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The food system and research subjects of transport geography are complex, and these do 

have interlinkages. Transportation system has fundamental aspiration for cost 

minimalization, which is achieved by facilities’ location and route selection, economies of 

scales, and by adapting technological innovations. Costs and time are very significant in 

transportation, while geographical distance is less significant, which however, is linked to 

energy consumption. Food production and consumption have long distances between place 

of origin and consumption locations. Environmental measures of food particularly 

emphasize the environmental impacts between nutrition sources and the low significance of 

transportation phase, when expressed with commonly used carbon dioxide. Transport 

geography instead indicates food, and its raw materials account for a considerable proportion 

of sea and road transport. Transportation is known to have significant negative 

environmental impacts, both direct and indirect. Cost effective transport makes financially 

viable to transport large quantities over long distances, which may have sustainability vice 

uncertainties. The aim of the research is to study transport distance’s magnitude in food 

system. The main research method is theoretical research, which is supported by quantitative 

and empirical observations. The results indicated that impacts from long-distance 

transportation on the food system may be more significant than recognized.  
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Ruokajärjestelmä ja liikennemaantieteen tutkimuskohteet ovat monimutkaisia ja niiden 

liitännäiset monivaikutteisia. Liikennejärjestelmän perustavanlaatuinen piirre on sen 

pyrkimys kustannusten minimointiin, sijaintien, reittien ja kuljetustapojen valinnalla sekä 

teknologisia innovaatioita hyödyntämällä. Kustannus ja aika ovat kuljetuksissa erittäin 

merkittäviä tekijöitä, maantieteellinen etäisyys sen sijaan on vähemmän merkittävä tekijä, 

vaikka se on vahvasti sidoksissa energiankulutukseen. Ruokajärjestelmässä alkuperä ja 

kulutus eivät kohtaa, näiden välillä on pitkiä välimatkoja. Ruoan ympäristövaikutuksissa 

korostetaan erityisesti ravinnonlähteiden erisuuruisia ympäristövaikutuksia ja 

kuljetusvaiheen merkittävyyden vähäisyyttä, kun yksikkönä on yleisesti käytetty 

hiilidioksidi. Tarkasteltaessa liikennemaantiedettä, ovat ruoan ja niiden raaka-aineiden 

osuudet meri- ja maantiekuljetuksista huomattavan suuria. Liikenteellä tiedetään olevan 

merkittäviä kielteisiä ympäristövaikutuksia, niin suoraa, kuin välillisesti. Edullinen kuljetus 

mahdollistaa suurten määrien kuljettamisen taloudellisesti kannattavasti pitkiäkin matkoja, 

joka voi olla kestävyysnäkökulmasta kyseenalaista. Tutkimuksen tarkoituksena on selvittää 

kuljetusetäisyyden merkittävyyttä ruokajärjestelmässä. Päätutkimusmenetelmänä on 

teoreettinen lähdeaineistoihin pohjautuva tutkimus, ja tukevina menetelmiä menetelmänä 

ovat kvantitatiiviset sekä empiiriset kirjallisuuteen pohjautuvat havainnot. Tutkimuksen 

perusteella ruokajärjestelmän pitkien välimatkojen kuljetusten vaikutukset voivat olla 

merkittävämpiä, kuin niiden mielletään olevan.   
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1  Introduction 

Transportation system has become highly effective in the past 200 years, mostly due to 

freedom provided by steam and combustion engines and later due to containerization and 

large vessels, high volumes in maritime traffic and relatively low energy cost per transported 

weight unit. The current transport system has been composed during the era without an 

understanding of resource efficiency and environmental sustainability. Road transport 

infrastructure is commonly built for public good and is publicly funded. Most vehicles are 

privately owned and operated. Users do not need to pay the full cost of the operating system, 

and once the infrastructure has been built it will be operatable for a long time and at a 

relatively low cost compared to the initial investment. (Rodrigue, 2009, p. 120.) Addition to 

transportation’s cost structure, transportation studies have paradigms nature. In 

transportation data audit and modelling methodology, models relationships based upon 

empirical data rather than complex relationships which are unsupported by both existing data 

and reliable forecasts. Without concordance between modelled outcomes for fuel and 

empirical fuel data, little confidence can be derived from the modelling process. (Apelbaum, 

2009.) 

Mathematical modeling challenges and empirical nature of transportation studies are caused 

by factors that Hensher et. al. (2004) explains: 

“Since transportation activities are essentially based on human behavior and 

mathematical models of human behavior are based on empirical surveys or 

observations. These mathematical models are not more valid than empirical 

studies, but they are valid for situations that are similar to those for which their 

parameters were estimated. Nevertheless, it is possible to transfer human 

behavior represented in mathematical models within certain limits to still 

unknown situations. In addition, mathematical models are the only method by 

which the effects of individual determining factors can be analyzed by keeping 

all other factors fixed.” 

 

Historical evolution is described to give background information of structure formulation 

and current features and issues. The Silk Road, where 6,400 km on-land route where high 

value, “luxury” goods such as silk, spices, gold, jade, tea, wines, and perfumes were 

transported. The capacity was limited, and relatively small-size luxury goods were only 

commodities that could be traded, due to added value being necessary after transportation 
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phase. Silk road trade was opposite to today’s international trade, where volumes are high, 

and products’ unit costs and transportation costs are low. As an example of transition, from 

the ninth century maritime routes emerged and undermined the Silk Road, since ships were 

less limited than caravans in capacity, larger quantities of goods could be traded. Ships were 

capable of transporting commodities faster and cheaper, and that led to the downfall of the 

on-land Silk Road by the sixteenth century. (Rodrigue, 2009.) 

Food transportation is one part of the transportation system. Food production center points 

and food consumption center points can be identified in the world, presented in chapter 4. 

Food logistics occur due to economic and cultural reasons.  

Previous studies support that consumption points have mostly tradition and cultural variation 

what comes to preferences. Consumer’s cultural values and preferences affect the demand 

for certain types of food. It is critical to notice that preferences tend to change over time. It 

is noticeable that  regions around the world have their own eating habits. Migration and 

multiculturalism create cross-cultural influences, and a rich and inspiring diversity of 

different restaurants and food offers. But at the same time there is the challenge of integrating 

diverse cultures, habits, values, and religions; for example, Christian, Islamic or Jewish 

cultures may have vastly different dietary habits and norms about food and eating. (Tischner, 

2010.) 

Geographical areas have different conditions for producing certain goods. Even if areas are 

producing high-yield crops, they may not be able to produce the same commodities. Food 

logistics takes place between these, and it may contain optimization potential for savings, 

both financial and environmental. The logistics system and infrastructure, on the other hand, 

are not as quickly adaptable as consumer preferences. Low-cost logistics facilitate 

transporting large quantities of goods over long distances in an economically profitable 

manner. Data is needed for evaluating alternatives. Jean-Paul Rodrigue has authored several 

books about transport geography, between 2006-2024, that describe fundamentals of the 

geography of transportation. The Geography of Transport Systems (2009) was a significant 

source for this thesis. Another valuable transport geography writing, written by Hensher et. 

al. (2004) was important to gain confidence about transport geography’s structures.  

Until the 1990s, environmental concerns had minor significance in transport infrastructure 

planning and operations and the need to compose a future transport system with an 
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understanding of environmental sustainability. Paradoxically, transportation geographers’ 

capacity for understanding the rapidly changing transportation environment has not been 

growing at the same rate as knowledge provision requires. A pressing need for transport 

geographers with the necessary skills to apply sustainability issues to transportation occurs. 

(Rodrigue, 2009, p.261.) 

In the global market era, also the origin of the food is barely known. Production 

circumstances are harder to determinate and the transportation system complexity is that 

high it can be barely studied. (Tischner, 2010.) 

Transportation does have interlinkages with multiple subjects. Most noticeable are vehicles, 

energy consumption, environmental factors, and land use. Each of these subjects has their 

own complex interlinkages Transportation is known to have, multiple linkages and overall 

effects, are not well known. (Rodrigue, 2009.) 

Transportation’s energy consumption is significant, and it is commonly accepted that the 

share of transportation’s worldwide energy usage is 20-30% from total, which comes mainly 

from liquid form fossil fuels (EIA 2023).  

Previous studies also suggest that transportation activities have identifiable system effects 

and integrating management plans and transportation planning helps to avoid unintended 

consequences and strive to maximize the desired “intentional” effects while minimizing 

“unintended” consequences. (Spernbauer et.al. 2022.) 

This study is a structured approach to transportation’s systems effects and its interlinkages. 

The study focuses on transportation system’s theory and investigating whether there is 

something that has not been recognized or is under or overestimated. The hypothesis is that 

transportation operations might have higher environmental effects than recognized, and total 

effects are not well known.  

Characteristically transportation is linked to land use, infrastructure, vehicles, and energy. 

Transportation itself is moving objects from point to point. It is energy and resource intensive 

and requires actively maintained complex systems to operate. Mandatory indirect 

transportation activities can include freight movements, where tasks such as order 

processing, packing and other preparations, sorting, transshipping activities, and inventory 

management. Transportation has four identified fundamental stages that affect the outcome: 

Stage 1 is structural ways, including spatial structures, culture, demographics, technology, 
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and economy. Stage 2 is policies and strategies. Stage 3 is measurement and accountability. 

Stage 4 is transitioning according to three previous stages. Transitions are consequences 

from combination of 3 first stages. (Bongardt et al. 2013.) In transportation studies a minor 

share, (less than 20%) of the traffic participants are considered to optimal data source for 

system performance and the lower precision of information presented to participants is 

sufficient and better for system performance. More than 20 percent of total had marginal or 

no improvement on data quality. (Litescu et. al. 2016.)  

This study contains seven main chapters. The transportation fundamentals based on literature 

is the core of the study. The first chapter is an introduction to the topic and describes the 

context and topic’s background information. The second chapter is research methodology. 

The theory part starts on the third chapter where relevant literature-based transportation 

fundamentals are presented. The fourth chapter is for transportation in a food system with 

related information in context. The fifth chapter is for system mapping and its usefulness in 

interlinked system studies. The empirical research, methodology, observations, and results 

are discussed in chapter six with research validity, uncertainties and relations with current 

literature and possible applications. Chapter seven concludes the study finds. 

Transportation is cost oriented business, and the main parts of transportation system 

infrastructure are publicly funded and underpriced for its users. The objective of this study 

is to identify transportation system’s effects, focusing on food system transportation, and 

produce recommendations for transportation system evaluation, which include recognized 

interlinkages and if they are scaled accordingly or underpriced. The research questions for 

this study are: RQ1: What interlinkages do transportation activities have? RQ2: What are the 

environmental effects of transport activities and mechanism behind them? Research 

questions are aimed at being answered by the creation of a list of observations and 

recommendations, discussed in chapters six and seven. The objective of the theory part of 

this study is to increase understanding of transportation. The research consists of a 

theoretical part and an empirical part. The target of the empirical part of the research is to 

gain confidence for theoretical framework. The methodology of the study consists of 

theoretical and empirical approaches due to transportation studies reliability benefit from 

empirical evaluation. Theoretical research consists of literature reviews, which forms a 

conceptual framework, and the empirical part consists of empirical evaluation, compared to 

transportation theories. A case example, the food system represents a complex interlinked 
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system. Food system is complex, and all phases are not well known, due to food is commonly 

produced and consumed in separate locations. This thesis will answer to what are the effects 

of transportation activities and are they scaled accordingly.  The research goal is to identify 

the effect causing phases in the transportation system and study how they are formulated. 

The expected result from this study is: hypothesis supported or denied. 

Study structure is illustrated in Figure 1. 

 

Figure 1. Research design illustration. 
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2  Methodology 

The main study frame of this study is theoretical research, which may not have immediate 

practical use. A goal is to increase understanding and gain perspective for transportation 

system affects in food system. The aim of the research is to inversely assess the impact of 

transport on the food system, based on the transport geography. The results are my own 

observations of literature, which focuses on quantitative data and empirical research. Since 

transport studies are known to benefit from empirical evaluation, the empirical part is also 

included and contains own observations about theory and literature. 

The research method is theoretical literature-based analysis to examine the effects of 

transportation systems. The study focuses on determining whether these effects are 

recognized, accurate and appropriately scaled. This is achieved by comparing observed 

impacts with established transportation theories, supported by the observation and analysis 

of quantitative data. The theory part’s objective is to describe the transportation system 

structure and effects with interlinkages and food system characteristics to increase the 

knowledge about transportation system’s effects in food system.  

2.1  Transport geography and food chain indictors 

Transport geography theory indicates that transportation related negative effects are very 

significant. (Caputo et.al. 2013). Transportation statistics indicate food is among the most 

transported goods worldwide (UNCTAD, 2023). Food chain environmental aspects are 

noticeably expressed with CO2 labels, which highlights the importance of production phase 

and transportation is a minor share of environment related harm in food chain (Poore, 2018). 

