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Introduction & Rationale

For the third year in a row | have had the privilege to teach at the University of St. Gallen
(HSG), within the ,Context & Reflection” curriculum, a Masterclass entitled: “Megatrend
Global Demographic Change — Tackling Business & Society Challenges in 2030 and be-
yond”.

In terms of addressing these challenges, 2011 was a special year. In October the world wel-
comed its seven billionth inhabitant. From a historical perspective, that milestone was
reached in a very short time: it took over 50,000 years for the world population to reach its
first billion, but the last two have been added in barely 25 years. Even if the speed of popula-
tion growth continues to slow down, as it has done since the 1960s, the world population is
likely to continue rising over this century. The United Nations projects that by 2050 the world
population may be anywhere between 8.1 and 10.6 billion.

The future size of the world population depends greatly on the speed of fertility decline in
developing countries, in particular, among those that still have very high fertility. The figure
below shows UN estimates of the future world population based on low-, medium-, and high-
fertility assumptions. If the world population surpasses 10 billion by 2050, it will very likely
add several additional billions by the end of the century. To avoid that outcome, the 2050
population should remain close to 9 billion. Actions taken today can shape the path that fertil-
ity follows in the future and, in the process, can improve the lives of millions of women, their
children and their families. In addition, speeding up the reduction of fertility in high-fertility
countries will trigger changes in the age structure of their populations that are beneficial for
their development.

UN Projections of World Population under Three Fertility Assumptions
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Source: United Nations Department of Economic and Social Affairs, Population Division
(2011). World Population Prospects: The 2010 Revision, http://esa.un.org/unpd/wpp/index.htm

Taking action to reduce population growth is all the more urgent because rapid population
growth can magnify nearly every global problem that is scaled by population numbers.



Therefore the Global Agenda Council on Global Population Growth of the World Economic
Forum (WEF) agreed on several critical demography challenges which have to be addressed
and subsequently tackled by the public agenda in this century.

First, although experts agree that there is sufficient food to feed everyone today, important
changes need to take place to ensure food security for an additional two or three billion peo-
ple, especially if increases in demand are driven both by larger numbers of consumers and
potentially rising incomes.

Second, higher numbers of people will likely increase the impact of climate change, both be-
cause a larger world population would have a greater effect on global warming even if low
rates of economic growth prevail and because the most vulnerable countries have the fastest
growing populations and are already finding it difficult to adapt to the consequences of cli-
mate change.

Third, high population growth driven by high fertility has made it more challenging for devel-
oping countries to reduce poverty. Low-income households tend to have higher numbers of
children which strain the capacity of both governments and families to provide them with the
food, shelter, education, health and basic services they need.

Fourth, there are ongoing demographic shifts, such as urbanization and population ageing
that will transform economies and societies fundamentally. If rising urbanization in countries
that are still largely rural is not to be detrimental, it needs to be accompanied by job-creating
economic growth and adequate planning. The financial resources required to promote suc-
cessful urbanization are more likely to be strained if services have to be provided to a rapidly
growing population.

Fifth, high fertility increases the health and mortality risks of women and children, especially if
they are poor. Maternal mortality depends on the number and timing of the pregnancies a
woman has over her lifetime. Further, each additional child lowers the ability of mothers and
families to take care of and invest in each child.

Sixth, is another unprecedented challenge, but this time in the developed world,which be-
comes increasingly tangible and threatens an ever greater impact. It is the triad of “chronic”
below replacement fertility levels, shrinking working age populations and ongoing trends of
further increases of life expectancies or demographic ageing. Western population structures
will definitely shift within the next decades — but how will it be possible to maintain economic
growth, sustainable social structures, luxurious social welfare systems, pensions and unre-
stricted healthcare funding? There is no doubt: these are critical factors which have already
become critical in Japan and apparent in healthy old Europe. Sooner or later this “triad” will
challenge the competitiveness of the economies in the developed countries, the highly-touted
stability of their civil societies and finally also the acquired wealth of their citizens.

These are the terms of reference we all have to face in the 21% century. Managing these ob-
stacles also includes that leaders of today have to prepare the leaders of tomorrow accord-
ingly and properly.

This is the ultimate rationale and my personal motivation to give this class.

L http://www3.weforum.org/docs/WEF GAC SevenBillionGrowing Report 2012.pdf




In total, 24 students from 9 countries (Argentina, China, Croatia, Germany, Russia, Switzer-
land, Taiwan, Turkey, and the UK) embarked in my class. This energizing diversity truly re-
flects a “global platform” that has gathered, not only to work together under academic princi-
ples, but also to fuel the arising demographic challenges with fresh thoughts from different
cultures and backgrounds.

The task given to the students was to prepare an academic paper which they had to defend
in a presentation in front of the whole group. The 11 themes offered to the 2011 class were:

1. Demography meets Food Security
How to solve the apparently insoluble - Sustainable food security for a population of 10
billion without recourse to Thomas Malthus

Review the latest UN population forecast, describe patterns of food security since
1980 and predict demand till 2030.

Where are the challenges? Develop strategies to cope considering the critical
role of product innovation vs. process innovation.

Review the theories of Thomas Malthus and critically appraise if he is finally right
or wrong in 2030.

2. Demography meets Democracy
Impact of accelerating demographic ageing in Western societies on political space and
social sustainability

Introduce Europe’s demographic and social shifts, private incomes and pensions
over the time period 1950 — 2030.

One of the dimensions of this shift is a limit up to which intergenerational trans-
fers are feasible and accepted by the civil society. Over the past 30 years in
many Western democracies the income of retirees has progressed faster than
that of the working age population. This transfer is financed either by growing
debts or it is tax-financed by a shrinking working age population. However, how
long will it take to explode?

Describe this development for Europe, include each country’s political climate
and then compare this “stress factor” between the European countries. Elaborate
their choices!

Review and draw conclusions from the work of the French economist Christian
Saint Etienne.

3. Demography meets the Dependency Ratio
The future of the “Dependency Ratio” as a planning tool for states, societies and busi-
nesses

Prepare a literature review of this ratio and discuss its strength and weaknesses.



Analyze, for selected OECD countries, the evolution of life expectancy at birth,
healthy life expectancy at the age of 60, years of retirement and years in taxable
employment.

For the same OECD countries, analyze the social transfer budgets and their sus-
tainability by applying the conventional “Dependency Ratio.”

Given the ongoing demographic shifts, is this ratio still helpful or do we need dif-
ferent tools which take the achievements of better and longer health into ac-
count?

4, Demography meets the Demographic Dividend
“Demographic Dividend”, has it, and will it continue to keep its promises?

Prepare a literature review of this ratio, discuss is strengths and weaknesses.

Identify past country examples where either the forecasted demographic dividend
paid or not.

Identify countries with emerging youth clusters and discuss if the “demographic
dividend” is likely to occur.

Elaborate prerequisites where this ratio can be applied successfully and describe
conditions where the predictive value is limited.

5. Demography meets Japan
Can a shrinking and ageing society maintain wealth and economic growth?

Analyze the demographic history and develop a demographic forecast (till 2030)
for Japan.

Develop a plan of action which takes Japan’s culture, habits, skills and political
structures into account.

Is Japanese culture a driver or a bottle-neck?

Speculate what the rest of the world could learn from Japan in terms of managing
this demographic “stress test”.

6. Demography meets the Korean Peninsula
The demography of South Korea vs. North Korea, truly unequal twins

Describe the demographic evolution of both states since 1950. What have been
the drivers for change?

Compare health, education and economic indicators.



What is the forecast for 2030 and what are the implications from a political, social
and economic point of view?

7. Demography meets Emerging Markets
China vs. India who will win the race?

Describe the demographic evolution of both states since the 1970s. What have
been the drivers for change?

