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Abstract: The aim of the present research is to provide a comprehensive review about the current
challenges related to food security and hidden hunger. Issues are presented according to major
factors, such as growing population, changing dietary habits, water e  ciency, climate change and
volatile food prices. These factors were compiled from reports of major international organizations
and from relevant scienti“c articles on the subject. Collecting the results and presenting them in an
accessible manner may provide new insight for interested parties. Accessibility of data is extremely
important, since food security and its drivers form a closely interconnected but extremely complex
network, which requires coordinated problem solving to resolve issues. According to the results, the
demand for growing agricultural products has been partly met by increasing cultivated land in recent
decades. At the same time, there is serious competition for existing agricultural areas, which further
limits the extension of agricultural land in addition to the natural constraints of land availability.
Agricultural production needs to expand faster than population growth without further damage to
the environment. The driving force behind development is sustainable intensive farming, which
means the more e ective utilization of agricultural land and water resources. Current global trends in
food consumption are unsustainable, analyzed in terms of either public health, environmental impacts
or socio-economic costs. The growing population should strive for sustainable food consumption, as
social, environmental and health impacts are very important in this respect as well. To this end, the
bene‘ts of consuming foods that are less harmful to the environment during production are also to
be emphasized in the scope of consumption policy and education related to nutrition as opposed to
other food types, the production of which causes a major demand for raw materials.
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1. Introduction

Currently, one of the most important challenges to achieve food security is the intensi“cation of
global food production. Most surveys and research e orts in agriculture focus on crop production.
However, these analyses do not take into account the instability of yield over time or the variability
and reliability of cereal production over the years [ 1]. As the global population continues to grow,
agricultural production must also keep pace with it. Over the upcoming 40 years, agricultural emissions
will increase by approximately 60% so that humanity can be supplied with food in appropriate quantity
and quality. Various studies predict strong population growth within 30 years [ 2]. According to
R060s et al. (2017) that number will be approximately 9...11 billion by 2050 B] but the number is
disproportionate in terms of territorial distribution as it is mostly based on urbanized environments [  4].
Concerns about food production are not unfounded. Scienti“c and technological innovations beat
Malthuse predictions in 1798 over the long run and increasing food production has met with the
increasing food demand of the growing population. To continue to prove Malthus wrong in the future
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will require serious e orts, especially in terms of agricultural livestock production [ 5]. If current global
processes continue and population growth tendencies remain unchanged, another 2.4 billion people
will live in developing countries by 2050 (in South Asia and Sub-Saharan Africa, the population is
expected to grow steadily). The size of urbanized areas is expected to increase threefold between
2000 and 2030 §]. In these regions, agriculture is of outstanding national economic importance.
In total, 75% of the worldes poorest people live in rural areas, where agriculture is their most important
foundation of subsistence [7]. Nevertheless, on average, over 20% of the population living in rural
areas is su ering from food supply security problems [ 8]. Satisfying the demand requires increased
productivity, structural changes in the livestock sector and the need to increase animal products [ 9].
According to forecasts, the average daily intake per capita is projected to exceed 3000 kcal globally by
2050 to reach 3500 kcal in developed countries and to exceed 2500 kcal even in the poorest sub-Saharan
areas [L0].

The demand for food, feed and crops with high “ber content is constantly increasing. So, there
is increasing pressure on the already simpoverishedZ arable land and freshwater resources. The size
and proportion of land used to produce food and feed depend largely on the evolution of global
eating habits and the achievable average yields. The production of raw materials for the Western diet
(involving high meat, dairy and egg consumption), which is becoming more widespread in the world,
poses serious environmental challenges [L1]. In addition to the competition between food and feed
production, the increasing utilization of biomass also has a signi“cant impact on land use and water
management. The global food sector is heavily dependent on fossil fuels. Therefore, the volatility of
energy markets might have a signi“cant direct impact on food prices and an indirect impact on the
security of food supply [ 7].

The issues presented above have been under intensive research for several decades, surrounded
by disputes in many cases. Di erent drives of food supply and security form a complex network, with
strongly interconnected factors. The complexity of this network poses a major challenge for interested
parties and requires close cooperation between parties to resolve the issues. Despite the overwhelming
scienti“c results, some of the related areas are discussed based on emotion and by taking a subjective
approach. Synthesizing scienti“c results and presenting them in an accessible manner may provide
novel insight for related parties. This research is a comprehensive review about these issues and the
possible solutions.