Transport demand and realized transportation are commonly expressed with simple units as 

tonne-kilometers (tkm) or other weight or volume and distance-based units (Rodrigue, 

2009). These units can be used for evaluating capacity needs and energy consumption. 

Transport system measurement is the direct outcome of transport activities and food system 

CO2 reporting is derived from system’s effects. 
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2.2  Demand and marketing mechanisms 

Since food demand and transportation are consequences of human behavior, this study also 

includes a marketing mechanism outlook about how the system is affected and could be 

adjusted by applying marketing management. Food commodities are placed in the marketing 

categories, which clarify how food could potentially be marketed. 

 

3  Transportation system fundamentals and structure 

Transportation is an event where objects travel in some mode of transport. “Travel is a 

phenomenon that takes place in both time and space.” (Hensher et. al. 2004, p. 293.) 

Transport represents one of the most important human activities worldwide. Transportation 

shape economic activities but is also shaped by them. Governments have a central part in 

transport as sources of investment and regulatory administration. While most transport 

investments relate to economic essentials, many have been constructed for other reasons, for 

example accessibility, economic policies, or national safety. Transportation is also a political 

tool. (Rodrigue, 2009, p. 5.) 

Hensher et. al. (2004) answers to question ‘What is transport geography and how does it 

affect?’ “Geography is that field of science concerned with the distribution of phenomena 

at or near the earth’s surface.” Geography studies and explains human and natural features 

and patterns and seeks to explain why these are located where they are. These features, 

especially natural features, are constant on the earth’s surface or change slowly over time. 

Transportation is the movement of goods and people between locations and transport 

systems used for the movement. Transport includes, for example, trade flows between 

countries and continents, commodity flows within each country, passenger flows in various 

modes, and factors that affect these flows. Besides that, movements within a single factory 

or building, for example, are not considered to be transportation. “For many years, transport 

geography was viewed as part of economic geography, but ties to this field are not nearly 

as strong as they once were.” (Hensher et. al. 2004, p. 13.) 
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Transportation systems support primary societal functions by facilitating the movement of 

everyday needs (CISA, 2025). 

Rodrigue (2009) explains transportation detailly. Transportation system is a combination of 

other systems. Transportation has some unique features. It can be scheduled and purchased 

in advance, but it must be utilized immediately. Transportation trades space and movement 

with time and money. Warehousing can be seen as transportation’s indirectly derived 

demand, and a stationary freight element, since it exists for a reason, it is unachievable to 

move required commodities instantly. Transportation transforms the geographical attributes 

of freight, people, or information, from an origin to a destination, aiming to gain added value 

in the process. A historical perspective on the evolution of transport systems highlights the 

consequences of technical innovations. Each new transportation stage is linked with 

adaptation of specific technologies. Revolutionary shifts are not common, but adaptation of 

the rail, the internal combustion engines and the jet engines being the most disclosing 

examples of major transitions in transportation. (Rodrigue, 2009, p.41.)  

Globalization and development in supply chain management and global production networks 

have caused locational changes for production and made the situation even more complex. 

The main goal of location selection is to reduce costs and maximize sales revenues. Location 

is a crucial element of revenue maximization and an obvious factor in cost minimization. 

Transportation seeks locations that minimizes transport costs. Classic industrial location 

theories emphasize transport-dependent activities that seek to minimize total transport costs 

with location selection. (Rodrigue, 2009, p.63.) 

When GDP grows, tons and distance of goods transported tend to increase. (Bongart et al. 

2013). Travel and transportation demand increases with GDP. According to historical data 

from 1950s to 2000s travel and transportation demand increased in all continents without 

showing decreasing after certain level of GDP per capita. (Schäfer et al. 2009.)  

Besides the advantages and fundamental needs of transport, its environmental consequences 

are also significant. Disadvantages include negative effects on air and water quality, noise 

level and public health. Transport is a dominant subject in contemporary environmental 

issues. Substantial empirical evidence indicates that the importance of transportation is 

growing. (Rodrigue, 2009.) 
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3.1  Transportation distances 

Transportation has fundamental concepts, which might be misused in some contexts. Most 

transportation may have wide access for users, but access is not accessibility. Access is a 

uniform attribute while accessibility is a relative concept. Other significant transportation 

concept is distance, where is important to know distance is not time – Distance tends to be 

interchanged with time when measuring the transport system performance, but it is a 

conceptual error. Distance can remain constant, and time can vary due to positive effects 

such as improved transport technology and negative effects such as unfavorable natural 

conditions. A simple and common way to express this relationship is speed, which is the unit 

of distance travelled per unit of time. Distance is geography’s uniform attribute, while time 

is relative. Transport distance expression is a combination of geographical units, cost, and 

time, where geographical distance is less relevant, but factors as costs and time are very 

significant. Transport distance is the distance, which have practical use, and determines later 

transportation activities. To avoid conceptual error, it is necessary to know transportation 

distance expressions, which are the Euclidean distance – A straight line between two 

locations, where distance is expressed in geographical units such as kilometers. It is 

commonly used to provide an approximation of distance, but almost never has practical use. 

The second, logistical distance – A complete set of tasks required to be done so that distance 

can be overcome. Including all tasks required to accomplish a movement between two 

locations. The third distance, transport distance – A complex representation of logistical 

distance, where also set of activities takes place, as an example loading, unloading and 

transshipment activities. Physical distance primary effect that limits spatial interactions. The 

cost of overcoming the friction of distance is one of the most important features of transport 

geography. Since the Earth is a sphere, especially in global scale transportation, the shortest 

path between two points corresponds to an arc linking two points on the great circle distance. 

Distance distortions of the globe are caused by projections on a flat sheet of paper, where a 

straight line on a map is not the shortest route. (Rodrigue, 2009, p.3-4.) 

The convenience of what can be done and how is called transportability. It refers to the ease 

of movement of subject in question. Transportability varies considerably due to 

commodities’ features, geographical location, and politics. Transportability has a significant 
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cost effect, which can be negative or positive. Goods that have high transportability have 

low transportation costs. (Rodrigue, 2009, p.1.) 

Transportation can be categorized by scale, there are three main transportation scales: local, 

regional, and global, which characteristics differ from each other. Global scale models are 

mainly water and air transport. Regional utilizes land transportation and coastal or inland 

waterway. Local mainly relies on road transportation. (Rodrigue, 2009, p.55.) 

 

Figure 2. Transportation scales (adopted from Rodrigue). 

Each scale has characteristic relations, nodes, and links. By defining the scale, other 

conclusions regarding the transportation activities can be made. Mode selection is mainly 

based on distance and time, local and regional are highly dependent on road transportation 

and global for sea and air transportation. In long-haul transport, goods are moved over 

relatively long distances between terminals or other facilities, which is time and energy 

consuming and requires more transportation capacity than shorter distance transportation 

would require. In average long-distance routes are more energy efficient per distance unit, 

than short distance transport is. Short-haul transport includes movements having their origin 

and destination in a relatively small-sized geographic area, which contains inefficient phases 

that have more significant meaning than their share of transported distance is. (Rodrigue, 

2009.) 

The last mile or “last kilometer,” which is the final phase of a distribution sequence in 

transportation network. The “last mile” applicable to the “first mile,” in reverse. It is 

commonly one of the most complex elements of the distribution chain to organize. 

(Gianpaolo, G. et al. 2013.) 
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3.2  Transportation barriers  

Basic identified constraints of transportation on-land, sea and air are topography, hydrology, 

and climate. Transportation barriers can be classified into two main categories: Absolute and 

relative barriers. Absolute barriers are geographical characteristics that entirely block a 

movement. They must either be bypassed or resolved by constructing specific 

infrastructures. A large pattern of water is considered as an absolute barrier for land 

transportation, and it can only be bypassed if a bridge or a tunnel is constructed. Vise versa, 

land masses are absolute barriers for sea transport, unless channels are constructed. Other 

barrier type is relative barriers, which are mainly geographical shapes that cause friction for 

movement. Topography is an example of a relative barrier that affects land transportation 

route selection, and consequently land transportation favors routes that have the least 

possible friction. For maritime transportation, relative barriers are straits, channels, or ice, 

which slow down the maritime transportation system but can be overcome. (Rodrigue, 2009, 

p.9-11.) 

 

Figure 3. Distance features of intercontinental canals (adopted from Rodrigue). 

Two main maritime canals provide significantly shorter sources for maritime transport. 

Canals, as Suez and Panama can provide access for shipping, but they may have tolls, which 

increases the cost, but is more affordable than an alternative route. Panama Canal shortens 

the rout between Atlantic and Pacific Ocean from 25 000 km to 8000 km and Suez from 16 

000 km to 10 000 km, alternative route for Suez between Euro-Asian trade, would be to go 
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around the continental of Africa via Good Hope. These are revealing examples of 

overcoming absolute barriers with engineering solutions. (Rodrigue, 2009, p.50.) 

3.2.1  Topography 

A topography can complicate, postpone, or prevent transport activities. Features such as 

valleys and mountains have major influence on the on-land transportation networks, they 

mainly terminate the cost and feasibility of transportation projects. The main land transport 

infrastructures are usually built on locations which physical impediments are lowest. 

Physical constraints can be absolute or relative barriers for the movements. Historically, 

progress to overcome barriers has been achieved by technological solutions, thus they never 

completely overcome them. Topography is transportation’s shaping factor and highways are 

restrained by grades higher than 3% and for railways the grade is 1%. Topography also 

influences water transport since port sites may not be available where needed and the 

location is not suitable for port infrastructure. Topography also affects the air infrastructure. 

Aircraft require airfields of considerable size for take-off and landing, which need to be plain 

and hold surface pressure caused by planes taking off and landing. (Rodrigue, 2009, p.9.) 

3.2.2   Hydrology 

Hydrology is the properties, distribution, and circulation of water. It has a particular effect 

on water transport. Maritime transport depends on the availability of navigation through 

waterways. Where barriers exist, water transport can only overcome these obstacles with 

commonly large-scale investments. The depth of channels may not be corresponded to 

support the size of vessels required. The geographical space that maritime transportation 

uses is mainly limited by absolute barriers. Roughly 70% of the Earth’s surface is covered 

by water, but the shapes of continentals prevent direct maritime access between major seas, 

the Atlantic and Pacific for example. Since significant share of maritime freight is 

transshipped, the location of ports is a central element in the structure of maritime networks. 

Hydrological conditions also affect land transport modes. Rivers can be barriers for cross 

river transport and overcoming require transferring to ferries or taking long detours to 

bridgeheads. Air transportation is not necessarily affected by hydrology, excluding the 



20 

 

indirect effects associated with large bodies of water and weather conditions. (Rodrigue, 

2009, p.9.) 

3.2.3  Climate 

The climate’s major components are temperature, wind, and precipitation. Climate impacts 

on transportation modes and infrastructure ranging from negligible to extreme. Freight 

movement can be seriously curtailed by hazardous conditions such as snow, heavy rainfall, 

ice, or fog. Climate affects transport systems in both direct and subtle ways. Climate has an 

influence over transportation networks by influencing construction and maintenance costs. 

Winter conditions, especially freezing bodies of water, slowdown shipments and ice 

breaking might be required. Climate also has subtle impacts that are of shorter duration. 

Snow, fog, wind, and rain may cause delays and disruptions. Back in the days of sailing 

ships, trade patterns were dictated by prevailing winds. After adaptation of combustion 

engines, the effect is less significant in maritime, but wind patterns still affect contemporary 

air transportation. For an aircraft, the speed of wind can affect travel costs. When the wind 

is pushing the airplane towards its destination, it can for example shorten flight times several 

hours for cross-continental flights. (Rodrigue, 2009, p.10.) 

3.3  Infrastructure 

Infrastructure is a combination of the basic physical and organizational structures and 

facilities needed for the operation of the system for example, transport (Cambridge 

dictionary, 2024). Transportation infrastructure consists of three main systems — Air 

systems, surface systems, and maritime systems. Air systems consist of airports, landing 

strips, air traffic control systems, support services and further connections. Surface systems 

consist of roads, bridges, pipelines, rail, transport hubs and distribution centers. Maritime 

systems consist of waterways, ports, and intermodal landside connections. The first 

investment in infrastructure is exceedingly high. After the infrastructure is built it needs to 

be maintained. Maintenance represents a significantly lower part of costs than building 

phase, but it will continue the whole life cycle of infrastructural construction. Refreshing or 

changing infrastructure prematurely causes extra costs. Waterways do not require lots of 



21 

 

construction themself, but mandatory related infrastructures, harbors and channels do. Ship 

fleet and its operation represent the major cost of waterway logistics, and water routes do 

not provide end-to-end routes in many cases. Other types of transportation, loading and 

unloading facilities are required to complete waterway transportation tasks and achieving 

end-to-end transportation services, shipment may have multiple mode switches before the 

shipment gets to its destination. (Bongardt, et al. 2013.) 