Identify the challenges and opportunities for both countries.

What is the forecast for 2030 - 2050 for both states and what are the implica-
tions?

How will their rise and future forecasts effect the global order in terms of the polit-
ical, economic, environmental, and investments perspective?

Where would you invest and why?

8. Demography meets the Alpine Region
The case of the Canton Grison, CH

Describe the demographic evolution of the Canton Grison since the end of the
19th century. What have been the drivers for change?

Use the Canton Obwalden as a reference/benchmark for comparative analyses.
What is the forecast for 2030 and what are its implications?
Depopulation: What will it result in?

Repopulation: What is the benefit from an ecologic, economic, and societal per-
spective?

Make an innovative proposal “healthy, wealthy and prospering Grison 2030.”

9. Demography meets Europe
2012 - the European Year for Active Ageing

The European Committee has declared 2012 the European Year for Active Age-

ing”.

Devise a strategy for the implementation of this European year and imagine you
would have to present your recommendations to the EU commissioner in charge
of this project.

Recommended additional literature: web sites of the EU Commission etc.



10. Demography meets the Office Space
How should different generations work together productively and longer?

« Describe the evolution of the workforce compositions in Western societies from
1980 — 2040 in a simulation.

*  What has changed? What will change?

*  What do we know about age-related skills, work styles and productivity and how
can they be maximized to the benefit of both the individual and the corporation?

* Leadership and generation management: What are the new prerequisites?

11. Demography meets Business
Micro Outlook until 2040

« Create a scenario of the global society by 2040 and by region.

¢ Conduct an extensive analysis of the impact of these dynamics on business while
considering the following drivers:

- Demographics and commaodities
- Demographics and aging

- Demographics and innovation

- Demographics and health

- Demographics and tourism

- Demographics and environment

To summarize, this book provides the views of future leaders in business & societies on the
guestions listed above — except topics 2, 6 and 11. Except of the topic “Demography meets
Food Security”, themes related to the developing and emerging countries are definitely un-
derserved. However, the lecturer assures already today that the burning and growing issues
concerning these regions will be a main focus of the 2012 class.

Since each paper has a focused executive summary, an easy knowledge gain is also possi-
ble for those readers with time constraints.

Both the class lecturer and the students are more than happy to answer any questions which
might arise when reading these papers. Our contact details are listed at the end of this
course document.

St. Gallen, February 2012
Dr. med. Hans Groth, MBA

Course Lecture
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Executive Summary

Food Security and the ever-growing population are two aspects which are very closely re-
lated. When all individuals have physical and economic access to food, such a state can be
defined as food security. The aim of this paper is to expose the idea of food security, to dis-
cuss its implications on growing population and to develop strategies in order to cope with
the world’s future, which is in some way clashing with its capabilities to feed its population.
Obviously, food production becomes an issue as humankind is forced to yield a bigger output
on the same amount of land without using more water in order to feed an increasing earth
population.

We show that the concept of food security is threefold. Its pillars are namely food availabil-
ity, accessibility, and utilisation. Food availability and accessibility are reasons why there are
people starving even though there is currently enough food being produced. Moreover, food
security refers to nutritional aspects with obesity being a growing concern. Therefore, man-
kind is in need of new forms of production, distribution and food awareness to avoid a Mal-
thusian catastrophe, especially when the UN forecasts predict the world population to grow.

A combination of urban living and agricultural production could be one sustainable ap-
proach to tackle production deficits, environmental shortcomings and demographic shifts.
Another methodology, which has the potential to significantly reduce the current uncertain-
ties, is to genetically modify organisms. As there are changing environmental factors of pro-
ductions, humanity is probably forced to adapt and breed new comestible goods that posi-
tively contribute to all aspects of food security.

Whatever solution policy makers around the globe are pursuing, it is important that
measures are put in place as the poor will suffer the most. If not, there are strong indications

that Thomas Malthus had a point after all.
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Introduction

The future of the world is in some way clashing with its capabilities to feed its popu-
lation, which has recently reached the threshold of seven billion people and still contin-
ues to grow. When all individuals have physical and economic access to food, such a
state can be defined as food security. The question is whether earth will be able to
maintain this state in the future as long as the population continues to grow. It might
also be the case that the population growth will face food insecurity issues or even fam-
ine and, therefore, will have to adjust its growth potential to the world’s feeding capaci-
ties.

The aim of this paper is to expose the idea of food security, see its implications on
growing population and develop strategies to cope with the upcoming issues. The pa-
per begins with an overview of the three pillars, on which the concept of food security is
based. These pillars are namely food availability, accessibility, and utilisation. The se-
cond chapter provides a short insight into the population growth trends of the past and
discusses the most recent UN population forecast. Based on these data, the reader
may become familiar with the upcoming food security issues in a form of a feature-
based forecast. The third chapter introduces a broad strategy approach on how to cope
with those issues on a global scale. Several particularly interesting measures will be
discussed in detail.

The final chapter of this writing is dedicated to the Malthusian theory, a nineteenth
century attempt to relate the future of food security to demography. The theory by the
British demographer Thomas Malthus had a huge scientific resonance over time. Now-
adays, it is especially interesting to see if his postulates have so far been true and if the

theory has any relevance in the future.



1. Food Security: Definition and the Three Pillars

Food security has many definitions. According to one of them (USAID, 1992), food
security stands for the following: “When all people at all times have both physical and
economic access to sufficient food to meet their dietary needs for a productive and
healthy life” (p. 2). The concept of food security is based on three variables (pillars):
availability, accessibility and consumption. Food availability deals with sufficient quanti-
ties of food from domestic production, commercial imports or donors; food accessibility
with adequate incomes or other resources to purchase foods; food consumption is
concerned with the proper use, adequate nutrition techniques and health services (pp.
3-4).

The next sections of this paper will discuss each of these three pillars in detail.

1.1 Food Availability

According to the U.S. Department of Agriculture (USDA, 2011) food availability is a
measure of basic food commodities at the farm level or an early stage of processing.
The total annual available supply equals to the difference between available commodity

supplies and non-food use, as shown in Figure below (Figure 1).

Figure 1: Generic Food Supply Formula

Available Commodity Supply Measurable Non-Food Use
Total Annual
Production + Imports + Farm Inputs + Exports + Foc:dms:""::v o
Beginning Stocks Ending Stocks odity

Source: USDA (2011).

According to statistical data of the Food and Agriculture Organization of the United
Nations (FAO, 2002), cereals have always been a major source of food for the world
population, both used for direct human consumption and as input to livestock produc-
tion. Countries such as China, the United States (U.S.), India, Russia, Indonesia, Bra-
zil, France and Canada have been the leading cereal producers so far. Today, these
eight countries account for 59% of the world cereals output (p. 32).

Since 1980, the world cereal production has grown by more than 60%.? Such in-
creases in crop production occur due to the following reasons: expansion of arable land
increases in harvest frequency and improvements in yield (FAO, 2002, p. 38).° North
America’s harvesting productivity has been growing faster in the past years in compari-
son to the other regions.” Its yields three decades ago were more than twice as high as

Africa’s yields are today. North American producers are also playing a crucial role in

See Figure Al in the Appendix.
Yield is "the amount of a crop that was harvested per unit of land area” (Investopedia, 2011).
See Table A2 and Figure A2 in the Appendix.



the world cereals trade — they account for about 30% of the world’s exports. Surprising-
ly, two major cereals producers, China and India, have only a 3% contribution to the
world’s cereals exports (FAO, 2011a; FAO, 2011b).

Livestock accounts for about 40% of the world agricultural production in terms of
gross value and provides world population with meat and dairy products (FAO, 2002, p.
58). Today, China, the United States, and Brazil account for 50% of meat production in
the world.® Production of meat in Asia has more than tripled over the past three dec-
ades. The share of Asian meat producers in world output increased from 20.9% in
1980 to 41.3% in 2009 (FAO, 2011a).

