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What Is “Food security”?

The definition according to the 1996 World Food
Summit report is: “insure that all people at all
times have physical and economic access to
sufficient, safe and nutritious food”

Food security = food availability

All food comes from agriculture!



The amount of “available” food depends on
production levels on one hand and loss rates on the
other hand!

Available food = (Food production) — (Food losses) ‘

Thus, to increase food security (food availability) we
need to increase production and/or reduce losses!

This course will discuss on how to reduce food
losses, i.e. increase food availability by reducing
losses!!!



What is the globa
ti1s the concernt

population of the

food crisis?

nat in the future we will not

nave enough food to feed the growing

nlanet!

t IS estimated that due to the continuous

Increase In population and standard of living
we will need to increase agricultural production

by ~70% till 2050!

Required increase
in food calories
to feed 9.6 billion
people by 2050
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Trump’s Big Dump 'Fleming Is Forever

If we keep farming like
we've been for the past
century, we'll end up
with millions starving
and a planet denuded of
trees




Books on the global food crisis
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THE
COMING

THE GLOBAL FOOD CRISIS
AND WHAT WE CAN DO TO AVOID IT

b

University of California Press,
Berkley, 2010

In The Coming Famine, Julian Cribb lays out a vivid picture of an impending
planetary crisis — a global food shortage that threatens to hit by mid-century —
which, he argues, would dwarf any in our previous experience.



We live in a world of plenty, but several events
already indicate the coming food crisis:

- Increasing food prices (including 2 mini crises
In 2008 and 2011).

- Increasing hunger and drought in the Middle
East and African countries leading to mass
Immigration.

- Climate change
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Food Price Index

The connection between food prices and
political instability
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Recent increase in food prices following the war
between Russia and Ukraine
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Increases in food prices following the war
between Russia and Ukraine

April 13, 2022
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Your guide to a disrupted world

Food Prices
World food prices hit new record on impact
from Ukraine war

UN Food and Agriculture Organization reports ‘giant leap’ in prices

o6
Several countries in the Middle East and north Africa rely on Ukraine and Russia for grain and vegetable oils © Said
Khatib/AFP/Getty Images

March’s food price index from
the UN FAO rose to its third
record high in a row, jumping 34
per cent from the same time last
year, after the war shut down
supply lines from Ukraine and
Russia.



The world hunger map

Worldwide, approximately 2 billion people
are affected by Hidden Hunger

__ Clobal Hidden Hunger Map s




Global Report on Food Crises 2017. The European
Union, FAO and WFP

“ Thoe Muen af maill doves of poop be dep e on our onl boe titwe @ bility W oo,

In ouraorld of p len iy, Hhere in no excune for inec ton or i ndif e ren or.
-~

GLOBAL REPORT ON
FOOD CRISES 2017

Executive summary

The report predicts
further food crises in
Yamen, Ethiopia,
Afghanistan, Syria, Sudan
and Somalia, etc.



Will we really have a food crisis?

Thomas Malthus predicted a global food crises

already in 1798 but it didn’t happen, so why should it
happen now?

Thomas Malthus
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Malthus was correct at his time.

However, he did not predict the future coming
agriculture revolutions that increased food
production:

The Industrial revolution in the 19t century leading
to the development of agricultural engineering
machinery.

The green revolution in the 1970’s leading to
development of new high-yield crops together with
massive use of fertilizers and pesticides.



The key question is weather we will have another
new revolution that will dramatically increase
agricultural production?

The chances for this seem quite low, since biologists
Indicate that the current cultivated crops already

derive 50% of their photosynthetic capacity for yield
production.

A key proposed revolution is “Genetic engineering”.
However, GMO is currently used mainly for weed and
pest control and not for increasing yield production.
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Salmon is first transgenic animal
to win US approval for food

Long-awaited decision authorizes a genetically engineered
animal to grace US dinner tables for the first time.

Heidi Ledford

18 Movember 2015

AquAdvantage salmon grow to full size in 18 months,
rather than the usual 3 years
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BUENOS AIRES:
Argentina has become the
first country to approve the
growth and consumption
of genetically modified
wheat, the country's
agriculture ministry
announced Thursday.

"This is the first approval in
the world for drought-
tolerant genetic
transformation in wheat,"
the National Commission for
Science and Technology
(CONICET) said in a
statement.

9/10/2020

Bangkok Post

THAILAND WORLD BUSINESS OPINION AUTO L

Argentina becomes first country to
approve genetically modified wheat

PUBLISHED : 9 OCT 2020 AT 07:45 WRITER: AFP

f v © [

Tk

he scientific commission of Argentina's agriculture ministry said it had approved a drought-resistant variety of wheat in

the world's fourth-largest exporter of the crop.