The transportation sector is dependent on communication systems and ability to control and 

monitor traffic to manage and route deliveries. Continuous energy supply is required to 

power stationary freight elements such as warehouses, distribution centers, and depots. 

(CISA, 2025.) 

3.4  Land use 

In land use, especially with infrastructure constructions, once build they are very slowly 

changing. From land use perspective scaled to human lifetime, these structures are 

permanent and change only incrementally. It can take decades or more than a hundred years 

to see the change. Facility locations change slowly. Typically, they exist longer than firms 

and institutions that originally operated them. (Hensher et. al. 2004.) 

Transportation infrastructures are a major component of worldwide land use, and noticeably 

in developed countries. The spatial differentiation of the economy is related to where 

resources sus as raw materials, capital, people, information, and favorable topography are 

and how these resources can be distributed. Transport routes are established to distribute 

resources from locations where there are surpluses to places where scarcity exists. That 

applies only if the costs are lower than the benefits. Consequently, transportation has great 

significance that affects global, national, and regional economic entities. The transportation 

system’s land-take can be locally and regionally significantly dominant, e.g., a single large 

multilevel intersection can take 25-50 hectares of land. Combinedly land use patterns of road 

transportation are significant especially among developed countries. In Western Europe, 

roads account for between 15 and 20% of the urban surface, while for developing countries 

the figure is around 10%, but it is counting. (Rodrigue, 2009, p.230.) 
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The land use is influenced by multiple factors that affect how land use decisions are made 

and the pattern or land use that evolves in a region or a nation. “First and foremost is 

transportation cost. Most of the well-developed body of theory regarding land use is based 

on the minimization of transport cost among locations whether for residential or commercial 

use.” While empirical support for that theory is undisputed, the reality of land use is not 

always in line with theory since institutions and social rules and structures also influence 

land use and transportation decision-making. Institutions are driven by cultural and societal 

objectives, and historical or evolutionary in nature, and thus are often not consistent with 

cost minimization principles. This is the reason that cost minimization theories only partially 

explain land use decisions and patterns. (Hensher et. al. 2004, p. 27.) Land use patterns vary 

around the world. The answer why it is so lies in the institutions and institutional barriers 

that guide the land use. At the deepest and most profound level, values and culture or 

informal institutions are majorly responsible for the pattern of land uses. (Hensher et. al. 

2004, p. 35.) 

Maritime infrastructure site constraints are significant. Containerization implies a large 

consumption of terminal space. A typical containership requires a minimum of 12 hectares 

of unloading space, and a draft of a minimum of 14 meters deep. Consequently, major 

container handling facilities have modified the local geography. Similar space and land 

usage challenges apply to container rail terminals. Infrastructures have both quantitative and 

qualitative requirements. They need to meet certain quality and volume requirements. Many 

developing countries cannot afford, e.g., containers handling infrastructures with local 

capital, including gantry cranes, yard equipment, road, and rail access, and so on cannot 

participate effectively in international trade. (Rodrigue, 2009.) 

3.5  Vehicle 

To understand the direct and indirect costs of transportation it is necessary to define vehicle 

and its interlinkages. For defining vehicle and its direct and indirect effects of the vehicle. 

Vehicle definition – Vehicles for moving goodies or people. Mode (vehicle) selection is 

made by using some short preferences or desires. Vehicles create direct and undirect 

recourse needs during manufacturing, usage, and disposal. Vehicles have six recognized 

system effects: (1) Vehicle is a manufactured object; (2) it is purchased by making decisions 
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to get a vehicle; (3) complex inter-linked other industries like energy, infrastructure 

construction, land usage; (4) framing lifestyle; (5) dominant in cultural structures; (6) impact 

to environment and resource wars. (Bongardt, et al. 2013.) 

The vehicle’s six identified effects described: 

1. Vehicle is a manufactured object; Manufacturing is a material and energy demanding 

process.  

2. Vehicles are purchased based on some criteria. Vehicle purchase decision is a trigger 

for material needs. Every decision affect to outcome of material and energy needs. 

Even tiny fixations in mind could cause unexpected effects. 

3. Vehicles have complex inter-linked other industries like energy, infrastructure 

construction, land usage; Input for material and energy production is the same as the 

1st one, resource demanding. No matter of the type of the vehicle, it creates 

infrastructure needs. Thus. Land usage depends on the preferred type of vehicle. 

4. Vehicles are framing lifestyles. Without vehicles, human living zones are around 5 

km radius (walking distance), and supply provision is limited to 50 km. Mainly 

topography, hydrology and infrastructure determinates what type of transportation 

can be used. 

5. Vehicles are dominant in cultural and economic structures, available vehicles, access 

and personal preferences are framing lifestyles. The type of accessible transportation 

depends on finances, preferences and infrastructure. 

6. Vehicles affect the environment and resource wars. Vehicles have both direct and 

undirect negative environmental effects. Vehicles are effective for moving objects. 

Which can have positive and negative impacts. Without vehicles large scale wars 

would not be possible. The same applies to mid- and long-distance transportation, it 

is fully dependent on vehicles. (Bongardt, et al. 2013.) 

3.6  Transportation modes 

Each mode of transportation has individual characteristics. They have their advances and 

disadvantages. Modal choice depends on several factors e.g., technology, availability, 
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preference, travel time and financial status. Among the defining factors of transportation 

mode are route, capacity, frequency, flexibility, costs, and distance. Freight transport is 

performed by the following modes of transport: train, truck, aircraft, ship, and pipelines. 

Some modes of transport do not allow an end-to-end connection between origin and 

destination and are used jointly with other modes, which are titled as intermodal transport, 

where commodities can be stored temporarily and then consolidated into different transport 

platforms. (Gianpaolo et al. 2013.) 

Figure 4 presents a modal split between transportation modes in 2000s in three significant 

economic areas, which are located on different continents.  

 

Figure 4. Transport modal split into three economic areas. (adopted from Rodrigue). 

The geographical size of these three areas differs. Japan is significantly smaller compared to 

United States and it completely misses transportation modes in statistical level, compared to 

EU and USA. In the USA, 409,000 miles of pipelines carry 17% of all ton-miles of freight. 

Distance is a core attribute of transportation, and it must be represented in a variety of ways, 

depending on circumstances, e.g., topography and hydrology. (Rodrigue, 2009.) 

3.6.1  Water transportation - Shipping 

In principle water transportation exploits the great freedom of water routes that cross oceans 

and rivers and lakes, which mainly is the case, but physical land barriers represent a 

particular problem for shipping. Oceanic routes are mostly in international waters and do not 

have cost for users. Ships can carry large volumes with small energy consumption and 
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minimal workforce requirements per cargo unit and shipping is a mode that can offer 

incredibly low rates compared to other modes. Mechanical cargo handling allows port 

turnaround operations to be performed in 24 hours instead of 3 weeks. On average it takes 

between 10-20 hours to unload 1,000 twenty-foot container equivalents of cargo with cranes, 

compared to between 70-100 hours for a similar quantity of general cargo. Traditionally 

shipping has had two major drawbacks, which are still relevant. It is slow, averaging 15 

knots (26 km/h) and delays are common. Delays of schedule frequently occur caused by 

loading and unloading activities in ports. These two drawbacks are especially present when 

goods need to be moved over short distances and time on sea is not a major part of the 

transportation’s duration time. The effectiveness of shipping is based on high volumes, 

minimal and rapid transshipment operations. Shipping achieves great economies of scale 

through the introduction of larger ships. The typical size of the dry bulk carrier is smaller 

than liquid bulk carriers or containerships, due to cargo density and slower loading and 

unloading at ports. By doubling ship’s size cost per unit is around 50% lower and 

containerization has led to 30% system-wide cost reductions. (Rodrigue, 2009.) 

Water transport by ship is used in international trade to send bulk materials (cereals, 

petroleum, coal) measured 99% in weight, and 50% in value. Waterway transportation is 

significantly less costly than air transportation is for transcontinental shipping. (Gianpaolo, 

G. et al. 2013.) 

3.6.2  Road transportation  

Through to history roads have been a support for local, mid- and long-distance travel. Road 

transportation is the dominant land transport system. Road vehicles require a roadbed. Road 

infrastructures are expensive to provide, but cost divergence varies from a gravel road to 

multi-lane highways with bridges and tunnels. Vehicles have the capability to climb 

moderate slopes, and physical obstacles are less important for road transportation than for 

other land transportation modes such as rail transportation. Most roads are built and 

maintained as public goods by governments; meantime majority of vehicles are owned and 

operated privately. Capital costs of road transportation are shared, and do not fall on one 

source as it does with rail, air, and maritime transport. The possibility to achieve scale 

economies in road transportation is limited due to the size limitations set by road 
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administration institutions, and by the technical and economic limitations. The main 

inconvenience of road transport is the limited capacity of trucks. Vehicles smaller than 

passenger vehicles (cars) have little to do with transportation. Anyhow, road transport does 

have significant advantages over other modes. The cost of road vehicles is minor compared 

to rail, sea, and air, which gives competitive advantages over the other modes. Low capital 

commitment also supports the adaptation of new technologies and innovations in the road 

transportation sector. The high speed of vehicles is another advantage of road transport. 

Speed limits are the main barriers for speeds. The most important feature of road 

transportation is the flexibility of route choices once the road network has been provided. 

The road transport has a special capability to provide end-to-end logistics service for both 

freight and passengers. No other transportation modes can provide the same level of service 

on the same scale. Road transportation has market dominance in short-distance trips, and it 

is a competitive option for mid- and long-distance trips. The drawback of road transport’s 

convenience is road transportation related problems. (Rodrigue, 2009, p.127-129.) 

Road freight transport is essential to both domestic and international trade, serving as the 

predominant mode for on land movement. In most regions, it accounts for over 80% of trade 

traffic, with nearly all goods transported by road at some stage of their journey. 

Consequently, the cost, efficiency, and reliability of road transport services are critical in 

determining the trade competitiveness of nations and subnational regions. Furthermore, road 

transportation has a primary significance in modern supply-chain management and the 

international division of workforce, facilitating movements of goods within economic 

networks. (Kunaka, 2013.) 

3.6.3  Railroad 

Rail transportation requires rail tracks for locomotives and rail cars to move, which are costly 

to provide since the construction of rail tracks and rolling stock are expensive. Historically, 

investments have been made by the same actor, typically either governments or the private 

sector. This investment expenditure must be paid before transport systems gain any revenue. 

That represents a significant entry barrier for rail transportation operation and limits the 

number of operators. Secondly, railway routing is affected by topography because 

locomotives capability to climb gradients is limited. For these reasons, railways either avoid 
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natural barriers, which increase travel times and costs, or overcome them by high-cost 

infrastructure solutions. An important feature of railway systems is the width of the rails. 

The standard gauge of 1.435 meters has not been adopted around the world. This makes the 

integration of the rail service challenging, since cargo load needs to be transferred from one 

railway system to another or bogies need to be switched. Railway transportation may not be 

an option since rail gauges are not the same around the world. (Rodrigue, 2009, p.129-130.) 

Characteristically rail transport is expensive to provide, inexpensive to operate, slow and 

quite reliable. Cargo and passenger trains use the same rails. Cargo convoys have low 

priority compared to trains transporting passengers, and therefore cargo trains commonly 

wait during trips. A railway convoy must include tens of cars to be worth operating. Train 

units with fewer cars are justified in operating for other reasons than economic revenues. As 

a result, the railroad is a slow mover of raw materials and of low valued bulky products. To 

keep the rail terminal transfer cost reasonable, it is preferred to ship multiple wagons loads 

of the same type of cargo. (Gianpaolo, G. et al. 2013.) 

3.6.4  Air transportation 

Air transportation has several unique characteristics compared to other modes. It has high 

energy consumption, and it is fast. Air transport uses air space and requires relatively small 

on-land facilities. It theoretically gives a freedom to choose routes. While air transport 

sounds less restricted than other modes, it is surprisingly more limited than what could be 

supposed. Physical conditions, mainly jet streams set boundaries, and aircraft seek to exploit 

or avoid them by flying upper atmospheric to maintain travelling speed and reduce fuel 

consumption. More limitations are caused since specific corridors have been established to 

facilitate navigation and safety or for political reasons. Over-fly may not be allowed, and an 

alternative route is typically longer. Technology development has allowed aircraft transport 

to 100 tons of freight and have the range of trips of up to 18 hours duration. The speed of 

commercial aircraft has not progressed since the supersonic speed was anticipated in the 

1960s. Thus, cargo flights do not achieve supersonic speed. (Rodrigue, 2009, p.136-137.) 

Air is the most expensive mode of transport, followed by road, rail, pipeline and water. 