Is the world actually supplying sufficient amount of food to its growing population? In
order to answer this question, the idea of sufficient amount of food should be defined.
In The Atlas of World Hunger, Bassett and Winter-Nelson (2010) use a calorie-based
approach to calculate the basic amount of food required for healthy living. The widely
accepted daily recommended nutrition equals 2,100 kcal (pp. 15-18). As stated in the
UN publication Food and Nutritional Needs in Emergencies (UNHCR et al., 2002),
“three agencies have adopted 2,100 kcal as their initial planning figure for calculating
energy requirements”.® At the same time, 2,100 kcal is supposed to maintain the nutri-
tional status of a human engaged in light work (pp. 7-8). Hence, some researchers set

daily energy needs at the level of 2,300 kcal (Basset and Winter-Nelson, 2010, p. 18).

Figure 2: Daily Supply of Energy Needs
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In terms of annual production, the Asian region was able to surpass the threshold of

See Table A3 in the Appendix.

The three agencies are the United Nations High Commissioner for Refugees (UNHCR), United Nations
World Food Programme (WFP) and United Nations International Children's Emergency Fund
(UNICEF).



2,300 kcal in the 1980s, Africa in the 1990s (Figure 2). On a global scale it means that
the world population is supplied with enough food. At the same time, having looked
more specifically at 145 different countries, FAO concluded that populations of 19
countries suffer from inadequate food supply (Table 1). Moreover, if the energy thresh-
old rises from 2,100 to 2,300 kcal the number of countries with scarce food supply will

double.’

Table 1: Food Availability Adequacy Estimates Based on Minimum Daily Energy Needs

o 2,300 kcal./day 2,100 kcal./day
Food Availability - -
No. of Countries No. of Countries
Grossly inadequate (0% — 89%) 14 5
Inadequate (90% — 99%) 26 14
Barely adequate (100% — 109% ) 16 21
Adequate (110% — 125%) 31 23
Abundant (125% — 165%) 58 82
Total 145 145

Source: Bassett and Winter-Nelson (2010, p. 17).

The future of food availability still depends on several major producers and export-
ers of cereals and meat, although the importance of a few has been diminishing over
time. Data show that several countries still suffer from inadequate food supply, even
though the world food supply seems to be enough to satisfy daily caloric needs of each
individual, and most of the countries produce or import a sufficient amount of food.

Food availability provides a starting point for analysing food security issues at a na-
tional scale. However, food availability alone cannot tell anything about the access to
food and consumption patterns at the household level. In reality, some countries such
as Brazil have abundant food supply, but still suffer from undernourishment as a result
of unequal food distribution (Basset & Winter-Nelson, 2010, p. 16). In order to explain
deeper reasons of food security problems, the concept of food accessibility will be ex-

plored in the next section.

1.2 Food Accessibility

An important factor of food accessibility for a large number of people is the price.
The rising prices for agricultural commodities contributed to an increase in hunger
worldwide. In 2006 and 2007, prices rose sharply and continued to do so in 2008. Even
though a stabilisation can be seen today, prices remain above the pre-2004 level. By
mid-2008, real food prices were 64% above the levels of 2002. Such an increase has
not occurred since the international oil crises in the early 1970s (FAO, 2008, p. 9). In

general, the food price index has increased since the end of the 1980s (Figure 3). With

! Figure A3 in the Appendix illustrates how unequally food supply per individual is distributed throughout

the world.



the exception of sugar, the price development of goods such as meat, dairy and cere-
als is more or less in line with the oil price over the years and are today significantly

higher than two decades ago.

Figure 3: Real Food Price Indices
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The underlying reasons for this rise in prices can be divided into two groups: Supply-
side and demand-side forces. The following aspects belong to the first category. Firstly,
the world’s major cereal producers such as China, the EU, the U.S. and India changed
their agricultural policies. As a result, cereal stocks declined compared to previous
decades, which in turn led to a bigger volatility in prices as uncertainties about the suf-
ficiency in times of production shortfalls prevail. In addition, production deficits due to
unfavourable weather conditions including droughts and floods contributed as well to
the increasing value of agricultural commodities. A third and important influence is the
price of petroleum as they are strongly correlated. Especially higher costs for transport
and fertilizers as the main drivers resulted from the stronger oil price (FAO, 2008, pp.
9-10).

The first important factor of the demand-side forces is the biofuel demand. The in-
creasing need for commodities such as maize, sugar and palm oil caused a surge in
their prices for the developing countries. Government policies to support the biofuel
industry as well as the oil price further contributed to higher food prices. Another signif-
icant reason on the demand-side are the changing consumption patterns. Furthermore,
increased urbanisation and rapid economic growth in countries like China, India and
Brazil have led to a boost to purchasing power of millions of people. This new wealth
as well as changes in the diet, such as a higher consumption of dairy products and
meat, has amplified the demand for cereal (FAO, 2008, pp. 10-11).



Other reasons, such as trade policies and financial markets, have to be taken into
consideration as well. The former include export restrictions and speculative re- and
pre-stocking, which have deep impacts on the price building. The last-mentioned rea-
sons point to the fact that new type of investments in derivative markets are based on
agricultural commodities, which again contribute to the increased volatility of prices.

In general, hunger has been decreasing in the past decades with the vast number of
undernourished people still concentrated in the Asian and African regions.® Hunger is a
dimension of extreme poverty because “not every poor person is hungry, but almost all
hungry people are poor” (The Hunger Project, 2008). As of 2009, the World Bank
(2008) estimated that there were 1.4 billion poor people who lived on $1.25 a day or
less, compared to the FAO (2009) approximation of 1.02 billion undernourished people
worldwide. Poverty reduction has been concentrated in Asia, whereas in Sub-Saharan

Africa, the number of extremely poor people has even increased.

Figure 4: World Hunger Map
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Source: FAO (2010b).

The World Hunger Map (Figure 4) shows the occurrence of undernourishment in the
total population of developing countries as of 2010. Similar to food supply adequacy,
severe undernourishment exists when caloric intake is below the minimum daily energy
requirement (with some taking 1,800, 2,100 or even 2,300 kcal taken as a minimum
(see chapter 1.1)). The map shows that the world is grouped in a north-south differ-
ence. Especially, countries in sub-Saharan Central Africa suffer heavily from under-
nourishment. In fact, the whole continent Africa faces a huge challenge regarding food
security. Moreover, problems occur in the Middle-East and in central Asia as well as

Central and South America. Typically, the Western countries of Europe, North-America,

® See Table A4 in the Appendix.



Australia and New Zealand as well as Russia do not have any troubles with undernour-
ishment according to this map.

Looking to the future, higher prices for food will probably persist. Not considering
short-factors, the main drivers like the further raising purchasing power, strong biofuel
demand and high petroleum prices seem to last and therefore may prevent the prices
for agricultural commodities to fall in the next decade. On the other hand, high food
prices can present incentives for bigger investments in the agricultural sector, which in
the long term can improve the food security. In addition, volatile food prices are also
likely to continue due to the stronger connections between energy and agricultural
markets as well as a possible increase in the frequency of weather shocks (FAO,
2011d, p. 2).

1.3 Food Utilisation and Nutrition

The third pillar of the food security framework is based on the term food utilisation,
which refers to how well individuals utilise the food that they can access. However, this
definition has to be reviewed in more detail in order to thoroughly tackle food security
as a complex sustainable development issue. In the broader sense, food utilisation
describes the circumstance of how well individuals utilise the available food that they
can access. In literature this has often been discussed and assessed in reference to
dietary quality, proper food processing and storage practices as well as to the estab-
lishment of non-food resources such as childcare, health care and appropriate health
and sanitation facilities.

