of the study show that the profitability of inland waterway transport can be 
significantly improved by the use of drop & pick operations and pre- and end-haulage services. 
However, the high costs of small terminals prevent the profitability of inland waterway 
transport. Over the years, the growth of European freight transport has been mainly driven 
by the increasing number of road vehicles. In 1980, road transport accounted for 65% of the 
total transport in the European Union, while in 2010, its share dropped to 7%. Aside from its 
numerous advantages, road freight transport also causes various issues such as congestion, 
accidents, and air pollution. However, it can be significantly improved by using other modes 
of transportation. [55] [56] [57] 

Despite the increasing number of road vehicles, the profitability of road-only transport 
remains the main factor that influences the choice of mode of transport. In addition, scientific 
studies have shown that the cost of transport services is also one of the most important factors 
that influence the decision-making process of consumers. In addition, the economies of scale 
offered by inland waterway transport are significantly greater than those of rail 
transportation. This is one of the reasons why it is considered as a more cost-effective mode 
of transportation. [55] [56] [57] 

Despite the advantages of inland waterway transport, it is still not clear if it is as cost-
competitive as road-only transport. Various studies have been conducted to analyze the 
profitability of inland waterway transport. However, the exact relationship between the costs 
and operations of the transport chain is not clearly defined. [55] [56] [57] [58]  

Unfortunately, most studies on the costs of inland waterway transport fail to include detailed 
information about the operations and costs of this type of transport. This makes it difficult to 
compare the costs of road-only and inland waterway transport. The paper presents a model 
that takes into account the various factors that affect the profitability of inland waterway 
transport. The study also takes into account the economies of scale offered by this mode of 
transportation. The paper aims to develop an integrated framework that will allow 
researchers to analyze the costs and operations of inland waterway transport. It will then be 
used to develop a model that will show the various factors that affect the competitiveness of 
this type of transport. [55] [56] [57] [58]  
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The costs of providing a transport service should be considered in terms of all the factors that 
are required to deliver the transportation service. For instance, the cost of acquiring the 
necessary equipment is one of the most significant factors that affect the profitability of inland 
waterway transport. Despite the importance of the various factors that affect the profitability 
of a transport service, the exact allocation of costs has not been studied. [55] [56] [57] [58] 

The various categories of costs that are considered in this study are: direct costs, variable 
costs, and activity-based costs. In order to arrive at an accurate cost allocation, the paper will 
use a system known as the fixed and variable cost method. The number of business hours that 
a transport service provides should also be taken into account in order to determine the exact 
cost of providing the same service. The total variable costs of a transport service are also 
affected by the distance that it takes to reach its destination. For instance, if a transport service 
goes over a long distance, the higher the variable costs will be. [55] [56] [57] [58]  

The factors that affect the cost of a transport service are the time spent in a trip and the 
distance covered. A cost calculator can then be used to determine the exact cost of a transport 
service. A kilometer cost coefficient can also be derived to determine the total variable costs 
of a transport service. This is the sum of the various types of variable costs that are included 
in the calculation. The cost of a transport service is also affected by the various factors that are 
involved in the production of the transportation service. These factors include the type of 
equipment that's used, the type of labor, and the cost of materials. [55] [56] [57] [58] [59] [60] 

The efficiency of a transport service is also affected by the various factors that are involved in 
the production of the service. For instance, if a transport company uses a certain type of 
operations, the time it takes to deliver the same service might be affected. The factors that 
affect the profitability of inland waterway transport are presented in terms of the various links 
of the chain. These include the main haulage by IWT, the terminal handling, and the end-
haulage by truck. The high costs of operating a terminal and the competitive structure of 
inland waterway transport are some of the factors that have been identified as affecting the 
profitability of this type of transport. [55] [56] [57] [58] [59] [60] 

The cost of operating a ship is divided into two parts, namely the variable and fixed costs. The 
former comprises of the various expenses related to the operation of the vessel, while the 
latter includes the capital and labor costs. The labor costs are mainly affected by the type of 
vessel and its length. On the other hand, the capital costs are mainly related to the various 
expenses incurred by the ship such as insurance, repairs and maintenance, and port dues. [55] 
[56] [57] [58] [59] [60] 