According to statistics, transport by truck is approximately seven times more expensive than 

by train, which is usually four times more costly than by ship and by pipeline. While air 
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transport is in principle very fast the cruise speed of commercial flights is around 0.8 Mach 

(980 km/h), it is slowed down in practice by freight handling at airports. Consequently, air 

transport is not competitive for short and medium-haul shipments, cargo capacities of aircraft 

are limited compared to trains and ships (Gianpaolo, G. et al. 2013.) 

3.6.5  Pipelines 

Pipelines are an significant and extensive mode of land transport. Pipelines are built for a 

specific purpose only to carry one commodity. The slowness, 5– 6 km/h, is compensated by 

continuous provision and system’s reliability. Dominant products in pipeline traffic are oil 

and gas, but pipelines are also significant for transporting water. Otherwise, pipelines have 

truly little to do with food related transportation. (Rodrigue, 2009, p.130-131.) 

3.7  Logistics and traffic 

Logistics are functional activities determining the flow of materials and relative information 

from origin to delivery destinations. (Ghiani, 2013). Traffic is a combination of ongoing 

activities of fulfilling transportation needs. Traffic is connected to other systems with 

complex effects. (Rodrigue, 2009.) 

 

Figure 5. Illustration – Traffic. 

Traffic is location specific transportation flow – Transportation activities in certain place of 

infrastructure. The definition of traffic is the accumulation of vehicles that use infrastructure 

for means of travelling from place to place. During transportation capacity interferences, 
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delays occur when the capacity limit is reached or exceeded. That is the case for most high 

population density areas, which are commonly located close to major transportation hubs. 

When the capacity of infrastructure is exceeded, transportation duration and cost increases. 

In urban areas moving times in traffic congestion have not improved in 100 years, and traffic 

flows travel the same speed as they did in horse carriage era. In big urban areas, such as 

London, road traffic in the 21st century is actually slower than it was 100 years ago. 

Infrastructure provision has not been able to keep up with the growth in the number of 

vehicles, even less with the total number of vehicle-km. (Rodrigue. 2009, p.17;248.) 

Transport hub usage follows on “hedonic approach,” which means the system adjusts for 

changes in the quality of a product. Attractiveness of the hub defines its level of usage. A 

problem associated with hedonic indices is defining and quantifying the factors that should 

or should not fall into a hedonic index’s comprehensive specification. The nature of transport 

hubs’ attractiveness measurement is multicollinearity, and it can be a serious challenge when 

many variables are entered into a model. Variables may correlate, but it is unclear do they 

have cohesion. Another problem of specifying an econometric model in the field of 

transportation is causality. Fully specified system models are rarely possible to execute due 

to models’ complexity and data limitations. (Hensher et. al. 2004, p. 77.) 

3.8  Transport data 

Commonly accepted units are necessary for measurements, data collection and management. 

Before S  system measurements were inaccurate and factors as current king’s foot were one 

of defining factors. The International System of Units (SI) is commonly known as a metric 

system that originates from 1799 and has been kept up to date. Besides reliable measurement 

systems, possible inaccuracies are potential misuse or sometimes SI system is not used, and 

some quantities do not fit exactly to SI standard. (Foxwell, 2020.) 

GPS technologies can provide data for uncertain phases. GPS utilization on a meaningful 

scale, allow to follow realized routes detailly. GPS especially enables tracking the origins of 

products. Also, simple, and affordable radio frequency identification, RFID, tags can be 

utilized to locate products or batches during transportation processes. (Tischner, 2010.)  
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Privacy issues are valid concerns with detailed information. A revealing out of context 

example is from corporate social responsibility book, which describes a situation where a 

service provider offers events and a person goes to a gay party and then goes to swinger’s 

party, they may not or will not want to be associated to gay party in public. This is an example 

of how data is useful for its owner. Similar privacy issues may occur if some label has 

suspected of having green wash effect. Data indicates how their customers will likely act. 

Service providers know their customers are likely willing to pay extra for secured privacy. 

But also, if unfavorable information leaks, it may decrease sales. (Chandler, 2020.)  

What is data and what makes data good or bad – Data can be a collection of symbols 

representing a set of measurements or observations for some occurrence or event. Data can 

be purposefully collected or collected “accidentally” without an intention to collect it for 

specific purpose. Data summarizes and visualizes meanings and relationships. Poor planning 

or poorly designed study leads to difficulties, needs for interpretation and delays for 

producing relevant results. Missing data is failure to understand the meaning of data items. 

(Foxwell, 2020.) 

3.9  Transportation costs 

The cost is a main way to express transportation activities. However, a study of Choi (2014) 

indicates that transportation distance contains and can provide more information than 

transport costs. Urban distribution’s share of transport costs can increase such high that it 

does not make major transport cost difference between local and far grown products.  

The cost of transportation varies, and mode selection is done, not only availability, but 

distance and capacity. Figure 7 visualizes cost and distance relationship between modes of 

transportation and is highly affected by technological solutions. (Rodrigue, 2009, p.170.) 
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Figure 6. Cost versus distance between modes. (adopted from Rodrigue). 

Maritime transportation is the most cost-efficient transportation mode for large quantities in 

long distance trips, but it cannot be competitive with road transportation in on-land 

transportation and short and mid-range distances. Air is not a competitive mode if time is 

not included. The geographic location of economic activities defines transportation costs and 

the monetary costs of distance. Some transportation modes, ships, and planes for instance, 

are very costly to own and operate. Geography is involved in distance and accessibility. 

Distance is commonly the condition that affects transport costs. The more difficult it is to 

trade space for a cost, the more the friction of distance needs to be included in costs. Long 

distance transport’s unit cost is commonly low for bulk products and high for air freight.  

Landlocked countries and inland locations typically face significantly higher transport costs, 

about double since direct maritime transportation access is missing. (Rodrigue, 2009, 

p.99;170.) 

Transportation’s distance has several types of effects. Linear effects of distance – Transport 

costs increase corresponding to distance. Fuel consumption is a direct function of the 

distance travelled and can be included in this category. Non-linear effects of distance – 

Freight distribution costs grow non-linearly with distance and involving distribution 

problems, where costs increase as a combination of multimodal linehaul and terminal costs, 

without involving distance, the cost can increase as an effect of loading or unloading cargo 

in transshipment operations. The type of product affects transportation costs via 

transportability. Multiple product types require packaging, special handling, or are bulky or 

perishable. Bulk is a commodity that is more convenient to transport and can be transshipped 

using rudimentary equipment, unlike commodities that require temperature-controlled 

storage facilities. Costs are commonly a function of the value to weight ratio and the level 

of risk associated with the movement (Rodrigue, 2009, p.99-100.) 
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According to BTS (2024) the value/weight ratio of cereal grains is 0.12 and for comparison 

0.35 for fertilizers. Most revealing examples are 50 for pharmaceutical products and 0.01 for 

gravel and crushed stones. 

3.9.1  Transportation’s cost elements 

Transportation consumers excessive amounts of energy, especially oil. Around 60% of all 

global oil consumption is attributed to transport activities. Transport typically accounts for 

about 25% of all the energy consumption of an economy. Air transport is particularly 

susceptible to fluctuations in energy prices, and shipping is opposite. Another condition, 

economies of scale affecting transport costs is related to possibilities to apply larger 

quantities transported, the lower the is the unit cost. In economic sectors where freight 

expenses make up a minor portion of overall costs, fluctuations in transportation costs have 

minor impact on transport demand. That applies mostly to products that have a high value-

weight or volume ratio. Meantime overall at the international level, doubling transport costs 

can reduce elastics trade flows around 80%. The lower the transport cost is, the more 

frequent the movements are, and more transportation activities will take place over longer 

distances. Bulk commodities such as grains are highly suitable to obtain lower unit transport 

costs when they are transported in large quantities. A similar principle also applies to 

container shipping, where larger containerships achieve lower unit costs.  

Doubling a ship’s size reduces transport costs by 50% per unit. Currently physical size limits 

have met, port operations limits vessel sizes. Trade imbalances raise transportation costs and 

environmental harms. This is the case for container transportation since unbalanced trade 

causes need for containers empty travel, which takes the same amount of space than a full 

container and takes the same amount of time to be transshipped. While empty containers are 

not generating any income but convey a cost that must be assumed somehow and must be 

considered in the total transport costs. The same condition applies at the national and local 

levels and other transporting vehicles, since freight flows are often unidirectional, implying 

empty movements. Due to a divergence between global production and consumption, it is 

uncommon to see an equilibrium in the distribution of containers, and about 2.5 million 

empty twenty-foot equivalent unit, familiarly 6-meter containers, are stored in yards and 

depots. The largest types of container vessels are capable to carry around 20,000 TEUs of 
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containers, and worldwide empty travel of containers will theoretically need 125 mega vessel 

loads of empty containers to transship. Consequently, if the trade balance is negative 

transport costs for imports tend to be higher than for exports. (Rodrigue, 2009, p.102;149.) 

Transportation entry costs obtain by operating at least one vehicle in a transport system. 

Notably in maritime, rail and air transportation entry costs are tremendously high, while in 

trucking they are modest. The transport time component is important to take into 

consideration as it is associated with the transportation costs, specifically since logistics 

involves cost and time management. The efficiency and capacity of transporting vehicles 

and transshipping hubs have a direct impact on transport costs. Bad infrastructures cause 

higher transport costs and delays, which have future negative economic consequences. 

Highly developed transport systems generally have lower transport costs since they operate 

reliably and can handle more movements per time unit. Quantity of tonne-km is often 

dependent on the modal supply – capacity of the routes and vehicles, and for air and maritime 

transportation, transport supply is strongly influenced by the intermodal supply, which crate 

terminal capacity needs. Infrastructure costs include construction and maintenance costs of 

facilities such as piers, runways, cranes, structures, and warehousing facilities, which are 

mandatory for the logistic chain. As a consequence of globalization, which is linked with 

economic specialization seeking the most affordable location, larger quantities of freight are 

transported over longer distances. Transport costs must be considered to be partly subsidized 

since public sector involvement is especially present in the provision of transport 

infrastructures. Especially roads, are mainly and extensively funded by governments. In 

addition, government control and direct ownership are notable for rail and air transportation 

in most countries. (Rodrigue, 2009, p.104-108) 

3.9.2  Transportation’s time elements 

A simple statistical way to measure and express transport supply and demand for freight is 

a tonne-km (or ton-mile), which is an expression for the realized freight transport demand. 

Although tonne-km is most used to measure realized demand, the measure can equally apply 

for transport supply. Changes in transport costs have different consequences between 

transportation modes, but transport demand tends to be inelastic. Realized transportation 

demand is the traffic that actually takes place, which varies. The main elements of 
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transportation time structure are physical distance, topography, hydrology, climate, and 

natural hazards. Transport demand is fulfilled by the adaptation and evolution of transport 

techniques, vehicles, and infrastructures to changing needs. Terminal operation costs beside 

have reduced significantly, and an average containership takes around 750 person-hours to 

be loaded and unloaded. Before containerization it would have taken 24,000 person-hours. 

Modern cargo handling equipment allows cargo ships to be handled effectively, and ships 

spend less than two days in port on average. Railroad transportation has benefited from the 

containers freight yards activities are handled in a matter of hours instead of days. Effectivity 

of facilities and transportation modes improves the effectiveness of transportation system. 

The growing complexity of economies and societies linked with technological changes 

forces the transport industry to make constant changes. Generally, transport demand is 

variable in time and space, and transport supply is fixed once capacity has been built. 

(Rodrigue, 2009, p.105;170.) 

 

Figure 7. Transportation supply demand function (adopted from Rodrigue). 

Transport cost and traffic have a connection. When costs increase, traffic decreases and vice 

versa. Another dependency is transport cost and supply. (Rodrigue, 2009, p.108.) 

Transportation modes have diverse selections of maximum capacities. A capacity 

performance comparison for selected freight modes is a converted table of modes from one 

mode to truckloads, which is one of base modes in road transportation. Other modes 

commonly do not reach the end destination of the trip without road transportation. (Rodrigue, 

2009.) 
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Figure 8. Transportation performance comparison by mode (adopted from Rodrigue). 

The other mods are larger in capacity, compared to truck loads. The truck is the only mode 

which is not limited to fixed routes and specific stops (Rodrigue, 2009, p.128). 

The importance of time has been increasing in transportation. Traditionally it has been 

distance, which matters the most. Transport costs have decreased through space/time 

relationship, and the value of time has increased correspondingly. (Hesse; Rodrigue, 2004.) 

3.9.3  Interlinked impacts of transportation 

The external impacts associated with air pollution and noise are noticeable for truck traffic, 

while congestion and accident-related costs are dominant for vehicles smaller than trucks. 