In recent years, special attention has been spent to the phenomenon of obesity as a
form of malnutrition®. Not only the American society, but also China and India are fol-
lowing the trend of other developing countries that are steadily becoming more and
more obese.’! In 2006, the MSNBC (2006) reported that there are an estimated 800
million people suffering from hunger, whereas on the other hand more than a billion is
considered overweight worldwide. In China and India nearly 20% of their respective
population size is overweight or obese and the problem is getting worse for children,
especially boys (MSNBC, 2006). Comparatively, the U.S. exhibits one of the highest
quotas of obesity worldwide, with more than 60% of American adults being overweight
or obese (MSNBC, 2006; Sinha, 2010). The issue of food security therefore not only
addresses those who either lack “sufficient quantities of food available at a constant

basis” (FAO, 2005) or are not “having sufficient resources to obtain appropriate foods

°®  See Coles (2005), Albritton (2010), Prewitt (2004).

10 see for example Duffey, Gordon-Larsen, Jacobs, Williams, & Popkin (2007), Nelson, Gordon-Larsen,
North, & Adair (2006), Nielsen & Popkin (2003), Pereira et al. (2005), Rodriguez & Moreno (2006).
Definitions of obesity and overweight are not arbitrary, but are based on the internationally accepted
standards (WHO, 2000, p. 6).

11



for a nutritious diet” (FAO, 2005), or both, but continuously draws its attention to the
misuse of available and accessible food.

Thus, in the narrower sense, the third pillar of food security refers to the people’s
and household’s food behaviour as well as their allocative understanding and con-
sumption patterns. For developed countries the main concern is to choose the right
kind of food. Fast food and other sort of “inferior” comestibles, which generally are low
in cost and nutrient value, exhibit a large amount of calories and usually are heavily
promoted. As mentioned in the previous section, patterns of food consumption are be-
coming more similar throughout the world due to the world’s exposure to North Ameri-
can and European dietary habits and increased international trade in foods. Changes in
diet also reflect the growing incomes and affect the global demand for agricultural out-
put, encompassing such expensive foods as meat and dairy products (FAO, 2002, p.
19). A good accessibility and the increasing affordability of this kind of food combined
with gradually urbanised, automated and more sedentary lifestyles can lead to disad-
vantageous eating habits (Gardner & Halweil, 2000).

However, overeating is growing in poorer and less developed countries as well,
even where hunger and poverty remain persistently high. In Colombia, for example,
more than 40% of adults are overweight, a humber that rivals those observed in Eu-
rope. In China, consumption of high-fat foods has risen while the food diet with rice and
other originally consumed goods has fallen (Gardner & Halweil, 2000). According to a
survey commissioned by the World Health Organisation, China was expected to lose
$558 billion “in foregone national income due to heart disease, stroke and diabetes
alone” between 2006 and 2015 (WHO, 2011a). Furthermore, both hunger and obesity
might lead to a reduction of a person’s physical fitness, to an increase in the suscepti-
bility to maladies and shortening of life expectancy (Gardner & Halweil, 2000). Addi-
tionally, children lacking vital nutrients during growth can suffer from constantly re-
duced mental capacity and disturbances of growth (Bassett & Winter-Nelson, 2010, p.
37). From a national perspective, hunger and obesity have a negative impact on edu-
cational completion and on economic productivity, while hampering the liability of
health care and generally reducing a society’s well-being.

Hence, the epidemic of poor eating has equally become a substantial handicap to
development in rich and poor countries alike. The origins for the malnutrition, however,
are numerous. Major causes of malnutrition include poverty and food prices, agricultur-
al productivity, climate change and dietary practices. The latter is closely related to the
above mentioned consumption behaviour and cultural idiosyncrasies. In China and in
many other countries the obesity epidemic for example might be rooted in lax social

attitudes towards chubby body shapes and body fat. According to Yangfeng Wu of the



Chinese Academy of Medical Sciences in Beijing, “in Chinese culture, there is still a
widespread belief that excess body fat represents health and prosperity” (MSNBC,
2006). Furthermore, the Chinese vice health minister states that “the Chinese popula-
tion does not have enough awareness and lacks knowledge of what is reasonable nu-
trition and diet” (BBC News, 2004). Combined with the prevalence of advertising for
calorie-dense low-nutrient foods as a significant contributor to the obesity, people often
are not able to make reasonable consumption choices.

Having food to eat, whether the food was purchased at the store or grown at home,
is not the end of food security. In order to face the problem with obesity some chal-
lenges have to be met.'? Firstly, there has to be a guarantee that for consumers the
healthy choice is the easy choice. Thus, food labelling, which, in theory, is meant to
make choosing healthy alternatives easier, has to be consistently implemented. Sec-
ondly, consumer trust in food has to be taken serious. In order to meet this challenge
the understanding of consumer behaviour must be enhanced. Thirdly, it must be en-
sured that food products comply with consumer demands for nutrition and health.
Moreover, a healthy diet ought to be provided. Consequently, it is essential to develop
new and successful food-based strategies to improve people’s health and to reduce the
risk of diet-related diseases.

To conclude, the three pillars help examine all components of food security, such as
supply, demand, and consumer behaviour. Over the last decades, the world has been
able to produce more food than required to fulfil daily energy needs of each individual.
Nonetheless, in particular countries, food supply is still inadequate and, therefore,
serves as a main reason for undernourishment. In those regions where enough food is
supplied, the reason for unequal food distribution lies in poverty. The issue of hunger
primarily affects few particular regions like Asia, sub-Saharan Africa, and Latin Ameri-
ca. The magnitude of undernourishment has been decreasing in both percentage and
absolute terms. However, there is another nutrition problem, which is now becoming an

important problem of the century — obesity.

2. Population Growth Meets Food Security

As we have seen in the previous chapter, food security can be seen as three-
dimensional concept. In the next step, this concept will be merged with the demograph-
ic development in the next 20 years. To begin with, the population forecast until 2030

according to the United Nations will be analysed. Subsequently, the most pressing food

2 Of course, for the more than 800’000 people starving first access to and availability of food must be

ensured.



security issues will be examined. Finally, a food security forecast shall identify where it

is necessary to find strategies in order to solve the problem.

2.1 The UN Population Forecast

At the end of the twentieth century, world population has passed 6 billion and has hit
the 7 billion mark very recently on the 31% of October 2011, according to United Na-
tions Population Fund (UNFPA, 2011). Between 1987 and 1999, the addition of a bil-
lion people took place over a 12-year period. It is expected that the 8th billion will come
about in 13 years. According to the population Division of the Department of Economic
and Social Affairs of the United Nations Secretariat (UN, 2011), the population of the
world is likely to rise by 1.4 billion during the next 20 years, from 6.9 billion today to 8.3
billion in 2030 (Figure 5). Since 1980 until today the growth accounted for 2.4 billion
human beings. This increase in world population will take place mainly in the less de-
veloped regions of the world, particularly in fragile countries in terms of politics, econ-
omy and environment. That projection is based on declining fertility rates, if they do not
fall as anticipated, figures might be even higher. Especially the countries with the least
development are most likely to have the biggest population growth with further impacts
on their ability to tackle these already huge challenges. In the more developed regions
however, the change is expected to be far less dramatic in terms of population figures.
Currently, there are slightly more than 1.2 billion persons living in Western countries.
Nevertheless, demographic changes will occur too, as fertility rates will continue to de-
cline under the replacement levels. Moreover, shrinking working-age populations and
increasing numbers of retirees will further challenge the Western countries (UN, 2005).
The most dramatic changes however, will occur on national level. Six countries account
for nearly half of the current annual population growth of about 76 million: India (22%),
China (11%), and Pakistan, Nigeria, the United States of America and Bangladesh
(about 4%). As a result, India will overtake China as the most populated country in the
world by 2030. Africa is the fastest growing continent. The current population of Sub-

Saharan Africa is today little more than Europe and a fifth of Asia’s (Economist, 2011).