2. Materials and Methods

The overall objective of this paper is to provide comprehensive research about the topic, with the
processing of international and relevant literature in a literature study. Food security, nutrition and
livelihood security is connected at the global and national level as well. Thereby, they are a ected with
the risk of so-called *shocksZ such as climate disasters (drought, "00d, etc.), human con”ict (such as
war, radical protests, etc.), pests and diseases (such as invasive species, etc.). Multi-sectoral cooperation
is essential because most of the studies have shown that only a few countries have achieved fast
economic growth without preceding agricultural growth. The development of food production systems
is based on agricultural diversi“cation, the conservation of water sources and e  cient land usage
while biodiversity is being preserved.

Quialitative research is suitable for exploring results and situations from previous relevant research
and comparing with our research. However, methodological examination regarding the data analysis
process is limited, but there are no systematic rules for analyzing qualitative data. Of course, there must
be a logical structure or a framework behind the analysis. Computer-assisted search engines make
qualitative data analysis more e cient and faster. Qualitative research often provides results, insights
and concepts rather than data analysis methods to assess hypotheses or theories. The economic impact
of food security is analyzed by various, relevant studies, but there is a close relationship between the
environmental and social e ects (like water and soil management, climate change, energy security).
In addition, upon preparing the study a combination of the following terms was applied during the
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search for relevant studies: food security, agriculture, population growth, food and environmental
safety, food demand, yield trends, change in land use, biofuels, sustainability requirements, and
mitigation of climate change. These relevant studies were mostly analyzed from Google Scholar,
AgEconSearch, EconBiz.de and Scopus. The literature review is based on recent, relevant studies
between 2005 and 2019. In every case, the latest database of the World Bank12] and Food and
Agriculture Organization of the United Nations (FAO) [ 13] was analyzed during the creation of this
study. In some cases, the databases have been merged, e.g., for the exchange of currencies, the
harmonization of units of measurement, the frequency of communication. These circumstances were
harmonized with each other, so that there was no need to "beautify" the database. Based on these
databases, we covered some of the major related results to gain insight into the complexity of these
processes. Graphic representations can help readers to better understand the results. Data from the
previously mentioned databases were analyzed by R Studio. This program supports the graphic
appearance of the analyzed data. Comparing the results is di  cult, since most of the results can be
viewed as crude approximations of the future developments. We rather focus on the trends related to
food security.

3. Results and Discussion

3.1. Land Use

In recent decades, the demand for growing agricultural products has been partly met by increasing
cultivated land [ 14]. However, in the future, the e ciency of agricultural production and speci“c yields
must be increased, since there is serious competition for existing agricultural areas. Various relevant
studies outline an increasingly gloomy prospect, namely that increasing yields will not be able to
meet the demands for raw materials [ 15..17]. Nowadays, the increase in agricultural performance is
mainly due to the cultivation of new areas, which is hardly sustainable in the long term. Consequently,
new areas must be incorporated into agricultural production. Agricultural production needs to expand
faster than population growth and this objective needs to be achieved in a sustainable way without
further damage to the environment. The driving force behind development is sustainable intensive
farming, which means the even more e ective utilization of agricultural land and water resources [ 18].

Urbanization takes away an increasing amount of agricultural land and puts pressure on current
land use and biodiversity as well [ 19]. According to estimations, the growing food demand will require
approximately 320...850 million hectares of agricultural land additionally by 2050. The demand for
additional agricultural land is limited by the changes in future dietary habits, which will mainly be
in"uenced by socio-economic developments in developing countries. Depending on these changes,
consumption will be shifted towards food sources of animal origin by 2050 due to improving welfare.

Moreover, this will cause a major change in land use as well, since the demand for feed crops will
increase [20]. In addition, future yields based partly on the introduction of new plant varieties and
improved agronomic practices will determine how much arable land will be needed. The requirement
to reduce greenhouse gas emissions originating from agriculture will inevitably limit further land
allocations [21]. At the same time, it should also be taken into account that the reduction of greenhouse
gas emissions in agriculture depends largely on the attitude of producers as they are the ones who
are directly a ected by the e ects of climate change. Farmers who believe in climate change and its
anthropogenic or man-made nature are much more open to reducing greenhouse gas emissions but, at
the same time, farmers are often more easily able to adapt to changing circumstances than to reduce
emissions of harmful substances [22].

3.2. Population

It is beyond dispute that population growth is among the main drivers of global changes (notice
in Figure 1). In approximately 10,000 B.C., agriculture began to develop with a global population of
approximately 2.4 million people [ 23]. At the beginning of our chronology, Earthes population was
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188 million. As a result of the industrial revolution and the parallel development of health care and
medicine, a major change occurred. By the end of the 1800s, the global population reached or already
exceeded one billion people [24]. Currently, China alone has a population of 1.4 billion people [ 25].
The next major period was the 1930s when global population exceeded 2 billion people (when maize
hybrids began to spread) (Figure 1). Due to the achievements of the Green Revolution, the global
population doubled to over 3 billion (1960). It has been established that the global population grew
from 1.65 billion to 6 billion during the 20th century. In 1970, there were nearly half as many people in
the world as today [ 26]. By the middle of the 20th century, annual global population growth rose to
2.1% (1962), which is the highest annual growth rate in history. Nowadays, the growth rate has fallen
to 1.2%, which is less than 80 million people annually. According to forecasts, the annual growth rate
will decline to 0.1% by 2100 [27].
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Figure 1. Global population growth. (Source: Own calculation and editing based on the database of
FAO, 2019) [13].