Road freight transport is especially a large contributor of particulate matters, and multiple 

types of air pollutants, which are believed to be responsible for premature deaths and impose 

additional costs on physical structures in terms of the increased need maintenance of 

buildings (Bjorner. 1999.) The impact of transport on energy consumption is diverse, 

including factors necessary for the provision of transport facilitation, including vehicle 

manufacture, maintenance, and disposal. The vehicle related energy usage during its 

lifecycle varies and depends on vehicle’s characteristics, material used, and vehicle life 
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cycle, which refers to the energy spent on manufacturing and recycling vehicles. Vehicle 

operation mainly involves the energy used to provide power for vehicles and vehicle 

maintenance. Transport infrastructures include infrastructure construction, building of roads, 

railways, bridges, tunnels, terminals, ports, airports, and infrastructure maintenance. They 

have a direct relationship with vehicle operations since extensive networks are associated 

with substantial amounts of traffic. Administration of transport business must be included in 

the total energy consumed by the transport sector. The expenses involved planning, 

developing, and managing transport infrastructures and operations that involve capital, skill, 

and time. The fuel production processes include, exploring, extracting, trade, refining and 

distributing fuels, and generating and transmitting energy also require their own processes. 

As a generalization, the costs of hauling commodities by ship, rail, road, and air can be 

compared by expressing the costs to a common unit – energy use per unit of transport 

provided. The comparison must be executed carefully. The actual tonne-kilometers cost of 

transportation is influenced by various variables, such as distance, characteristic of route, 

load filling rates, and terminal charges. To be accurate, fuel efficiency, traffic congestion 

levels and environmental externalities’ effects must be also included. (Rodrigue, 2009, 

p.262.)  

3.9.4  Transportation’s energy sources 

Freight transportation is dominated by rail and shipping, measured in weight and volumes, 

these are the two most energy efficient modes. As a comparison a tow boat moving 

commonly 15-barge tow contains the equivalent of 225 rail carloads or 870 truckloads. 

According to the measurements of The United States Marine Transportation System 

National Advisory Council, a tow boat can transport one ton of cargo 857 kilometers with 

(one gallon) 3.785 liters of fuel. The same amount of fuel can move 337 kilometers of rail 

cargo and 98 kilometers of highway cargo. This gives some indication of fuel consumption 

between transportation modes (Rodrigue, 2009, p. 263.) 

Petroleum products account for 95% of the transport’s energy sources. The increase in oil 

demand mainly comes from growth in transportation demand. Economists have 

demonstrated that fuel oil is price inelastic, higher prices result in marginal changes in 

demand. The transportation sector is dominantly operated with oil-based energy products, 
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where the oil is a main source of energy. Except rail transportation is using electrical power. 

Thus, the source of electricity depends on the grid mix, which commonly contains fossil 

fuels. (IEA, 2018.) 

 

Figure 9. IEA (2018), "World energy balances". 

A source of fuel does not change a transportation system characteristic necessarily. Low 

carbon fuels cut carbon dioxide emissions by 10%, compared to regular fuels (Huseynov 

et.al. 2018). 

3.9.5  Transportation, energy, and environment  

Among developed countries, transportation accounts for 20–30% of all the energy being 

consumed. Energy consumption has become a major focus of the global economy. Energy 

is the potential that allows movement and/or modification of matter. The correlation between 

energy consumption and the level of economic development is strong. The volume of 

maritime tonne-kilometers tended to rise with GDP growth. (ITF, 2008.) 

Large-scale long-distance transportation of food consumes large quantities of fuel. It has 

been estimated that around 10 kcal of fossil energy is used into food system for every 1 kcal 

of energy that food contains. (Foodwise, 2025.) 
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Figure 10. Volume of World Agricultural Trade, 1961-2000. (Halweil. 2002.) 

Agricultural trade tons have been continuously increasing since the 1960s. Figures 10, 11, 

and 14 visualizes the trend in global food trade during previous decades. Imports and exports 

have grown and there are countries which export and import substantial amounts of food. 

(Halweil, 2002.) 

As Lun et. al. (2021) presents, a few commodities dominate in the transport market, 

measured in weight. Major transportation flow is soybeans from Brazil to China. 
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Figure 11. Food trade flows in 2014. (Adopted from Lun. et al.) 

The largest trade flows are intercontinental flows. Wheat, soybeans, and other cereals are 

the main trade commodities, measured in weight (Lun et. al. 2021). 

In addition, fertilizer flows are opposite. Substantial quantities of fertilizers are transported 

from countries that import food to countries that produce and export food. China is the main 

importer of foods and one of the main exporters of fertilizers. United States, Canada and 

Russia exports both, food, and fertilizers. (Kee et. al. 2023.) 
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Figure 12. Fertilizer exporters. (Kee et.al. 2023.) 

Russian exports are long-distance exports and in 2020s current political situation will likely 

keep Russian wheat and fertilizers out of the European markets and the focus will stay on 

long distance exports. (Kee et. al. 2023.) 

The largest of global agricultural trade flows is from Brazil to China, which is largely 

soybeans and accounts around two-thirds of global soybean trade. The second largest stream 

is in EU28 countries, where about two-thirds of it is  uropean Union’s internal trade. That 

accounts significantly less total tonne-kilometers than the trade between Brazil and China. 

Modes differ between these two main trade flows. Because of geographical conditions, 

European internal trade utilizes more road transport, while soybean transportation is done 

by maritime transportation. Third largest trade flow is wheat and other cereal trade from 

United states to multiple locations. It is important to notice that these three main trade flows 

are still a minor of global food transportation flows. A major share of food transportation 

comes from minor flows. Abbreviation ROW stands for rest of the world. Other codes are 

international country codes. (Lun et. al. 2021.) 
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Figure 13. International agricultural trade flows 2014. (Adopted from Lun. et al.). 

In North America, data is widely available, and it has been researched before being eaten, 

food travels long distances average of 2,500 km in Canada (Equiterre, 2022). An estimate is 

that processed food in the United States is transported approximately 1300 miles, (2000 km), 

and fresh products over 1500 miles, (2400 km), before being consumed. (Hill, 2008.) 

Food miles represent the distance food items travel from production to consumption, serving 

as an indicator of environmental impact. Energy usage and emissions can be derived from 

food miles. They are measured in ton-miles or tonne-kilometers (tkm). Total number of food-

miles is calculated by multiplying the distance traveled by the mass of the transported food 

(European Commission, 2023.) 
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Production of food that comes from another continent may have unknown production 

conditions. Including long hours, low pay, poor job security and conditions, and 

environmental issues, such as rainforest loss. To maintain quality requirements for food 

during the transport and storage period, distribution facilitation is needed to ensure 

attractiveness of goods upon arrival. Transported food is packaged, and in some cases, 

overpackaged. Packing requires substantial amounts of plastic and cardboard – which means 

food industry accounts for 70% of all packaging. (Equiterre, 2022.) 

Land transportation accounts for most of the energy consumed in transportation. Road 

transportation consumes about 80% of the total energy used by the transport sector. Fuel 

costs for the trucking industry account for around a third of its expenses. In land transport, 

the road is mainly responsible for additional energy demand over the past decades, and the 

market share of freight and passenger transport has increased. Rail transport is capable of 

transporting twice as much cargo as road transportation is, with 1 kg of oil equivalent energy 

amount. Rail transport accounts for 6% of global transport energy demand. Maritime 

transportation accounts for 90% of cross-border world trade as measured by volume. The 

nature of water transport and its economies of scale make it the most energy efficient mode. 

This mode uses 7% of all the energy consumed by transport activities. Air transportation has 

an integral part in the globalization of the transportation network. The aviation industry 

accounts for 8% of the energy consumed by transportation. Air transport’s high energy 

consumption is linked to high speeds. Fuel is the second most important budget for the air 

transport industry accounting for 13–20% of total expenses. The relationships between 

transport and the environment are complex. Over time the impact of transport on the 

environment has been increasing and this brings into question how relationships could be 

better managed. The environment has continuously had a constraining effect on the mobility 

of people and goods. Detailly, transport operations, freight and passenger movements, 

maintenance activities and the construction of equipment have led to major environmental 

impacts. (Rodrigue, 2009.) 

The transportation sector is increasingly linked to environmental problems. The 

environmental effects of transportation are most notably air pollution, CO2 emissions, noise 

levels, water and soil quality, biodiversity loss, and land consumption. Rodrigue (2009) has 

listed the negative effects of transportation: 
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1. “Air quality. Highway vehicles, marine engines, locomotives, and aircraft are the 

sources of pollution in the form of gas and particulate matter emissions that affect 

air quality, causing damage to human health.” Toxic air pollutants are associated 

with slowly evolving diseases. 

2. “Noise represents the general effect of irregular and chaotic sounds. It is 

traumatizing for the hearing organ and may affect the quality of life by its 

unpleasant and disturbing character. Transport noise emanating from the 

movement of transport vehicles and the operations of ports, airports and railyards 

affects to health, increasing noise levels have a negative impact on the 

environment reflected in falling land values and loss of productive land uses.”  

3. “Water quality. Transport activities have an impact on hydrological conditions. 

Fuel, chemical and other hazardous particulates discarded from aircraft, cars, 

trucks and trains or from port and airport terminal operations can contaminate 

rivers, lakes, wetlands and oceans. Globally, world seaborne trade grew from 2.6 

billion tons in 1970 to over 7 billion tons of loaded goods in 2006. Because 

demand for shipping services is increasing, marine transport emissions represent 

the most important segment of water quality inventory of the transportation 

sector. The main effects of marine transport operations on water quality 

predominantly arise from dredging, waste, ballast waters and oil spills. “ 

4. “Soil quality. The environmental impact of transportation on soil consists of soil 

erosion and soil contamination. Coastal transport facilities have significant 

impacts on soil erosion. Shipping activities are modifying the scale and scope of 

wave actions leading to damage. The removal of earth for highway construction 

or lessening surface grades for port and airport developments have led to 

important loss of fertile and productive soils. Also, nearby land is affected by 

land constructions. Soil contamination can occur through the use of toxic 

materials by the transport sector. Tires wear on road and fuel and oil spills from 

motor vehicles are washed off roadsides and enter the soil. Chemicals used for 

the preservation of railroad ties may enter the soil. Hazardous materials and 

heavy metals have been found in areas contiguous to railroads, ports and 

airports.” 

5. “Biodiversity. Transportation also influences natural vegetation. The need for 

construction materials and the development of land-based transportation has led 

to deforestation.”  

6. “Land take. Transportation facilities have an impact on the landscape. The 

development of port and airport infrastructure is an especially significant feature 

of the urban and peri-urban built environment. Major transport facilities can 

affect the quality of urban life by creating physical barriers, increasing noise 

levels, generating odors, reducing aesthetics and affecting the built heritage. –  

Additional effects such as accidents and the movement of hazardous materials 

must be included.” 
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3.9.6  Monetary values to environmental externalities 

The relationship between transport and the environment is complex and multidimensional. 

Determining monetary values on environmental externalities is increasingly considered to 

be justified. Externalities are complicated to measure, and broadly accepted values are 

complicate to provide. Considerable variations in estimates between studies exist, due to 

variations on types of use, vehicle type, weight, speed, fuel consumption, and operational 

conditions affect to values. Also, the economic evaluation of the costs of pollution is 

controversial. The applied process involves quantifying emissions, estimating their spatial 

concentration, assessing their impact, and converting them to monetary values. The most 

used approaches are to measure the loss of wealth and assess the cost of restoration. The 

main external costs came from climate concerns, air pollution, congestion and traffic and 

transport accidents. High level of uncertainties underlies the calculation of transport 

externalities. The economic assessment is applied to transportation by fiscal incentives or 

taxes related to environmental externalities with the view that resulting environmental 

protection outweighs the utility loss, which increases the price of transport services. It is 

widely accepted that vehicle users pay a small proportion of the actual costs of their vehicle 

use. The issue is the political difficulty of imposing an effective amount of additional costs 

on the public and collecting these costs. One of the simplest and commonly used methods is 

to tax fuels. (Rodrigue, 2009, p.300-301.) 
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4  Transportation in food system 

Transportation modes have characteristic time-space patterns. The relationship between 

space and transport time changes significantly depending on the transportation mode used. 

Historically agricultural commodities have been locally produced and consumed. Before-

1800s, the transport technology was limited to wagons and harnessed animal labor and, while 

maritime was depended on winds. The transported quantities were very limited and so was 

the speed, 8-15 km/h on land and slightly above for maritime. Historically, the provision of 

cities perishable agricultural commodities was limited to a radius of about 50 kilometers at 

most and rural areas typically consumed locally produced commodities from a smaller range. 

GDP and income growth are linked to an increase in long-distance transportation. Several 

factors contribute to the growth in total such as sustained economic growth, increase in 

income and quality of life, underprized transportation, and consumer’s choices. Most road 

infrastructures are subsidized as they are considered to be a part of public service. 