Although the fixed costs of a ship are usually lower than the variable costs, they can still 
increase depending on the level of operation. The other factors that affect the cost of a vessel's 
repairs and maintenance are its fuel consumption and its price. Various factors such as the 
size and shape of the vessel, its speed, and the power of its engine are also taken into account 
to determine the exact cost of fuel. Fuel costs can also vary depending on the conditions of the 
waterway where the ship is docked. [55] [56] [57] [58] [59] [60] 
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The load factor of a vessel is also taken into account when calculating the fuel costs of a ship. 
The fixed costs are the most significant factors that affect the cost structure of an IWT 
operation. They include the interest and depreciation costs of the vessel. High fixed costs can 
also lead to a high load factor. [55] [56] [57] [58] [59] [60] 

It is also important to consider the utilization rate of a vessel when calculating the cost of 
operating a ship. This rate is related to the time it takes to deliver the goods and services that 
the client requires. A shorter roundtrip time allows a transport company to have more trips 
in the same period of time. The time it takes for a vessel to pass through various locks and 
bridges is also a major factor that affects the cost of transporting a load. [55] [56] [57] [58] 
[59] [60] 

Another factor that can affect the cost of an IWT operation is the performance of the terminal. 
The performance of the facility can also affect the cost of transporting a load. In addition, the 
variable and fixed costs of a truck operation are also taken into account when calculating the 
PEH operation's cost structure. The various expenses that are included in the variable costs 
include fuel, maintenance, and road taxes. The cost structure of a PEH operation is also 
affected by the various factors that are related to the time and variable costs. On the one hand, 
this is the goal of the transport company to maximize the productivity of its staff and 
equipment, while on the other hand, it is also trying to minimize the cost of transporting a 
load. [55] [56] [57] [58] [59] [60] 

The goal of a PEH operation is to minimize the number of vehicle kilometers that are empty. 
This is done through the use of various methods such as drop-and-pick operations and stay-
with-trips. In these operations, the tractor remains attached to the semi-trailer during the 
unloading and stripping of a container. After unloading a customer's container, the 
combination of the truck and the container can drive back to the terminal. It can then return 
to the customer's location and load the container at the same address. The share of empty 
transport varies depending on the type of trip and the destination. In most cases, the fixed 
costs of this type of transport are higher due to the time it takes for the driver and tractor to 
load the container. [55] [56] [57] [58] [59] [60] 

After unloading the container, the tractor can then return to the terminal and pick up another 
semi-trailer. It can also move on to another shipper to fetch another container. Although the 
time and cost of this type of transport are lower than stay-with trips, the kilometer costs are 
higher due to the number of empty containers. This type of transport can also increase the 
share of empty trips. [55] [56] [57] [58] [59] [60] There are various types of equipment that 
are commonly used in container terminals. These include cranes, reach stackers, and mobile 
equipment. In most cases, container terminals have more facilities that are designed to 
support container transshipment. In addition, different types of equipment and configurations 
are also commonly used in different terminals. In order to analyze possible scale economies, 
we have included the factors that affect the cost of transshipment at IWT terminals. These 
include the land, equipment, and other expenses. [55] [56] [57] [58] [59] [60] 
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The cost differences between different terminals can be attributed to the different types of 
equipment they use. They can also be caused by various factors such as the size of the terminal, 
the development phase of the facility, and the service offerings of the terminal. In addition, 
government subsidies can also lower the initial investment costs of a new container terminal. 
For instance, in the Netherlands, the government provides up to 25% of the total cost of 
establishing a container terminal. [55] [56] [57] [58] [59] [60] 

The cost of establishing a terminal is also influenced by the location of the facility and the 
amount of land required for its construction. Also, local governments might impose 
restrictions on the operation of the terminal due to noise and air quality concerns. Severe 
weather conditions can also affect the efficiency of a container terminal's operations. For 
instance, if a vessel is late in arriving at the terminal due to delays in inland waterway 
transport, this can lead to additional waiting times for employees and equipment. [55] [56] 
[57] [58] [59] [60] 

Another factor that can affect the efficiency of a container terminal's operations is the volume 
of moves it receives. Since fixed costs are a large portion of the terminal's total operating costs, 
the number of moves can have a significant impact on the facility's cost per move. In this 
section, we analyze the cost structure of inland waterway transport. We then compare it with 
road-only transport. [55] [56] [57] [58] [59] [60] 