Figure 5: The World Population between 1980 and 2030
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2.2 Food Security Forecast

After the world food situation has never appeared better for a long time, the world is
now entering a new food era. Not only will it be characterised by rising food prices and
rapidly growing numbers of people starving, as discussed above, but as well by an in-
tensifying conflict about land and water resources across national borders. As a result
of persistently high food prices and the swelling phenomena of hunger and obesity, the
early signs of a worsening food situation cannot be ignored. As time is passing by and
the world’s population has currently reached the size of 7 billion, food seems to be the
weak part in today’s global society, as it has been a couple of times in the history of
mankind. However, this time the causes, circumstances and solutions are manifold
and, therefore, posing probably the biggest challenge which humanity has to face at
the moment.

When providing a subjective and rather qualitative food security forecast, as it is
done in this paper, it is worth picking up some main conclusions of the three pillar
framework from the first part of this paper. First, current food production technologies
and schemes are considered to successfully face today’'s world demand. However,
world’s future food supply could fall short of world food demand, if the on-going envi-
ronmental trends make it difficult to expand food production fast enough. Second, even
if all food producers on earth are and will be able to provide every single individual with
a sufficient amount of daily nutrients, there still might be hundreds of millions people
starving. Be it persistently high food prices, driven by a continuously increasing pur-
chasing power, biofuel demand and petroleum prices, or deficient logistic accesses,



there will be people dying from not receiving their share of food available. Third, there
are as many people starving as there are people being obese. If the future consump-
tion behaviour of those being able to access food does not change, this ratio is likely to
change, having a negative impact on the attention earlier devoted to hungry persons.
This scenario might then lead to a distortion of the public eye and thus a drop in devel-
opment aid.

Having stated these key findings, some of them need to be considered more careful-
ly in order to better understand how the future food security could evolve. With a spe-
cial regard to the development of food production, as well as its drivers and its implica-

tions, trends and threats of food security issues are further being discussed.

2.2.1 Food Availability

Every single year there are nearly 80 million people being added to the world’s din-
ner table, the number expected to rise over the coming years (Burman, 2011). Driven
by three current and future trends from the demand side, population growth, rising con-
sumption of grain-based animal protein and, most recently, increasing use of grains for
the production of bio fuel (Brown, 2009, p. 29; Love, 2010), governments and the food
industry have to step up in order to meet the problem of falling per capita food produc-
tion. However, on the supply side environmental developments could make it increas-
ingly hard to expand food manufacture possibilities, as stated above. Phenomena like
soil erosion, groundwater depletion, crop yield shrinking heat waves, glacier meltdown,

and rising sea levels could occur more frequently. Apart from that, three resource

trends are expected to have further negative Figure 6: Development of per Capita Availability
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ing, over ploughing and deforestation resulted in the partial or complete abandonment
of more than 24,000 villages and their surrounding croplands (Brown, 2011). The prob-

lem is and will be that without any further measures, incentives and/or policy changes




the loss of topsoil is expanding and, thus, virtually impossible to reverse. Recent devel-
opments support this view. Arable land expansion has slowed down significantly in the
last five decades, which implies that the largest parts of best arable land are already in
use (Figure 6). This, together with a substantial demand increase for food due to a dai-
ly population growth of 200,000 people, led to a reduction of the per capita amount of
arable land by 50%. In order to feed the new arrivals at the world’'s food table, every
single day an additional acreage of cropland the size of Greater London, or twice the

size of Singapore, is needed.

Figure 7: Development of the Total Global Arable Since this is neither happening at
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the moment, nor expected to happen
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Source: FAO (2009); UN Population Division (2006) hot for agricultural activities), ice (too

cold for agricultural activities) or forestlands, which shall not further be diminished.
Moreover, due to the reduction of production gains from the Green Revolution and the
fact that it is becoming harder to increase global food production by the use of conven-
tional means the food production is increasing significantly slower than the world popu-
lation. However, cropland is also being lost to the rising phenomenon of urbanisation.
For the first time in human history half of the world’s population, or about 3.3 billion
people, live in urban areas (Dugger, 2007). By 2030, this number is expected to rise to
5 billion people (UNFPA, 2007). Consequently, according to the FAO the size built-on
areas will enlarge by 75% by 2030. Further, if all of the expected expansion of cities
were to take place on farmland, an area as big as France would be lost to urbanisation
by 2030. Nevertheless, rising productivity growth could reduce the amount of land
needed to produce a given amount of food by around 56% (FAO, 2002, p. 41).
Whereas the loss of topsoil started with the extensive cultivation of wheat and bar-

ley, the phenomenon of falling water tables is a quite recent one, simply because of the

13 See Figure A4 in the Appendix.



fact that high capacity pumping stations to deplete aquifers have only recently been
developed. In countries like India and China, which all extensively use high capacity
pumping stations, an estimated 400 million people are being fed by over pumping, “a
process that is by definition short term” (Brown, 2010, p. 30). Saudi Arabia currently
faces the problem that its major aquifer, a non-replenishable fossil aquifer, is going to
be depleted by 2016, making Saudi Arabia entirely relying on imports for wheat.'*
However, the scarce resource of water is already facing high and unsustainable de-
mand from all sorts of users. Since cities increasingly channel water from the surround-
ing areas, farmers find themselves in an unequal competition for the acquisition and
use of water.'® Reports show that if current water policies continue, food producers will
find it very difficult to meet the world’s future food needs (Rosegrant, Cai & Cline, 2002,
p. V). As usual, the poorest people are expected to be those hit the hardest. But even
countries regarded as relatively better off in terms of water availability, e.g. Brazil, Rus-
sia, China and India, suffer from water shortages. And since water demand will likely
grow by 70% until the end of 2030, water scarcity could by then be one of the biggest
problems humanity has ever faced. In this context, it is crucial to understand that future
food security, people’s livelihoods, industrial growth and environmental sustainability
are heavily influenced and driven by the current and future water development. Human
needs are considered to grow with increasing population, be it for direct consumption
or for secondary usages such as energy production, agricultural, commercial and in-
dustrial activities. The sustainability of water resources is adversely connected to these
increasing demands. If then over the coming decades climate change is going to hap-
pen as expected,'® water will be under severe stress.

However, the future of food production and water is highly uncertain. Some of this
uncertainty is due to uncontrollable factors such as weather conditions. But other fac-
tors can have considerable effects of future food and water security, too. These factors
are influenced by people’s needs and choices and generally encompass factors like
income and population growth, investments in technologies, allocation of (scarce) re-
sources to various uses and policy changes. Therefore, policy decisions and the ac-
tions taken by millions of individuals determine the future drivers of long-term food sup-
ply and demand. In the literature, various scenarios are being discussed that show the
different outcomes that policy changes produce.'” Since all or none of them may actu-

ally happen and, therefore, be right or wrong, we rather state the following two things:
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s Saudi Arabia produces 2.5 million tons a year of wheat, enough to meet national demand.

In California thousands of farmers find it more profitable to sell their irrigation water to Los Angeles and
San Diego rather than using it for farming activities. China as well is channelling a lot of irrigation water
from rural to urban areas.

8 See Gleick, 1989; Hurd et al., 1999; Jacobs et al., 2001; Bates et al., 2008; Brekke et al., 2009.

7 see Rosegrant, Cai & Cline, 2002; Rosegrant, Agcaoili-Sombilla & Perez, 1995.