Consequently, like the “Tragedy of the Commons,” when a road resource is free of access it 

tends to be overused. Infrastructure causes losses in space, which refers to available land, 

and the environment, cleanness, and quietness (Rodrigue, 2009, p.41-42.)  

The adequacy of indicators has been under debate. Information about local or imported food 

products generating higher environmental impact is inconclusive. Studies indicate that goods 

sourced by large retailers use global supply chains and transport distance can be thousands 

of kilometers before being consumed. Environmental cost of food transport is inadequately 

internalized. (Caputo et.al. 2013.) 

In terms of energy use, to some extent, trade-offs can be achieved between energy use in 

agricultural production and what is used in transportation. For example, it can be energy-

saving to grow products under their natural climatic conditions and transport them to the 

markets in countries of consumption, rather than produce the same commodities with 

intensive agricultural methods in an inappropriate climate. (Paxton, 1994.) 

Trade over long distances have reduced the level of self-sufficiency. The relatively low price 

of energy between 1980-2000s, when oil was around $30 a barrel, made long-distance 

transportation relatively cost-effective and facilitated the creation of centralized distribution 
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and delivery systems. Other reasons for long-distance food transportation are multilevel, 

e.g., culture, tradition, legislation, price, habits, and personal values. (Garnett, 2003.) 

Food and agricultural commodities have a major share of tonne-kilometers in the European 

road transportation sector. Share is significant and it controversial that raw materials such as 

metal ores have less tonne-kilometers than food. Food supply would be possible to 

reorganize and reduce total tonne-kilometers on road transportation. (Eurostat, 2023.) 

 

Figure 14. Road transportation by freight in the European Union. (Eurostat, 2023.) 

Category, food, beverages, and tobacco account for the largest share of tkm’s on  uropean 

roads. It is 17% of all tonne-kilometers (Eurostat, 2023). 

Globally, it has estimated that dry bulk shipping accounts for over 40% of the global 

seaborne trade. The volume of dry bulk cargo in global shipping accounts for a considerable 

proportion, there are surprisingly few studies on dry bulk related shipping studies. 

(UNCTAD, 2023.) Beams and grains are among the most shipped bulk commodities, with 

ores, minerals, and coal. Bulk trade is primarily concentrated among a few major countries 

and regions such as Argentina, Brazil, China, EU, and US (Li et.al. 2025.) 

Containerization level of food commodities varies between goods, from 5% for grains to 

95% for coffee. Temperature controlled foods have 75% containerization rate, and rice has 

50% container shipping and handling is faster than bulk (Pallis et. al. 2024). 
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North America has first position in the food logistics markets with 43% market share. The 

continent’s advanced infrastructure, combined with advanced cold chain networks, and 

strong demand for perishable food products. The distribution of food has been ensured by 

well-developed and extensive transportation systems, including road, rail, and air networks. 

Rising demand for fresh and frozen foods has driven arising interests to investments in 

temperature-controlled storage and transportation solutions. (IMARC, 2025.) 

Fruits and vegetables made up 22% of the total value of worldwide food exports in 2020. 

The major share of transported mass required and travelled in temperature-controlled 

environments in all modes at sea on-land and in the air. This has massive implications for 

greenhouse gas emissions and overall sustainability. Around 40% of food transportation 

emissions come from the transporting of fruits and vegetables. Transportation of fruits and 

vegetables triple the amount of greenhouse gases generated compared to what has generated 

during the production phase. (PSA, 2025.) 

4.1  Transition from local to global  

During the millennium, integration of markets has been an economic trend. 

The promise about economies of scale has been one of the driving forces behind this trend, 

along with the cheaper production and new markets. Information technology is the most 

significant enabler for this development. Disadvantages of globalization are also significant, 

such as difficulties in controlling global value chains. (Tischner, 2010.) Large production 

volume and import orientated countries have regionally specialized in the production of 

certain types of commodities, reasons varying from the regional climate and soil conditions 

to historically determined path-dependences, cultural preferences, and economic factors. 

(Glaedek et. al. 2017.) In the global market era, the origin of the food is barely known. 

Instead of selling to local markets, producers sell into a long and complex marketing chain. 

Production circumstances are harder to determinate and the transportation system’s 

complexity sets significant challenges for transport studies. (Tischner, 2010.) In addition, 

major food supply chains rely on a complex web of interconnected infrastructure (Konar, 

2019). 
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4.2  Production and consumption points 

Distance that commodity needs to be transported from point of production to point of 

consumption. Yellow refers to low transport distance and purple refers to high transport 

distance. (Kinnunen et. al. 2020.) 

 

 

Figure 15. Food transportation distance (adopted from Kinnunen et. al.). 

According to map from Kinnunen et. al. (2020), global food transportation distance per 

caloric supply unit is presented in figure 16. East Africa, majorly the Arabian Peninsula and 

Africa have high tone-distance per calories consumed. North America, Europe, and South 

Asia mainly have less tonne-kilometers.  

Also on a regional scale, food travels relatively long distances. United States food system 

was put on map on first time in 2019. On figure 16 the map shows U.S. food transportation 

flows between counties. Each blue line represents transportation volumes in the United 

States. (Xiaowen Lin et al. 2019.) 
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Figure 16. Food flows in the U.S. (Xiaowen Lin et al. 2019). 

Each blue line represents transportation of food commodities by on-land, water, and air. 

Large urban areas are the main consumption points (Xiaowen Lin et al. 2019). 

In neighboring country Canada, which is one of the surplus producers and major food 

exporters in the world. Meantime 30% of food in Canada has imported. Canadian food 

import accounts for 61 billion tonne-kilometers. (Kissinger, 2012.) 

4.3  Feed vs. food 

Produced nutrients may have alternative utilization purposes or they are plants, grown in a 

condition that are not competitive for growing plants for direct human nutrition. Feed and 

food have synergies, but also controversies. Figure 17 visualize flows and scale of feed vs. 

food. (FAO, 2006.) 



50 

 

 

Figure 17. Global food production, food vs. feed (FAO, 2006). 

Land and oceanic resources are put on a flow chart. Permanent pasture and arable land can 

produce diverse types of food (FAO, 2006). 

Geographical cropland distribution by purpose of crops has been put on a map in study of 

Mason & Treat (2015). That is visualized in Figure 19. Food refers to plants that can or are 

used directly for human nutrition. Feed refers to food that is used for feeding domestic 

animals, or production of plants that humans cannot use directly, such as grass and crops 

that do not meet the bread grain requirements. (Mason & Treat. 2015.) 
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Figure 18. How our crops are used: Food vs. feed and fuel. (Mason & Treat. 2015.) 

Feed production has concentrated on the northern parts of the globe and east coast of South 

America, thus these produce also food. (Mason & Treat. 2015.) 

The world food programme has put low food security areas on map and the areas that 

produce feed instead of producing only food have higher food security (WFP, 2021). 

 

Figure 19. World Hunger Map (WFP, 2021). 
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Colors indicate scarcity in diets. Red and orange represent endangered food security and 

shortages in diets. Green represents mild undernourishment in diets. (WFP, 2021.) 

The World Hunger Map has similar patterns as feed vs. food does. Plant based food 

production areas seem to be hunger areas. Feed producing areas hunger does not seem to 

exist.  
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5  System mapping  

System maps, as visual presentation of relationships and flows, are tools for presenting and 

solving complex issues. Systems approaches have been applied to clarify complex issues, 

with systems maps serving as valuable tools for helping stakeholders gain a clearer 

understanding of how these issues are formulated. Complex systems can be illustrated in 

terms of their structure, that is, as a hierarchy of subsystems that in turn have their own 

subsystems, which results in a complex system map. System map utilization has had 

outcomes such as the systems maps provided new perspectives on the complexities of the 

system and provided a platform to network with organizations outside of their sectors. 

(Power, 2022.) 

Mental maps are imaginary based drawings about surrounding or involved circumstances. 

Mental mapping exercises are promising, but underutilized tools for the transportation field. 

These maps can provide a crucial tool for transportation professionals to use toward that end, 

since they can identification barriers and explain behavioral activities. (Hensher et. al. 2004, 

p. 544.) 

5.1  Food system map 

Food system maps visualize system relations and interactions, flow types and flow 

directions. The infographic style of map is suitable for presenting system’s structure. For 

scaling phases importance, other techniques are required. (nShift, 2009.) 
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Figure 20. Relationships in the food system (nShift, 2009). 

 

Figure 20 represents how socio-cultural factors are the main drivers for demand. In supply 

side of the illustration there are producers’ science, and technology. Demand side is occupied 

by consumers, and factors behind consumers choices are values, knowledge, and 

preferences. Data is what is needed for science, technology, and knowledge. Over time they 

formulate values and preferences too. Monitoring environmental effects has grown its 

importance due to sustainability awareness. Food system effects include production inputs, 

production, processing, transportation, storage, consumption, and disposal or losses of 

remaining. The food system is sensitive to changes and one change can trigger other changes 

in various parts of the system. (nShift, 2009.) 

5.2  Complex system map 

The world food system map is an example of a complex system map. It present flows 

interactions between parties involved in a food system. As illustrated in figure 22, political 

governance is a major element in the global food system. (Clemens, 2009.) 
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Figure 21. Complex system map illustration explained. The original illustration “The global food system map” 

is adopted from Clemens, (2009).   

Visualized complex system maps from Clements (2009) may look confusing at first sight. 

In well-scaled, with flows and system phases maps are useful for guidelines research. In 

Figure 22, system driver factors are indicated with arrows, where 1-5 represents main system 

drivers, arrows 6-7 points and indicates how socio-cultural drivers are main system drivers 

in both sides, production, and consumption. Arrows 8-10 emphasize how geography has a 

significant role between food supply and demand. 

5.3  Transportation impact types 

Transportation’s spatial accumulation is a main factor behind the emission of most pollutants 

and their impact on the environment. Impacts can be classified into three categories by their 

nature and measurability. 

1. “Direct impacts. The immediate consequence of transport activities such as pollutant 

emissions and respiratory diseases. The cause-and-effect relationship is generally 

clear and well understood.” (Rodrigue, 2009.) 

2. “Indirect impacts. These are the secondary (or tertiary) effects of transport activities. 

They are often of higher consequence than direct impacts, but the involved 
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relationships are often misunderstood and difficult to establish, such as congested 

traffic and stress.” (Rodrigue, 2009.) 

3. “Cumulative impacts. These are the additive, multiplicative or synergetic 

consequences of transport activities. They consider the varied effects of direct and 

indirect impacts on an ecosystem, often unpredicted such as physical barriers and the 

migration of exotic species.” (Rodrigue, 2009.) 

5.4  LCA in food system 

Life Cycle Assessment is a study which has defined system boundaries and within those 

boundaries all recognized phases are included and the most accurate information available 

is used. According to the United Nations food and agriculture organization, the life cycle 

assessment (LCA), is a widely used method to assess the environmental impact of food items 

and diets. UN has recognized it can be difficult to identify where trade-offs exist between 

lifecycle-based environmental impacts of food, such as greenhouse gas emissions and water 

use, and the contribution of different foods to nutrition. A widely agreed approach for 

integrating the assessment of nutritional value into the LCA methodology does not exist. 

That is a limitation for policymakers to develop holistic, multi-dimensional LCAs and make 

evidence-based decisions across the food system and encourage the development of 

sustainable food systems, which could also provide healthy diets. ( AO, 2021.) 

As a study method, LCA is widely accepted and known to be inclusive. However, LCA 

databases, which are the most used sources of footprint information behind environmental 

food labels, have variation on values for milk and beef as examples and for number of 

reasons. Consequently, environmental footprint variability is not sufficiently communicated 

to consumers, and therefore, it rerefers as “ abel jungle.” Efforts to unify the certification 

and labelling of the sustainability performance of food products have been made. For 

example, announced the proposal of a framework ‘The farm to fork strategy’ for a 

sustainable food system, which include guidelines for labeling. (Trebbin, 2024.) 
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6  Results - Transportation system structure and study concept 

The results are observations of literature, and are derived from transport geography, which 

frames minimum level of environmental effects and represents root causes for them. The 

world has production and consuming concentrations and when transportation activity takes 

place, particular events occur, and fundamental factors must be met before activity can take 

place. These subjects are uncertain and their importance in system level is not well known. 

Fuels are relatively affordable, which makes long-distance transportation economically 

viable. Suggestion is the way that the transportation system operates, defining transportation 

system’s structure and addressing the significance of recognized phases between the origin 

and the destination. Transportation system is a complex system formed by demand and need 

for moving goods, people, and services. Transportation system is a combination of vehicles, 

infrastructure and routes with multiple variables connected to transportation. Tracking back 

an activity is difficult and has major uncertainties. Consumption may happen at the another 

side of the world. For that reason, the importance of transportation system understanding 

increases. Production and consumption happen in separated locations, goods are consumed 

outside of growing zones, which leads to the need for transportation before consumption. 