Key factors affecting the global food crisis

O Increase in population

O«

Increase in standard of living / meat consumption

O«

Shortage in water

O«
N

nortage in land

C

0 Shortage in fertilizers

0 Pesticide contamination

0 Bio fuels

0 Shortage in fishery

0 Climate change

0 Food loss

0 Political and regulatory issues



2.2 billion

UN, 2009

m9876543210

Increase in global population

NICLIOnU UMILT (UigiNLL)

Till 2050 we expect an increase of 2.2 billion people.
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Increase in population in developing and developed countries

World Population
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Billions of people

Woarld Population Growth Through History
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Population growth map

Population Growth Rate
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Most population growth occurs in countries that suffer from
food crisis, and will lead to increase in immigration rates.
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Increase In standard of living and
meat consumption

In addition to population growth, there is a
continuous increase in middle class populations in
developing countries, especially China, India, Brazil,
etc., which require increasing amounts of animal
origin foods like eggs, milk, poultry, meat, etc.

The middle class population in India is expected to
grow by 10-folds till 2050, and will include 600
million people.

In the last generation, meat consumption in China
Increased by 3 folds!



Meat imports to China
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According to the FAO, meat consumption will
Increase by 180 million tons, and will reach 465
million tons in 2050!

Meat production is responsible for large amounts
of methane release, and is one of the main factors
contributing to global warming.

One of the greatest challenges in future
agriculture will be to supply meat production
without harming the environment.




What is the problem with meat production?

Growing cows requires huge amounts of water and
seeds for feeding.

1 kg meat requires feeding with ~10 kg seeds.

Each citizen in the US needs 750 kg of corn per

year in order to feed the animals for meat, eggs
and milk production.

In addition, two thirds of water for agriculture is
dedicated for animal feeding.



What can we do?

We need to change our dietary habits, and
consume less animal derived foods.

This could be achieved by awareness
campaigns, increasing prices, and/or providing
guotas for meat production.

Reducing meat production in the US by third
will allow saving 250 million cubic meters of
water and 220 million tons of cereals.




Shortage in water

Food production requires a lot of water (70% of all
drinking water in the plant is used for agriculture).

Production of 1 calorie requires 1 litter water.

A normal diet of 3,000 calories requires 3 ton of

water every day?
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Production of 1 kg wheat requires 650 litter water, whereas 1 kg
meat requires 4,650 litter water!


https://printage.files.wordpress.com/2011/08/water-footprint.png

Causes for shortage of water

0 Increase in demand (since 1950 the irrigated
area’s increased by 3 times)

0 Over pumping of groundwater
0 Contamination of groundwater sources
Inefficient irrigation (flooding)

O«

O«

Increase in urban demand for drinking water
Bad infrastructure

O«

0 Climate changes — global warming and droughts



Global water scarcity

Global physical and economic water scarcity

Little or no water scarcity
M Physical water scarcity

Approaching physical
water scarcity

B Economic water scarcity
Not estimated

Source: World Water Development Repod. World Water
Assessment Programme (WWAP), March 2012.

Main countries that will suffer from water scarcity include India,
China, South parts of US, South Africa, Middle East.
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Drought in California

A Record-Breaking Drought
AT e e e - 41% of the state is facing “exceptional drought” (the most severe kind).
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fLos Angeles Times i

CALIFORNIA

Drought worsens in Southern California, with Ventura County
In WOrst category

U.S. Drought Monitor

California _ o
August 17, 2021 Intensity: Almost all of California is

(Released Thursday, Aug. 19, 2021) L. None
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—— T conditions, with 50 of the
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Author:

Curtis Riganti
National Drought Mitigation Center



https://www.latimes.com/california/story/2021-08-04/california-drought-water-restrictions-how-bad-is-it

What can we do?

Prefer foods with lower water footprint
Increase water prices to prevent waste

Develop recycling facilities for reusing urban
sewage

Using smart irrigation systems
Repair water infrastructure
Education




Shortage in fertile land

Almost all available fertile lands on the planet are
already used for agriculture.

From 1990 till 2015 there was a 23% increase in
population but only 1.8% increase in agriculture
cultivated areas (lack of available lands result in
destroying natural rain forests).

Countries like China, South Korea and Saudi
Arabia are purchasing lands in other countries to
Insure there food security.



Land degradation

There is a global problem of land degradation — loss
of solil fertility due to over cultivation, accumulation
of salts and toxic compounds and loss of organic

materials.

Satellite images indicate that up to 40% of the
world's agricultural land is seriously degraded.




Threats to land integrity

Land degradation has accelerated during the 20th century
due to increasing and combined pressures of agricultural
and livestock production (over-cultivation, overgrazing,
forest conversion), urbanization, deforestation, and extreme
weather events such as droughts and coastal surges which

salinate land.
Areas of Concern for Sonl Degradatuon

WHO, 2015



The quantity of land degradation increases by 1%
every year.