Population growth in itself does not completely explain the changes in food consumption.
While the volume of food consumption is dependent on the size of the population, quality of the
consumed food is dependent on the average household income. According to Figure 2, there is no
apparent connection between the (log of the) population and the (log of) GDP per capita, which means
that independently from the population of the given countries, the GDP per capita may vary freely.
At the same time, a higher GDP is more likely to be associated with a low share of agricultural added
value. At the bottom of the graph, African countries possess a very high agricultural share in the GDP,
while Europe at the top of the graph is very much the opposite with a high GDP per capita and a low
share of agriculture (Figure 2).

207



Sustainability2019 11, 5816

[ ]
. [ B
e 2 e@ e 5HILRQV
.65 @ °® ® $IULFD
® J ® $VLD
) ] Q@Q ® (XURSH
.. ‘ ® /DWLQ $PHULFD DQG WKH &DUULEHDQ
e% [ ] ¢ 1IRUWKHUQ SPHULFD
é L)

@
3 @ :e 2FHDQLD
° ®
.:e p $JU YDOXH DGGHG RI *'3

oégé ¢
af,

/RJ BRSXODWLRQ WRWDO

.a°

0% o

/RJ Rl *'3 SHU FDSLWD FXUUHQW 86

Figure 2. The connection among the population,GDP per capita and agriculture, 2017a. (Source:
Own calculation and editing based on the database of the World Bank, 2019) [12].

Figure 3 shows the connection between the share of agriculture (as value added in % of GDP)
and the GDP per capita. GDP per capita is measured in current US$, plotted in logarithmic form.
As the GDP per capita increases in a given country of the world, the share of agriculture decreases
quickly. Generally, African countries (red color) have the highest share of agriculture in GDP among
the regions, with over 30% or even more in some cases. However, at the same time, the value of GDP
per capita is very moderate. Asian and African countries have a relatively low GDP per capita but
high share of agriculture in GDP. The values of Asian countries are extremely diverse. At the same
time, European and North American countries typically have a high GDP per capita, while the share of
agriculture is only a few percent. The share of agriculture is much lower in Latin America, Oceania,
Northern America and especially in Europe, mostly under 5% of the GDP. At the same time, GDP per
capita is the highest among the countries. The graph indicates that African and Asian countries are still
very much dependent on agriculture, as they take a high share of the GDP (denoted by red and orange).

In Figure 4, a similar methodology-based editing can be noticed. It deals with the connections
between energy consumption, agriculture and the GDP per capita. With these elements, the latest
database is from 2013. It also indicates the regions with di erent colors and the GDP per capita value
in US dollars. The +XZ axis represents the energy usage (in kg of oil equivalent per capita) and the «YZ
axis represents the share of agriculture in the GDP. It can be read that energy use per capita is very low
in the case of Africa,the value is well under 2500 kg of oil equivalent per capita. A correlation also
can be discovered between the agricultural share in the GDP and energy usage. In regions, where
the share of agriculture in GDP is high (over 20%), there is a low value energy use per capita (under
2500 kg of oil equivalent per capita). In general, as a country became more industrialized, energy
demand increased rapidly and, at the same time, the share of agriculture in the GDP quickly took a
downturn. It can be concluded that countries with a high consumption of energy have much higher
living standards in terms of the GDP per capita compared to countries with low energy consumption.

It is also worth noticing that the relationship is not linear. Below the 2500 kg of oil equivalent per
capita consumption, a small increase in the energy use comes with a rapid decrease in agricultural share
in the GDP. Above this level, no further change is expected. According to the regional distribution,
Africa shows a lower level of energy consumption and the share of Asia varies between the lowest
levels and the highest levels of oil consumption.
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Figure 3. The relationship between GDP per capita and the share of agriculture in GDP, 2016. (Source:
Own calculation and editing based on the database of the World Bank, 2019) [12].

Figure 4. The main connections between energy consumption, agriculture and the GDP per capita,
2013. (Source: Own calculation and editing based on the database of the World Bank, 2019) [L2].

3.3. Crop Biology

Crop production and harvest research have traditionally been limited to studies on the physiology
and genetics of plants, the creation of new plant varieties, the development of new agricultural
chemicals and the development of better agronomic methods [ 28]. Such research is necessary and
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