Two major factors that contribute to transport-related effects are land use and pollution. 

Location is the most significant structure of transport demand. As well as location is the 

most important driving factor for transportation related land use and pollution is economic 

growth, which appears in higher incomes and increased transportation activity, when 

expressed in tonne-kilometers. Crude approach for basic formula of food system’s effects 

could be summarized such as production + infrastructure + energy + transportation + 

supporting systems.  

Transportation has faced system level mode switches and the most used modes highly affect 

transportation’s effectiveness and environmental effects. Historical example and first known 

international trade mode switch was silk road where the sea transportation overtook an on-

land transportation between Mediterranean and East-Asian trade. These modes used 

harnessed animal labor and wind, but since then power sources have changed and the 

transports system is sensitive to changes. Switching from one mode of transport to another 

can have unexpected, interlinked effects such as new infrastructure requirements or changes 

in specific fuel type demand, especially diesel and gasoline. Also, increase in diesel 



58 

 

replacing non-fossil liquid fuels may cause land use change, which may repeal gained 

emission reductions. 

Characteristically the cost of transportation does not significantly affect transport demand, 

thus, realized transport demand is affected. Still transport cost is not a suitable guide for 

sustainable transportation. Operating a transportation system is relatively affordable. 

Constructing transportation systems is very costly, but it must be considered partly 

subsidized, due to excessive public funding for infrastructures. If system changes in 

transportation are subsidized, e.g. public funding for specific technologies, it must be 

carefully and detailly evaluated to avoid unwanted consequences. That does not always 

happen, since ideologies have significant importance in politics and behavioral patterns 

change faster than transport geography understanding. 

6.1  Transportation in food system – RQ1: What interlinkages do 

transportation different activities have 

Food production, transportation and consumption have joint characteristics in a system level. 

Food is transported from point of production to point of consumption. Statistically food 

production and consumption are separated, which causes needs for transportation, and 

transportation is a resource and an energy intensive process. Transportation’s impacts 

increase when distance increases. Transportation system optimalization is a potential 

alternative for reduction of food system environmental effects.  

Especially port locations are economic catalysts for surrounding economic activities and for 

long-distance transportation. Ports serve as hubs for inland distribution. When evaluating 

transportation’s effects, cargo capacity comparison can give useful information regarding 

system level effects. Single barge load is equal to around 80 truckloads and uses 1/8 amount 

of fuel per moved tonne than a truck does. One cargo ship is equal to hundreds or thousands 

of truckloads of cargo, depending on a ship’s size. If further distribution area’s focal point 

is far from port’s location, energy efficiency of shipping activity is lost in system level. Same 

applies if a product’s origin is located far from ports. Unfavorable topography or climate 

conditions in distribution area will increase total effects.  
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Due to centralized trade and decreased self-sufficiency in agricultural commodities, long 

distance transportation remains as a part of a food system. From environmental perspective, 

urban distribution is problematic, since commonly last few steps of the transportation chain 

are most problematic, inefficient and costly to provide. Almost all goods are transported on 

roads in some phase of transportation chain. 

Along with land use, infrastructure and energy, vehicles can be seen as a fourth main 

interlinkage of transportation. A vehicle itself can be seen as a moving object, which is used 

for transporting people or some kind of goods or objects. Transportation related vehicles can 

be described for example as following: a truck is a heavy multi wheel vehicle typically 

equipped with diesel engine. The truck has a large utility mass capacity compared to its own 

weight. Trucks require materials and energy to be manufactured and well-constructed road 

networks and infrastructure structures as service stations and bridges to cross boundaries 

such as water. Construction of these requires materials and energy. A plane is a flying 

vehicle. It is usually made from strong lightweight materials like aluminum alloy, unlike 

ships and road vehicles, which are constructed mostly from steel. Manufacturing of vehicles 

requires materials and significant amounts of energy. Material production requires land 

usage in the form of mining, which also requires energy and causes land use change. 

Food transportation is an integrated part of the transportation system, and it can be 

considered to represent its share measured in weight in transportation’s effects. Goods as 

fresh products require commonly temperature-controlled transportation capacity, which 

stationary phases of trips require energy too. The transportation system has achieved 

significant level of efficiency. Still increasing demand for transportation services, increases 

levels of transportations land take in forms of massive transportation hubs and cargo 

handling facilities. These are especially requirements for effective long-distance 

transportation.  

Transportation system is a system which is designed to move goods from point of departure 

to point of arrival. That can include moldable platforms of transportation by air, sea, and 

ground. Flight utilizes fast point to point transportation which does not cover the whole 

route. The figure can be around 70-90%. Train transportation can cover 100% of the total 

route travelled, but trains cannot meet all required routes. The truck usually covers 100% of 

the route and is widely available. Maritime transport relies on other modes in inland 

distribution. Vehicles are framing lifestyles are dominant in cultural structures. Lifestyle 
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preferences and legislation determine what kind of transportation is being used. 

Determination is made by vehicle availability, suitability for needs and available finances. 

These selections affect transportation system outcomes and side impacts.  

Transportation is complicated to estimate compared to other energy intensive sectors, since 

transportation is on continuous movement unlike other energy intensive activities. 

Transportation and the environment has paradoxical relationship. Transportation’s 

usefulness is derived from its performance in association and meantime when 

transportation’s performance increase level of unwanted consequences also increases, and 

for major unwanted consequence reduction transportation tonne-km reduction would be 

needed. The external costs of unwanted consequences should be higher and borne to users 

to make the system steerable. Overall, the longer the distance is, the higher the emissions 

are, but also urban landscape and modal switches increase emissions, without effects of 

distance. Minor parts of distance can be energy consuming.  

6.1.1  Accountability and data quality 

Transportation route patterns and data are needed for system evaluation, which is important 

to express economic and environmental effects of transportation. Economically wise 

transportation does not necessarily mean environmentally wise. When income increases, 

transportation of food, due to share of transportation of total available finances decreases.  

In the transportation system, inaccuracies in data are not likely dataset errors or misuse of 

data. Transportation system study errors are more likely misevaluated significance of phases 

or totally missed phases, which occur but are not recognized. 

Transport geography-based analysis could provide valuable insights for  transport studies, 

since it can provide useful information about transportation’s interlinked effects. If a 

transportation activity has taken place, potential transport demand has transformed to 

realized transport demand, and it has necessarily resulted transport events and their 

associated effects. In cases where data sources are unavailable or certain transportation 

phases remain unidentified, transport geography methodologies can serve as best available 

alternative methods for estimating system dynamics. For example, if transport activity has 

occurred due to international trade, and it was bulk, it was very likely transported by 
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maritime transport and supplemented by road transportation. If origin is known, 

infrastructure requirement between production and consumption location can be estimated.  

6.2  System observations – RQ2: What are the environmental effects of 

transport activities and mechanism behind them? 

Transportation’s interlined effects can be classified into three categories, direct, indirect, and 

cumulative impacts. Due to direct impacts are well known, it is necessary to analyze indirect 

impacts and cumulative impacts carefully. These are most difficult to track and evaluate. 

Transportation system’s structure-based evaluation is a recommended action. In reporting, 

effect values per distance unit or weight unit would be favorable presentation method for 

affect evaluation. 

Transportation activity will likely take place if there is a sacrifice of resources somewhere 

and transport costs are lower than the benefits that transported goods will provide once goods 

get to the destination. Transportation seeks low costs, not low environmental effects. 

Based on statistics and map analysis, geographical areas such as India have sustainable low 

transport distance food system. The continent of Africa is continuously underperformed in 

food production and relies on primitive and import food supply. Well developed areas such 

as North America and Europe have effective production and distribution networks and 

producing and consuming local would be possible. Thus, effectiveness of transportation 

system makes imported foods as assessable as local products. Unsustainable long-distance 

transport activities noticeably exist between South American and Asian, mainly Chinese 

trade. 

Brazilian food production is linked land use change and deforestation in rainforests (Silva 

Bezerra et.al. 2022). To balance the trade and switch to more sustainable system, Africa 

should collectivity have a higher self-sufficiency in food supply and North American and 

European exports should replace South American increasing production numbers. Imposed 

sanctions on imports and tariffs could be a noteworthy expedient to guidance the trade in the 

wanted direction. Worldwide trade is commonly expressed in monetary measures. However, 

moving valuable cargo cannot be used as an expression of environmental effects similarly 

to expressing trade weight or volume of cargo. Free market based transportation cost itself 
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is not an effective guiding subject, since transportation sector has a thrive to minimize 

transportation cost, which it has achieved and is assumed to be conceivable to achieve further 

cost reduction. Transportation cost reductions can be achieved by using more fuel-efficient 

vehicles, newer technologies, increasing ship and vehicle sizes and by reducing the 

employed workforce. Reducing distances and improving filling rates of transporting vehicles 

would be a favorable action. Thus, transportation operators typically aim to maximize 

capacity utilization to enhance efficiency and cost-effectiveness. 

Transportation is the phase which could be adjusted by selecting the source of food, without 

major multiplier effects, which occurs in long-distance transportation. Instead of questioning 

what is transported, the questions should be where and how. That would not require major 

direct adaptation of new preferences. Instead, it would move focus to resource efficiency. 

Shorter transport distances would increase resource efficiency, when transportation capacity 

requirements decrease, when distance decreases. Route optimization and production point 

and consumption point location optimization could have potential for system level savings 

and have ‘resource negative’ effects, which could lead to release of currently demanded 

resources. Similarly, as a carbon negatives are referred to carbon capturing activities.  

Transportation and nutrition discussions may be kept separate. Discussion about how to 

deliver healthy and climate friendly diets may blur the connection between long-distance 

transportation environmental harms and specific nutrition source’s environmental benefits. 

That may lead to a negative outcome. Local reductions and increases in total. Transportation 

has three types of impact types: direct, indirect, and cumulative impacts. In transportation 

system evaluation, reporting should focus on evaluating especially indirect and cumulative 

impacts, since they are not well known. Thus, direct impacts are necessary to include. 

Transportation system is effective and cost efficient, reasons for that are underpricing of 

infrastructures, relatively affordable fuels and probably the most significant, long 

development and evolution of transportation networks and logistics management, 

highlighted by technological innovations and economic of scales. Transportation also has on 

constant change and  concerns about environmental impacts are also growing. These topics 

are under political discussion. The public participate in debate, but the challenge is that the 

public is not well-informed and transportation-related information is not detailed. Weakness 

in public discussion is “Not my backyard effect,” which decreased non-urban constructions 



63 

 

significance in public discussion, since developed world has majority urban. Finally, it will 

be the politicians who decide.  

The provision of groceries has historically been majorly local. Urbanization has 

unsustainable effects since large urban areas cannot be fed by local supply and excessive 

supply chains are required to meet the demand of everyday necessities. Global demand for 

fresh products is increasing and shipping is not a delivery option due to it is too slow. That 

creates growing demand for air transit, which has around 50 times higher fuel consumption 

than shipping. That is not a focal point in system, but one of the increasing inefficiencies in 

the system. Overall, food transportation needs vary depending on the place of origin and 

where the demand is. Empty travel causes more harm in long-distance transportation. 

Food production is competitive, but not comparable. Similar nutrition may have been 

produced under different legislation; especially environmental policies vary. Products end 

up in the same markets. Cost is an effective system driver, which guidance by economic and 

physical activities. In the food sector, the transportation cost will not likely affect long-

distance transportation. Bulky commodities are traded internationally, and purchasing a 

batch from international markets is seen as a simpler solution than purchasing locally. Poor 

inland infrastructure may encourage alternative routes and lead to long-distance imports over 

local provision. Overall, in transportation’s economic evaluation geographical distance is 

less relevant, meanwhile costs and time are incredibly significant. Thus, distance is more 

related to energy consumption and environmental harms than costs and time are. 

6.2.1  Emissions 

As Caputo et al. (2013) describes, when production phase is included to total emissions low 

food miles do not guarantee low CO2 emissions, and high food miles do not come with low 

CO2 emissions.  

CO2 is not alone a good environmental indicator, since it is not directly tied to other 

combustion and transportation related emissions, and widespread usage of CO2 complicates 

tracking back of transport activities’ affects.  

As commonly discussed in public discussion. Transportation is a major source of greenhouse 

gases. According to Rodrigue (2009) worldwide allocation of carbon dioxide from 
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transportation modes is approximately that the road transport sector is responsible for 74% 

CO2 emissions, while aviation account for 12%, shipping 10%, and railways respectively 

4%. Since most of these pollutants are from combustion fuel for transport’s power sources, 

other pollutants can be roughly divided with similar split, thus variation exists, since 

different technologies used and fuels have different properties between modes. 