First, future food availability will be shaped by further conversion of farmland to urban
uses, by land degradation and by other factors such as productivity growth and climate
change. Second, future food security will further be jeopardised unless policy makers,
industries and individuals collectively team up to slow population growth down, mitigate
climate change, protect aquifers, conserve soils and maintain farmlands. Thus, from
the production perspective the question is: Will the world food output expand fast
enough to keep track with the gradually growing demand? Chapter 3 addresses this
guestion by discussing measures that could increase food production output in the fu-

ture.

2.2.2 Food Accessibility

At risk are more than 800 million food-insecure people, most of them living in rural
areas and dependent to some extent on agriculture for their income.® At risk are a fur-
ther 2-2.5 billion people meeting their daily needs with an income of USD one to two
per day. These people therefore heavily depend on two things: First, on the price level
of food and, second, on the price level of commodities and land. If only one of these
two prices rises, 3 billion people could be pulled to an even more food-insecure state.
Therefore, the question is: Will all people, at all times, have physical and economic
access to food? In response, as world food security is deteriorating, some countries
start to ban or limit grain exports. Other countries lock up future grain supplies by nail-
ing down long-term bilateral trade agreements. However, the potential and the large
global expansion of biofuel production allure individual countries, industries and farm-
ers, which very often are acting in their narrowly defined self-interest. By using more
and more farmland or crops for the production of biofuels rather than for the supply of
food, the access to food is going to be hampered, unless governments set out to im-
plement according policies and action plans. Still, the so-called “food vs. fuel” debate
appears to have been exaggerated in many cases. The topic is far more complex than
it has usually been presented since agricultural and export policy and the politics of
food availability and accessibility are issues of far greater significance.

Determining future food accessibility itself is rather complex. Since accessibility of
food heavily depends on food and food resource prices, its future is directly connected
with the development of the production of food, its allocation and the access to agricul-
tural commodities. However, food availability does not guarantee food accessibility.
Government policies must foster the equal distribution of food within nations, regions
and communes. Moreover, for food to be accessible, individuals and families have to

be able to afford the food prices on the market. But when looking to the future, it is like-

18 People with a daily income of less than USD 1 spend most of it for food (Banerjee & Duflo, 2007).



ly that high prices for food will persist, making it for many people difficult to obtain nutri-
ents in sufficient amounts, if at all. We therefore state, that as long as in developing
countries poverty, wars and civil conflicts, corruption and national policies that do not

promote equal access to food for all persist, food security will not become reality.

2.2.3 Food Utilisation

As discussed in chapter 1, there are several factors that influence food utilisation.
There are eating patterns and habits (nutritional taboos and traditional beliefs vs. con-
venience), understanding of nutrition (level of education, nutritional knowledge), quanti-
ty and quality of food eaten (number of meals per day, diet balance and food safety)
and access to clean water. According to several reports today’s and future’s prevalent
problem are eating patterns and habits, which cause to phenomenon of obesity,* oc-
curring not only in developed but in less developed countries, too. Forecasts suggest
that every country in the developed world will most likely see rising rates of obesity and
overweight people over the next ten years. Even though levels of obesity vary widely
from country to country, an OECD working paper expects the rate of increase to slope
up at roughly the same incline in different countries (Sassi et al., 2009). This will finally
affect future population health and economics. Interestingly, healthcare cost curves
basically mirror the curves of obesity development, therefore leading to the conclusion
that deficient food utilisation causing obesity does have negative effects on the
healthcare expenses.

However, it is worth noting that this trend is particularly marked among lower income
groups, suggesting that richer countries are more able to educate people with regard to
food consumption and nutrition needs (Babey, Hastert Wolstein & Diamant, 2010). This
would imply that poorer countries will have to deal with even more increasing obesity
rates, and, on the back of that, will be experiencing ever higher burdens of ill health
and healthcare costs. Consequently, factors predominantly related to the diet and life-
styles of those with low incomes are putting them at particular risk of obesity. How to

address this will be discussed in chapter 3.

3. Strategies to Cope with Food Security Issues

According to the forecast, the future of food security is not going to be trouble-free.
For that reason, a global food and nutrition strategy should be established in order to
solve the issues of the present and mitigate possible risks in the future. In this paper,

we would like to discuss our strategic approach to the food security problem.

¥ See Drewnowski & Darmon (2005), Dehghan, Akthar-Danesh & Merchant (2005), de Onis & Bldssner

(2000).



The food security strategy is supposed to cover three generic levels: processes,
products, and lifestyle. The idea of the pyramid means that each upper level cannot
exist if the lower one has not been fulfilled. As shown in Figure 8, three levels are par-

allel to the three strategic goals.

Figure 8: Food Security Strategy Pyramid
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The future of food security relies on sustainable food production and distribution
throughout the world. Therefore, processes lie in the basis of the pyramid. Obviously,
product quality upgrades, if they are not reachable by the people, do not bring any val-
ue added. Consequently, the product component constitutes the second level of the
pyramid. Finally, the third level is given to the healthy lifestyle, which has to be promot-
ed among the population as long as the latter has unrestricted access to high-quality
foods.

According to the Business and Industry Advisory Committee to the OECD (BIAC,
2009), the future of food security first of all relies on productivity increases since the
world’s natural resources are limited. As a result, innovative technologies for both
products and processes are increasingly important to meet the growing demands of
demographic developments (p. 2). Thus, our strategy seems to be closely related to
the ideas of product and process innovation. Product innovation means “introduction of
a good or service that is new or significantly improved with respect to its characteristics
or intended uses” (OECD, p. 48) whereas process innovation is the “implementation of
a new or significantly improved production or delivery method” (p. 49). In other words,
process innovation relates to the improved farming techniques while product innovation
relates to new crop varieties derived through conventional hybrid as well as biotech
breeding techniques (BIAC, 2009, p. 2).

Of course, the food security problem is of a complex nature — in reality, various stra-
tegic measures can affect two adjacent levels of the strategy pyramid and help achieve
more than one goal. The final pages of this paper outline the most extraordinary

measures in the areas of product and process innovation and slightly touch the ques-



tion of a healthy lifestyle.

3.1 Improve Food Availability and Access

Population growth and threatened food security demand new forms of organising
food production and food allocation. One way to address this challenge is by asking
where the vast majority of food is being consumed and allocated. Only a century ago,
the predominant majority of the world’s population lived in rural territories, character-
ised by small-scale housing estates, exiguous socio-economic systems and agricultural
production activities. Now, after one hundred years of extensive rural-urban migration,
the unstoppable surge in urban growth is no longer caused by (rural) migration, but by
natural increase (demographic shifts) instead (UNFPA, 2007). In fact, urbanites will
outnumber peasants within less than ten years, leading to a situation where cities be-
come mega-cities and where these cities demand the highest amounts of food and
water.

However, the patterns and dynamics that today’'s urbanisation processes have
achieved — expanding their size at the expense of cropland and diverting irrigation wa-
ter away from farmland and into the city — will not only be crucial to the long-run sus-
tainability and habitability of Earth, but to the survivability of millions of people, too.
Therefore, the next decades will show whether humanity will be able to cope with and
even make use of the process of urbanisation, or whether, alternatively, will have to
face risen poverty, water shortages, loss of biodiversity, hazardous waste, smog,
ozone depletion and desertification caused by urban development.

Hence, it is not surprising that today’s food security considerations, carried out by
governments all around the world, very much take into account urban planning pro-
cesses and developments. In fact, cities are at the forefront of our most pressing food
security challenges which require governments, public and private organisations as
well as individuals to take a fresh perspective at how food can be produced, allocated
and consumed in crowded urban areas. The question is how to plan, build and/or ad-
just a city more sustainable, efficient and self-reliant which does as little harm to the
ecological surrounding and to people starving as possible. Therefore, the reassess-
ment of today’s situation of cities within the limits of their capability to foster food avail-
ability, accessibility and utilisation not only poses a serious challenge, but offers hope
and confidence for achieving food security through the possibility to build or transform
cities in such a way that less people live under insecure food conditions than before.
Key words in this context are urban agriculture, local food and community develop-

ment. And two of the key measures to achieve all this are food parks and vertical farm-



ing.?° Moreover, by understanding a city as a system with several sub-systems (e.g.
quarters) it becomes clear that analyses and suggestions provided by the concept of
food parks and vertical farming base on micro-level observations.