We then develop a cost model that takes into account the various factors that affect the cost 
of inland waterway transport. These include the distance traveled by the vessel, the driving 
distance, and the terminal handling and end-haulage operations. The cost comparison of the 
IWT chain and road-only chain is carried out by assuming that the chain is a so-called 
hinterland transport. This type of transport chain is commonly used by container terminal 
operators and is characterized by having only one truck driver. [55] [56] [57] [58] [59] [60] 

The costs of handlings at seaport terminals will vary depending on the type of equipment and 
processes used to put containers on vessels. Since the deep-sea line charges a flat rate for both 
types of handling, the costs of handlings at seaport terminals do not have to be included as 
part of the overall cost of inland waterway transport. The cost comparison of the IWT chain 
and road-only chain is carried out by assuming that the chain is a pure shuttle service. This 
type of transport chain is different from an IWT service, which involves collecting and 
distributing containers at multiple terminals in a seaport. [55] [56] [57] [58] [59] [60] 

Currently, most inland waterway transport (IWT) services have these features in their 
operations at seaport terminals. This type of transport chain is also considered as part of the 
base scenario of a facility's operations. The vessel used for inland waterway transport is 
typically a container vessel that has a cargo capacity of 208 TEU. [55] [56] [57] [58] [59] [60] 

The average load factor of a vessel used for inland waterway transport is around 70%. This 
figure is considered close to the minimum required to operate a profitable operation. The 
profitability of an IWT service is based on the operation model of continuous operations. This 
method takes into account the regular departure times of the vessels used for the operation. 
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This ensures that the costs of the service are not significantly affected by the vessel's idle time. 
[55] [56] [57] [58] [59] [60] 

The average time it takes to visit several ports to collect and deliver containers is around 10 
hours. This figure is affected by the time spent waiting at the terminals and the additional 
sailing time that the vessel has to take. The routes of inland vessels do not include low bridges 
and locks. This ensures that the transit time of the vessels does not include additional time 
passing these facilities. The cost of handlings at an inland container terminal is mainly 
determined by the performance of a medium-sized facility. In Northwest Europe, most of the 
inland IWT terminals have a capacity of up to 80.000 containers. [55] [56] [57] [58] [59] [60] 

The utilization rate of a container terminal is typically around 80%. This figure is considered 
a preferred rate of operation for container terminals as it allows them to handle peak volumes 
efficiently. The base scenario operations used to compare the costs of an IWT service, and a 
road-only transport chain are assumed to be based on the various representative chains. The 
chains are defined as those that have a sailing distance of 50 kilometers, 200 kilometers, or 
600 kilometers. One of the most common activities that an IWT service performs is to collect 
and deliver containers from a seaport to an inland terminal. This involves sailing from the port 
to the facility, unloading the containers, and returning them to the inland terminal. [55] [56] 
[57] [58] [59] [60] 

In road-only transport, the container is transported from the seaport to its destination in the 
hinterland. After completing its single trip, the container is stripped and delivered to the 
inland terminal. Road-only transport involves unloading the containers at the customers' 
Premise and returning them to the seaport. [55] [56] [57] [58] [59] [60] 

The results of the model show that for most operations, the cost of road-only transport is 
lower than that of an IWT service. The model also shows that for operations with a 600-
kilometer intermodal transport chain, the cost of this method is the most cost-effective option. 
The costs of single-trip operations are lower than those of road-only transport. However, the 
high PPH costs of road-only transport are still considered significant factors that can affect the 
cost advantage of IWT. [55] [56] [57] [58] [59] [60] 

The high PPH costs of road-only transport are also considered significant factors that can 
affect the cost advantage of IWT. In most cases, the low sailing costs of IWT are more beneficial 
than those of road-only transport. This is because the total cost of operations is significantly 
affected by the difference in trucking costs. The size of the load unit used by an IWT service is 
also considered a factor that can affect the cost competitiveness of the operation. For instance, 
if a 40-foot container is transported, the sailing costs will increase due to the additional slots 
required on the vessel. [55] [56] [57] [58] [59] [60] 