The activities of the transport sector produce multiple million tons of pollutants into the 

atmosphere each year. The problematic aspect of carbon dioxide emission screening seems 

to be that when only CO2 is expressed in cases where production is included to total figure, 

CO2 from food production is not related to other emissions in comparable manner to CO2 

from transportation is. Transportation’s emissions are not limited to carbon dioxide and other 

emissions can have more harmful effects than carbon dioxide. 

As Rodrigue (2009) lists, the main pollutants from transportation include ash, benzene 

volatile components (BTX), cadmium, carbon dioxide (CO2), carbon monoxide (CO), 

chlorofluorocarbons (CFCs), chrome, copper, dust, emission of lead (Pb), methane (CH4), 

nitrogen oxides (NOx), nitrous oxide (N2), (PFCs), silicon tetrafluoride (SF6), nitrogen (O), 

and zinc.  

6.2.2  Food type vs. origin 

Not alone the sufficiency of indicators has been questionable, location of source of food has 

been argued, which local or imported products generate more environmental effects. In some 

extent, tradeoffs can be gained by producing goods under their natural climatic conditions 

and transporting them than growing the same products in artificially made conditions. That 

involves excessive energy input, higher than transportation of products elsewhere produced.  

Goods sourced by large retailers’ global supply chains can have and commonly have 

transport distances of thousands of kilometers. That also gives a slight indication about why 

tonne-distance expressions of impacts are not commonly used. It would be unfavorable for 

major retailers. Environmental costs of long-distance transportation are not inadequately 

admitted.  xpression of food’s environmental effects is focused on using supply chain wide 

CO2 expression. Where the transport’s share is marginal. 
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Figure 22. Greenhouse gases from food supply chain (Poore, 2018). 

Instead of global average values, it would be favorable to report detailed values since all 

production locations are not the same even though they produce the same commodity. Not 

only natural conditions for food origin that favor production location over another, but food 

types have a conflict in sustainability. South American vs. North-European beef production 

seems to be most revealing example.  

Division of feed vs. food seems to have some kind of connection, but the relation is 

uncertain. Suitable farmland for grassland is mostly located in the northern part of the globe. 

The situation could be seen more complementary than competitive. Thus, both synergies and 

controversies exist. Flows are measured in weight. Converting grass and crops to animal-

based proteins, meat, has a decreasing relationship with weight. Utilizable calorie count 

would be another way to observe the matter. 

6.2.3  System priorities 

Along transportation cost, from environmental perspective, it is necessary to evaluate 

transportation also from a tonne-km perspective. To gain more knowledge about overall 

effects, tonne-km, energy consumption, and caloric value of transported food, are what is 

needed to know for transport studies. 

Understanding marketing management is essential for understanding changes. Since it is the 

most effective change implementation structure. Utilization of marketing as a change driver 

is necessary to understand basic concepts of marketing. As Figure 23. A plain marketing 
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system. Kotler (2016) shows how sellers and buyers are connected by four flows. A 

marketing principle between industry (retailers/producers) and market, (customers and 

institutions). The outer lines indicate how sellers communicate to the market and in return 

they receive money and information such as customer attitudes and sales data. The inner 

loop presents an exchange of money for goods and services. Communication and 

information exchange are mandatory elements of trade and for improvements.  

 

Figure 23. A plain marketing system (adopted from Kotler, 2016). 

The other significant factor is market type understanding. According to Kotler (2016) market 

types are the following: Key customer markets, the main customers, which produce the main 

part of the sales revenue. Consumer markets, for selling mass consumer goods and services 

such as food and other daily commodities to customers. In business markets, sellers often 

deal with well-informed professional buyers, who are skilled at evaluating competitive 

offerings. Global markets are complex marketplaces to navigate through cultural, language, 

legal, and political differences and how to communicate cross culturally. Nonprofit 

organizations have limited purchasing power such as churches, universities, charitable 

organizations, and government agencies, which require careful pricing. Governments and 

public institutions are a key customer market for many companies. Most government 

purchasing requires bids and they commonly favor the lowest bid and convenience, other 

things equally. That may lead to long-distance transportation.  

Food goes into two market types: need markets, and geographic markets. Customers know 

they will need food, and have geographical variation, what is wanted. Needs are often stated 

and real needs. Some cases’ needs are unstated, as someone expecting something to be tasty. 

The needs become wants when specific objects are wanted to satisfy the need. Therefore, as 
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expected, the conclusion is that food commodities have the same need and demand without 

any marketing.  

Changes in food system and especially long-distance transportation need to be evaluated 

carefully. Alternative production location must be capable of producing commodities, which 

fit to consumption locations’ cultural preferences. What is wanted varies, since wants are 

shaped by surrounding societies. Sometimes companies shape consumer perceptions 

towards their products. By “helping” customers learn what they want, but still marketers do 

not create needs, needs pre-exist. For change implementation, marketing could be an 

effective channel to drive change.  

Demands are demands for specific products, which must be supported by an ability to pay. 

The most valuable marketing trick is a well-known brand in markets, where consumers are 

able and willing to pay. Brand is a useful marketing aspect when marketing target can afford 

to products. As Kotler (2016) explains, fundamentally a brand is an offering from a known 

source and a brand association is an extension of personality and in these cases, customers 

are willing to pay large premiums. For many people food is something they are happy if they 

have it enough. During economic growth, food becomes more as a part of the identity and 

life-style choices, which commonly increases tonne-km’s of consumed food.  ow tonne-

km’s could be a sustainability indicator. However, its problem might be being too generic 

and well understood. 

6.2.4  Labels - Sustainability indicator or generic label 

Numerical labels that are out of daily life context, are problematic. In the opinion anchoring 

bias, or an opinion anchoring effect, a person compares other values with the first value that 

got their attention. Without knowing the scale of the first value and the actual effects. If the 

food package states the product's carbon dioxide emissions after carbon compensation, the 

labelling does not show what the production of the product required.  

Numerical CO2 values gain more appreciation among consumers than, for example, labelling 

where food has come from. Commonly given CO2 value is presented together with colorized 

vertical columns, where green is good, and red is bad. Among the customers there might be 

scientists that understand the labels, but anyhow it can be assumed that scientists present 
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only a marginal share of consumers. The weight-distance label indicates the total distance 

travelled per weight unit; thus, they are rarely used. It does not directly tell the method of 

transportation, but transportation method must be taken account thus it is linked to energy 

consumption. Labels are indicators and meanwhile guides for decision making. Decision 

making is outsourced to consumers and increasingly they are guidance to decide based on 

labels indicated on packages and information that they got from sources that they follow. 

The negative side of both is that an average decision-making consumer has no understanding 

of either. Their decisions are based on individual mind-images which may or may not be 

accurate. Consumers may not understand the process behind a label. 

Coffee is a good example of a product that travels long distances between its production and 

consumption. Production is located elsewhere than consumption. How many of us think the 

distance travelled in total while purchasing coffee? Fair trade label does not guarantee 

environmental sustainability transportation. It is a label that guarantees that the producer got 

a fair share of the value chain. Environmental labels can create false images for sustainability 

in other extends. 

 

Figure 24. Fair trade coffee supply chain (adopted from Kotler, 2016). 

Kotler (2016) explains consumers behavior’s psychological explanation for “phenomenon”, 

consumers tend to valuate more labels that they do not understand. At the same time in green 

marketing revolution pursuits colors, which are an important part of packaging, labels 

specific. Where green refers to “good”. 
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Consumers have superior challenges to determine what does a non-familiar numerical value 

represents. Most consumers can only compare the value to the value given if it is available. 

Information does not represent whole context and might be more misleading than useful. By 

comparing labels, consumers rely on the reference value. Comparison does not tell value’s 

significance. The equivalent conversion of carbon dioxide emissions is problematic because 

the final label does not tell where the emissions originally came from and what are the other 

effects. That decreases the usefulness of the CO2 and labelling might have a greenwash-

effect. 

A thorough weight-distance measurement gives an indication of the product's origin and its 

supply chain. Distance of travel is more familiar for consumers than numerical labels. Air 

freight’s energy consumption differs from sea transportation. Weight-distance label gives 

indication of the products origin and its supply chain. 1. Carbon footprint, and 2. Cargo 

weight-distance (tonne-distance) based food-miles method. Which is linked to energy 

consumption per moved unit. 

6.1  Weight-distance 

The weight-distance expression is the distance that commodity has been transported. Tonne-

kilometer is a widely accepted unit and ton-mile expression and the food-miles variant of 

weight-distance expression are used. Food miles is the distance the food has travelled from 

the place of production to the place of consumption. The distance of travel is linked to energy 

consumption, which is linked to vehicle type, the load size and filling rates and route 

characteristics such as topography, hydrology, and weather conditions.  

The importance of knowing the distance that product will be transported before it reaches 

consumer is because transportation increases energy consumption, and it is directly related 

to environmental impacts. Weight-distance basis food miles is a distance that product travel 

until it reaches consumer. Commonly used as weight units in tons transported per distance. 

As a base unit of transportation demand, tonne-km is close to food miles and tonnage and 

distance can be used for determining energy usage and emissions. It is beneficial to use 

weight-distance method in transportation studies, due to the flexibility of converting it to 

other values. The place of origin gives a hint about how the product was transported but does 

include the shares of linear and non-linear effects of distance. 
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Fairtrade Organization has claimed long distance trade improve livelihoods in poorly 

developed countries. The original food miles study by Paxton (1994) found that long 

distance transportation will be beneficial to logistic companies and large-scale 

manufacturers. In economics, low food miles contribute to the strong local economy. High 

food miles are not negative for the producer. Low food miles have a connection: Low food 

miles – Local food. 
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7  Conclusions  

The aim of this research was to study transportation’s interlinkages and define 

transportation’s minimum effects, based on transport geography. Another objective of the 

research was to study how transportation activities are formed. This was conducted by 

transportation fundamentals review and empirical research. The initial driver for this 

research topic was a desire to increase food system transportation relationships knowledge 

and effect awareness. The literature conducted in this research shows that it is necessary to 

keep researching how transportation system is constructed and how it could be evaluated 

accurately. A key finding of this research is that the weight-distance should be more utilized 

reporting method of transportation and environmental nexuses. Study’s theoretical 

contribution and societal importance is addition to not well-known transportation system 

structure and effects. The research indicates that there is a need for further assessment in 

context of focusing on the initial stages of transportation system decisions and detailed 

evaluations. Regarding sustainability of transportation, impacts and emissions came from 

activity related materials and energy. Limitations of the study and dealing with the future is 

an empirical approach towards the topic. The recommendation based on this research is to 

look objectively at how a scientific approach could be developed. 

Promoting sustainability for far-grown products is problematic. Outsourced global supply 

conflicts with sustainability. Local is not necessarily a low emission product but far grown 

is high. In addition, shorter transportation distances are usually more reliable to evaluate. 

Reducing should be more favorable than carbon sinks or other compensation businesses. 

Food is transportable good, but it has untransportable characteristics, which can be partly 

resolved with temperature and moisture-controlled transportation equipment and the type of 

transportation mode applied, thus energy consumption increases. To reduce harmful effects 

and enhance the sustainability of food choices, it is advisable to consider food chain phases 

before consumption. Prioritizing locally sourced products helps minimize environmental 

impacts, while selecting an appropriate dietary approach as a secondary step further 

contributes to sustainability. Thoughtful consumption decisions can significantly reduce 

food-related environmental effects. Low food miles do not guarantee low CO2 emissions. 

High food miles are an indicator of high CO2 emissions. Commonly used CO2 reporting 
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might be misleading, due to it transfer focus out of the other effects. Transportation study 

outcomes may vary depending on the form of expression.  

The outer and the farthest frame of transportation and food system is a political atmosphere. 

Where National policies frame the system structure and its ability to adjust for changing 

demand. Changes are necessary for sustainability improvements but rapid uncontrolled 

system changes may cause environmental stress when resources need to be replaced. Direct 

effects from operations decrease, but system material demand can temporarily increase if the 

system’s planned life cycle has not been achieved. Life span should be considered wisely 

when investing in new technologies, especially in cases when subsidies are applied. There 

are risks of creating negative good-meaning politics associated with transportation systems, 

which leads to situation where aimed positive effect has not achieved and outcome is higher 

than intended. 

Transportation’s positive effects and convenience for life are undisputed. Since 

transportation system needs multiple supporting systems to operate and supporting systems 

do have interlinkages, and the longer the distance is, the higher the effects are. Hypothesis 

supported, long-distance food transportation might have more negative effects than 

recognized. Food and food related products have a major share of tonne-kilometers in 

European road transport (Eurostat, 2023). Maritime transportation’s environmental impacts 

are significant. Dry bulk accounts for about 40% of total maritime traffic in the world, and 

food is among the most transported bulk commodities. (UNCTAD, 2023.) 
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