The nourishment of the dwellers cities’ sub-systems can be provided by “food parks”
as well as by integrated vertical farming, delivering food efficiently, environmentally
friendly and independent from weather and climate conditions. In this high-tech agricul-
tural plant, meat, fish, eggs, vegetables and fruits are produced on different floors,
which mutually supply each other with fertilizer, forage and energy. The comestibles
are leaving the building already packaged and ready for consumption because of the

integrated slaughterhouse and industrial packaging factory.

3.1.1 Food Park

The building consists of several stories, which are all interconnected.”* In the base-
ment, a fish farm is exploiting the slaughterhouse waste, which arises from the pig, cow
and chicken butchery situated on the ground floor. The animals are bred on the first
floor in a closed airtight space with access to open air terraces. Grasshopper and other
insects, which are bred on an intermediate floor, supply protein-rich forage for the pigs
and cows and act as biological pesticide. The animals’ exhaled air in form of carbon
dioxide is collected and used for the growing of plants, vegetables and fruits on the
upper stories. The slurry and droppings of the animals can be concentrated and used
as an organic fertiliser for the plants as well. Moreover, the lost heat from the animals
together with the biogas from organic waste and dung could be used for the heating of
the building. In the top floors which are exposed to sunlight, green houses with trans-
parent grounds make sure that the vegetable and fruit plants get as much light as pos-
sible. It is important that there is on-site grain production, so that forage imports for the
animals are down to a minimum. Moreover, the usage of different types of water (water
for cleaning and maintenance, high-quality drinking water) allow the food factory to be
integrated in the water cycle of the sub system, which in turn also provides the irriga-
tion of plants. Computer systems monitor the watering and nutrient uptake as well as

the ripeness condition, hence minimising losses through spoilage.

3.1.2 Living Towers
The living towers themselves provide another opportunity to grow plants and crops.
Harvests could be enlarged through new species of wheat (maybe genetically modified,

see chapter 3.2) together with new cultivation techniques such as drip irrigation, aero-
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o The phrase vertical farming was coined by Gilbert Ellis Bailey in 1915 in his book Vertical Farming.

See Figure A5 in the Appendix.



ponics and hydroponics. Especially higher floors and the roof tops are more suitable
because of the increased allocation of sunlight. Transparent building materials with
integrated solar panels play a vital role in the architecture of such towers. In addition,
these buildings have a rotatable basement, based on magnetic levitation in order to

follow the course of the sun and therefore maximising light and energy production.

3.2 Improve Quality of Food

As we have seen in chapter 2, food availability for an ever-growing population is a
huge problem. The current agricultural production could fall short of the demand due to
the fact that it is difficult to expand the output of the current arable land. Problems, such
as desertification, soil erosion, groundwater deletion and urbanisation, further worsen
the chances of keeping up the food production with the population growth. Clearly,
opening up more undeveloped land for cultivation to meet production needs is no long-
er an option. Moreover, the fresh water available per person has decreased fourfold in
the past 60 years (UNEP, 2002). Thus, food production must increase on the same
amount of arable land while using less water. Because of this challenge, an important
goal of the improvement of agricultural crops is to adapt our existing food production to
increasing temperatures, less water availability in some areas and flooding in others,
rising salinity and changing pathogen and insect threats (Ronald, 2011). Parallel to
increasing population numbers and demand for food we have seen in chapter 1 that
there is sufficient food, but also an abundance of unhealthy food. Obesity is becoming
more and more a problem throughout the world. Applications of genetically modified
food could contribute to solve this difficulty as well.

One possible solution to food crises in terms of production, but also food utilisation,
could be Genetically Modified Organisms (GMQO'’s). According to the World Health Or-
ganization (WHO) these organisms can be defined as “organisms in which the genetic
material (DNA) has been altered in a way that does not occur naturally” (WHO, 2011b).
The principle is that individual genes can be transferred from one organism into anoth-
er, also between non-related species. These GM foods are produced due to the fact
that there are some perceived advantages for the consumer as well as for the produc-
er. Advantages can generally be lower prices, better nutritional value and benefits in
terms of durability (WHO, 2011b).

3.2.1 Insect- and Viral-resistant and Herbicide-tol  erant Crops

With the evolvement of genetics a variety of alternatives to the chemical control of
insects is available. For instance, cotton and corn have been genetically engineered to
produce proteins from a bacterium that kill some key caterpillar and beetle pests of

these crops. As research showed, these so-called Bt toxins caused little or no harm to



other non-target organisms including beneficial insects, animals and human beings.
With the use of genetically modified plants resistance to a harmful virus can be engi-
neered, harvests saved and diseases kept under control. Similar plants have been in-
vented to fight harmful weeds, the herbicide-tolerant crops. Weeds compete for nutri-
ents and sunlight with crop production and, therefore, are a major limitation. Many of
the herbicides used to fight these weeds have been classified as toxic to animals, hu-
man beings and groundwater. There are, however, newer herbicides that are consid-
ered as non-toxic, but still are very effective. With the help of genetics, crops were
modified for tolerance to this rather harmless herbicide. The main benefit was that the
usage of more toxic agents was reduced and the production output increased.

Another benefit in terms of sustainable agriculture is that herbicide-tolerant corn and
soybeans have helped promote no-till agriculture, which leaves the fertile top-soil intact
and protects it from being removed by rain or wind. The effects are that these methods
can improve water quality and reduce soil-erosion (Ronald, 2011). The development of
genetically engineered crops that are tolerant of environmental stresses is broadly
beneficial. Such crops are expected to enhance local food security, for instance
drought-tolerant corn could help most African countries increase their harvests. Bene-
fits of genetically modified crops that have been scientifically reviewed according to
Ronald include reductions in insecticides, improved soil quality and reduced erosion,
enhanced health benefits to farmers and their employees due to reduced exposure to
chemicals, economic benefits to local communities and enhanced biodiversity of bene-
ficial insects. Also very important is the fact that they contributed to increased crop
yields (up to 30% in some areas) as well as more profits for the farmers. Further prom-
ising applications of genetic modifications are those that affect staple food crops. For
instance, rice is the basic everyday meal of billions of people as it is grown in 114
countries on six of the seven continents (FAO, 2011e). Thus, modifications that slightly

enhance rice production and resistance can have huge impacts on the lives of many.

3.2.2 Nutritional Enhancements

As we have seen before, food utilisation is one of the main challenges on food secu-
rity. For instance, a public health problem in around 100 countries mainly in Africa and
Southeast Asia is vitamin A deficiency (Golden Rice Project, 2011). The WHO esti-
mates that an improved nutrition with vitamin A could prevent the deaths of 1.3-2.5
million late-infancy and pre-school-age children each year (Ronald, 2011). Therefore,
scientists tried to fortify rice plants with higher levels of carotenoids, which are precur-
sors to vitamin A. The resulting product was named “Golden Rice”. Results from stud-

ies showed that these carotenoids of the Golden Rice can be metabolized into the vit-



amin A that children need (Tang et al., 2009). Consequently, a widespread consump-
tion of Golden Rice could reduce this nutrition deficiency and help to save thousands of
lives. The positive effects of Golden Rice are predicted to be most pronounced in the
lowest income groups at very low costs (Stein et al.,, 2006). Other examples of suc-
cessful examples of nutritional enhancements through genetically modified foods in-

clude fortified salt with iodine or bananas with bacterial antigen.