The costs of trucking a 20- or 40-foot container are the same regardless of the type of vehicle 
used. However, carrying two 20- or 40-foot containers is not allowed in most cases since the 
total gross weight of the container exceeds the allowed limit. The representative chains 
analyzed so far show that the IWT operations are carried out by a vessel that has a total cargo 
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area of 208 TEU. Although this is a common-used size, larger vessels and smaller vessels are 
also used. The decision about the size of the vessel is also influenced by the available container 
volumes and the physical limitations of the waterway. [55] [56] [57] [58] [59] [60] 

The cost performance of an IWT operation is shown in Figure 6 for situations where a vessel 
has a capacity of 90 TEU. Compared to other methods, such as road-only transport, IWT can 
compete well with this method at long and middle-distance distances. The road-only transport 
chain involves the truck waiting for the container to be stripped before proceeding with the 
other trips. This process can be similar to the IWT chain, but it can also make the truck more 
productive. The cost performance of these different operations is shown in Figure 2. The high 
share of environmental costs in the total chain costs of an IWT operation is considered a major 
factor that can affect the competitiveness of this mode. [55] [56] [57] [58] [59] [60] 

The savings achieved by drop & pick operations are shown in Figure 6. These methods can be 
very cost-effective for shorter end-haulage distances. In most cases, they can help improve the 
competitiveness of IWT operations. The features of a terminal are also taken into account to 
determine its cost performance. These factors include the land use, capital requirements, and 
labor needs of the facility. To evaluate the impact of these factors on the cost competitiveness 
of an IWT operation, different scenarios have been developed. [55] [56] [57] [58] [59] [60] 

The profiles of different types of terminals are labeled according to their handling capacity. 
For instance, the profiles for a small terminal are labeled as S-term, while those for a medium-
sized facility are labeled M-term. These types of facilities are commonly referred to as small 
terminals, which are simple and cost-effective to operate. The overview of these types of 
terminals in this annex shows that they can offer significant economies of scale. [55] [56] [57] 
[58] [59] [60] 

The share of handling costs that a terminal has to pay is also considered a major factor that 
can affect the cost competitiveness of an IWT operation. This issue is most prevalent in small 
terminals, which are usually under-utilized. Having sufficient throughput in these facilities can 
help make the IWT chain more competitive. The customer base of the freight transport 
industry generally believes that road-only transport is the best option for freight 
transportation in Europe. This is because it consistently delivers better quality of services and 
lower costs. [55] [56] [57] [58] [59] [60] 

In this paper, we present a model that can be used to compare the costs of road-only and IWT 
transport. The results of the study show that the claim that road-only transport is more 
competitive than IWT is not always accurate. The factors that influence the cost 
competitiveness of an IWT operation are also taken into account. The level of transport cost 
is also taken into account to analyze the sensitivity of various transport cost elements to an 
operation's operations. [55] [56] [57] [58] [59] [60] 

Through this method, it is possible to analyze the competitive position of IWT freight 
transport against road-only transport in terms of their costs under specific operations. This 
allows users to make informed decisions regarding their operations. The cost of end-haulage 
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is a major factor that can affect the competitiveness of an IWT operation. Compared to road-
only transport, roundtrips can significantly improve the profitability of an IWT operation. In 
certain cases, the share of handling costs that a terminal has to pay exceeds the share of sailing 
costs. This issue is most prevalent in small terminals. [55] [56] [57] [58] [59] [60] 

The ability to perform drop and pick operations in end-haulage is very important for an IWT 
operation's cost competitiveness. The increasing number of FEUs in the freight transport 
industry has significantly reduced the cost competitiveness of IWT operations. [55] [56] [57] 
[58] [59] [60] 

Although the break-even distance for intermodal freight transport does not exist, it is still a 
multi-point phenomenon. The study found that the ability to perform drop and pick 
operations in end-haulage and pre- and post-haulage significantly improves the profitability 
of IWT operations. However, the high cost of operations in small terminals can reduce the 
competitiveness of IWT. Further studies are also needed to analyze the various factors that 
affect the cost competitiveness of IWT operations. For instance, studies are also needed to 
analyze the range of distances that IWT can be cost competitive. [55] [56] [57] [58] [59] [60] 
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8 Environment protection in waterway transportation 
 

8.1 Inland waterways and environmental protection 

 