3.2.3 Safety Assessment and Controversy

The examples described above are just small excerpts of the huge potential that lies
in GMOQO'’s. In this paper, genetically modified animals are not further assessed as their
usage is much more controversial and science is not as advanced as with plants. Nev-
ertheless, there are safety issues with GMO’s that need to be discussed as well. Every
genetic modification carries a risk of unintended consequences. However, according to
Roland there is a broad scientific consensus that today’s genetically modified crops are
safe to eat.

Naturally, there are some drawbacks as the overuse of certain herbicides or plants
can always lead to the evolution of resistant insects or weeds. In addition, a lot of
knowledge about these new forms of crops needs to be distributed to farmers, compa-
nies and governments around the globe, which is a very costly procedure. Moreover,
consumer attitudes in several countries, especially in Europe and Japan have been
largely negative as there is scepticism about the health and environmental conse-
quences of GMO’s. To the contrary of the developed world, the developing countries
have a generally more positive perception of genetically modified foods. Reasons may
be the more urgent needs in terms of food availability and nutritional content (Curtis et
al., 2004). Consequently, this negative attitude towards GMO’s has an influence on
public policy in the Western Countries and therefore might hinder the spread of GMO'’s

as a solution for the food security problem in connection to the demographic change.

3.3 Promote Healthy Nutrition Habits

Among the poor, there is often not enough food at home, and most institutions in
developing countries lack restaurants or cafeterias. At the same time, the most practi-
cable way to fight hunger would be so-called institutional feeding, which means provid-
ing people with healthy nutritious breakfasts and lunches in various institutions like
schools, hospitals and homes for the elderly (WFP, 2011; Food Security and Nutrition
Strategy, 2008, p. 29). Nutrition education should be integrated into to a daily institu-
tional life in order to promote healthy lifestyle and make people aware of the measures
they can take themselves in order to fight malnutrition problems. In addition, strategic

partnerships with non-profit organizations are crucial for institutional feeding in develop-



ing countries because such partners can help mitigate funding and implementation
issues. Finally, constant health and nutrition check-ups are important as a way to as-
sess and control the outcomes of institutional feeding programs (p. 30).

Institutional feeding is a universal approach because it can be implemented not only
in developing low-income regions like sub-Saharan Africa and Asia, where many peo-
ple are starving from undernourishment, but also in developed countries. For example,
there has been a successful U.S. experience, which is called Supplementary Nutrition
Assistance Program (SNAP), whose goal is to provide low-income Americans with
healthy nutrition so that they do not adhere to inexpensive “junk foods” (USDA, 2010).
Operation of such agencies as SNAP on a global scale could help educate people in
those regions, where poverty not only causes undernourishment, but also serves as a

main reason for obesity.

4. Malthusian Theory

The discussion about food security in the context of a growing population is not ex-
clusively debated today. In his An Essay on the Principle of Population (1826), the Brit-
ish scholar Thomas Malthus (1766-1834) already argued that the growing world popu-
lation was getting checked by famine, decease, and resource scarcity.

The scholar believed that if no constraints were set on the population, it would grow
at a geometrical ratio. At the same time, he argued that food production in a limited
territory “must be of a totally different nature from the ratio of the increase of the popu-
lation” and (pp. 6-7), therefore, it was only capable of increasing at an arithmetic ratio.
According to Wrigley (1986), this idea “was as unobjectionable as the assertion that
man must eat to live” since less and less suitable land can be taken in cultivation as
population growths (p. 48). By the law of nature, “population can never actually in-
crease beyond the lowest nourishment capable of supporting it” (Malthus, 1826) while
the population growth “can only be kept down to the level of means of subsistence by
the constant operation of the strong law of necessity” (pp. 3-4, 11). As a result, limited

earth resources would soon limit population growth.

4.1 Role and Limitations

Since the time in which Malthus had written his essay, the world population has
grown from one to seven billion people. Obviously, Malthus underestimated the role of
the technological change in the food production and, consequently, did not foresee the
industrial revolution (Wrigley, 1986, p. 63). In agriculture, the invention of fertilizers
among other factors contributed to an extension of food production to a level that was

in line with population growth. The theory did also not take into account the increase in



the practice of contraception from the later nineteenth century which put a constraint to
the human capability to reproduce at a geometrical scale (p. 54). Moreover, Malthus
underestimated that there still was a lot of room for expansion of cropland.

In the second half of the last century, there was a reoccurrence of Malthusian pes-
simism. The Club of Rome published in 1972 the startling book The Limits to Growth,
which was printed in millions and translated into 20 languages. The main scientific con-
clusions were portrayed in scenarios that “human economy overshoots planetary limits
before the growth of human ecological footprint can be limited” (Club of Rome, 2010, p.
2). In the U.S., a book by the biologist Paul R. Ehrlich called “The Population Bomb”,
published in 1968, had a similar pessimist view as the Club of Rome. The main mes-
sage of the neo-Malthusian book was that there might be mass starvation due to over-
population. Until very recently, discussions about overpopulation like in thel1970’s did
not occur anymore. With the recovery of economy after the oil-price crises the topic did
not get much attention any longer. As described in the first chapter of this paper, there
is enough food on our planet even with the rapid population growth. It is a matter of
distribution and, consequently, Malthus has been proved wrong by the fact the food
production was still sufficient for the increasing number of people on our planet.

There are, however, voices in the intellectual world that point to the conclusion that
the significance of the Malthusian concerns is growing again. By drawing the attention
to increasing prices, to higher demand for resources and, consequently, to violent con-
flicts, one article in the Wall Street Journal reckons that the concerns made by Malthus
and the Club of Rome are back on the agenda.?” Another scholar, who publishes on
the reoccurrence of Malthusian fears, is Jeffrey Sachs from the Columbia University in
New York. In one of his papers he argues that much of Africa has a Malthusian crisis of
high mortality, high fertility, rapid population growth and chronic extreme poverty, which
ask too much of the continent’s resources.? In another article,® Sachs questions the
challenge of feeding and saving the planet at the same time by referring to the limits of
growing and planetary boundaries.

Some predict that the debate, whether Malthus was right or not, will go on forever.
By referring to the task of overcoming resource challenges as a vital precondition for
the survival of our planet, Malthus probably had good cause in believing that the
preservation of humanity requires a thorough analysis and decisive actions. In that
sense it is not a surprise that the theories of the English scientist might get more atten-

tion in the coming years again

22 See Lahart, Barta & Batson (2008).

® See McCord, Conley & Sachs (2010).
% See Sachs (2009).



Conclusion

Food Security and the ever-growing population are two aspects which are very
closely related. We have shown that the concept of food security is threefold. Obvious-
ly, food production becomes an issue as humankind is forced to yield a bigger output
on the same amount of land without using more water in order to feed an increasing
earth population. Food distribution and accessibility are two other reasons why there
are people starving even though there is currently enough food being produced. Final-
ly, food security refers to nutritional aspects with obesity being a growing concern.
Therefore, we are in need of new forms of production and distribution to avoid a Mal-
thusian catastrophe as the UN forecasts predict the world population to grow. As chap-
ter three described, a combination of urban living and agricultural production could be
one sustainable approach to tackle production deficits, environmental shortcomings
and demographic shifts. Another methodology, which has the potential to significantly
reduce the current uncertainties, is to genetically modify organisms. As there are
changing environmental factors of productions, we are probably forced to adapt and
breed new comestible goods that positively contribute to all aspects of food security.
Whatever solution policy makers around the globe are pursuing, it is important that
measures are put in place as the poor will suffer the most. If not, there are strong indi-

cations that Thomas Malthus had a point after all.
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