At the Prague Council in 2000, transport ministers from across the European Union agreed to 
develop a common approach to address the issue of sustainable transport policies. This was 
done in order to improve decision-making processes and to provide a framework for 
assessing the environmental impacts of various transport projects. This report aims to 
examine the various aspects of environmental protection when it comes to the maintenance 
and expansion of waterways. [61] 

This study aims to identify current and potential policy issues related to environmental 
protection and to suggest ways to improve decision-making related to the development of 
inland waterways. The study provides a basis for developing a strategy for improving the 
management of inland marine transport. It also addresses issues that will be presented at a 
conference in September 2006. The objective of the study was to identify and discuss the 
various approaches and challenges related to the protection of the environment in the inland 
waterway transport industry. [61] 

The CCNR is responsible for developing the regulations for inland navigation on the Rhine. 
The Convention on the Rights of Navigation on the Rhine was also updated in 1868. The 
Danube Commission's objective is to promote the freedom of navigation and the development 
of inland shipping. It is focused on ensuring that navigation channels are regularly maintained 
and are free from obstacles. The Danube Convention aims to provide for free navigation on 
the river Danube in accordance with the rights of the parties to it. [61] 

The objective of this organization is to promote the interests of navigation in the region by 
planning and implementing major projects. It also plans and reviews the proposals submitted 
by the member States. Establishing a uniform system of navigation regulations for the entire 
region. The Directorate General for Environment has powers to improve the quality of surface 
waters in the Union. The ICPDR works on issues related to the management of the Danube 
River and its tributaries. These include the protection of aquatic life and the development of 
inland waterways. [61] 

The Danube River Protection Convention was created in 1998. It is the main legal framework 
for managing the water resources of the river basin. The Commission aims to safeguard the 
river's water resources for the future generations. [61] 

In 2003, the Convention on the Protection of the Rhine was consolidated. This Convention was 
also adopted following the establishment of the Rhine Water Co-ordination Committee. The 
UNECE has various Committees responsible for overseeing various aspects of water 
protection. These include the Environment Committee and the Inland Transport Committee. 
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The Committee is responsible for carrying out environmental impact assessments and 
decision-making procedures. [61] 

 

8.2 Environmental Assessment Procedures 

Aside from being used as waterways, some of these systems also have other important roles 
such as supplying water for cities and towns, as well as helping preserve natural habitats. The 
development of inland waterways presents various challenges in terms of balancing the 
environmental impacts with the water management objectives of different users. Waterways 
are vital to the navigation of vessels. They must have certain characteristics such as depth, 
width, alignment, and current velocity to ensure their reliability and ecological character. [61] 

While the main environmental impacts will be identified during the project planning stage, 
their significance during the operation and construction phases can also be managed. SEA is a 
requirement for certain plans and programs that have significant environmental impacts. It is 
usually required at the level of planning and at the project level. The public has the right to 
have their opinion, and the results of the planning procedure are integrated into the overall 
plan or program. After the plan has been adopted, the public and environmental authorities 
are informed about the decisions and the way they were made. [61] 

Various environmental impacts are considered when assessing the effects of climate change, 
human health, the environment, and cultural heritage. The SEA Directive defines these issues 
as narrowly as possible. This tool can also be used to identify impacts that go beyond a 
project’s initial goals and procedures. It can also be utilized as an early warning system for 
potential issues. SEA is most effective when it is integrated into the planning process. This can 
be done in various stages of the planning process. [61] 

SEA is a tool that can be utilized to facilitate a decision-making process if it is linked to a 
planning decision. However, if the process is not linked to a decision, SEA is not required. Joint 
SEA is a way to overcome the limitations of national focus in addressing environmental 
assessment methodologies. It can help avoid duplication of efforts and reduce the costs of 
doing so. SEA exercises can also help develop effective methodologies and procedures for 
assessing the capabilities of non-government organizations. The Environmental Impact 
Assessment Directive (EIA) is a regulation that aims to identify and assess the effects of a 
project on the environment. It is often referred to as an impact statement. [61] 

For IWT projects, the objective is to minimize the environmental impacts of the project. The 
development alternatives identified during the planning stages can help minimize these 
impacts. [61] 

 
[61] Source: https://www.itf-oecd.org/sites/default/files/docs/06waterenv.pdf 
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9 Appendix 1: Survey Questionnaire 
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