If not treated properly, till 2050 two thirds of all
agricultural soils on the planet will lose there fertility.

20% of agricultural lands suffer from desertification,

which increases due to climate change and global
warming.

10% agricultural lands suffer from salinity.

10% of agricultural lands are toxic due to industrial
pollutants.




The operation to rescue the agricultural soil in Israel
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Other factors affecting land availability

Urban growth —there are 4.75 million square km? of
urban areas on fertile lands.

Increasing sea levels — due to global warming sea
level Is expected to increase by 20-60 cm, and that
will result in flooding and of many delta regions.
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What can we do?

It IS necessary to restore destroyed lands, and
move towards more sustainable agriculture
systems that will retain solil fertility.




Shortage in fertilizers

In addition to water and land, intensive agriculture
production requires application of fertilizers (N,P,K).

Agriculture requires 250 million tons of fertilizers
per year.

Potassium (K) and phosphate (P) are expendable
minerals, and if they continuously used in current
levels they will last for just 50-80 years.

Nitrogen (N) is produced from the atmosphere by
converting N, to ammonia (NH,).



What can we do?

More careful and adequate use of fertilizers.

It IS necessary to recycle minerals from agriculture
and urban wastage and sewage.

Increase the usage of organic fertilizers as a
replacement to chemical fertilizers.




Pesticide contamination

March 30, 2021

64% of Farmland at Risk of Pesticide Pollution —
Revealed in Global Map of Agricultural Land Across 168
Countries

TOPICS: Agriculture Ecology Plant Science Pollution University Of Svdney
By UNIVERSITY OF SYDNEY MARCH 30, 2021

Fig. 1| Global map of pesticide RS. The map has a spatial resolution of 5arcmin, which is approximately 10 km x 10 km at the Equator. The pie charts
represent the fraction of agricultural land classed under different RS in each region, and the values in parentheses above the pie charts denote the total
agricultural land in that region.

Global map reveals areas at risk of pesticide pollution. Credit: Associate Professor Federico Maggi, Dr. Fiona Tang, University

of Sydney

According to a new study
published in Nature Geoscience
(March 2021), 64% of farmlands
are at risk of pesticide
contamination, third of them at
high risk!

The map also revealed Asia
houses the largest land areas at
high risk of pollution, with

China, Japan, Malaysia, and the
Philippines at highest risk.
Some of these areas are
considered “food bowl!” nations,
feeding a large portion of the
world’s population.



The future outlook

Global pesticide use is expected to increase as the global population
heads towards an expected 8.5 billion by 2030.

“In a warmer climate, as the global population grows, the use of pesticides
IS expected to increase to combat the possible rise in pest invasions and to
feed more people,” said Associate Professor Maggi.

Pesticides can be transported to surface waters and groundwater through
runoff and infiltration, polluting water bodies, thereby reducing the usability of
water resources.

There is concern that overuse of pesticides will tip the balance, destabilize
ecosystems and degrade the quality of water sources that humans and
animals rely on to survive.



https://science.sciencemag.org/content/292/5515/281.full

What can we do?

It IS necessary to move towards precise and
sustainable agriculture (np'™ nix7n)!




Energy

Growing food requires a lot of energy (diesel fuel).

It Is estimated that food production in developed
countries requires 4.4 litters fuel per person per day!

An average family consumes 175 barrows of fuel per
year for food production.

The fuel is required for production, transportation,
processing, cooling, use of tractors, trucks, ships,
etc.

Food prices depend on energy prices!



The increase in food prices in 2008 was attributed to

the increase in oil prices

FRED 44 — US Regular Conventional Gas Price (right)
’ — Crude Oil Prices: West Texas Intermediate (WTI) - Cushing, Oklahoma (left)
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Bio-fuel

Due to past increases in oil prices and to reduce
environmental pollution, there was a gradual
Increases in bio-fuel production from the 2000’s.
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1,900 Million Barrel
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The main sources for bio-fuel production are corn,
soya, sugar cane, and palm oll.

Corn, soya .
Corn, soya Palm oil
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Palm Qil

Corn,
Sugar cane

Total Biofuel Production by region
(Billion of Liters) - Total ~ 81 Billion

Letroff



In principle, production of bio-fuel provides a green
alternative to oil production.

However, growing plants for bio-fuel results in lack
of food and increasing food prices!

For example, 50% of sugar cane in Brazil, and 20% of
the corn in the US are grown for bio-fuel.
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What can we do?

- The next generation of bio-fuel production should
be formed from inedible parts of plants by
converting cellulose to ethanol.

- In addition, bio-fuel can further be produced from
algae instead of plants, and can utilize sewage
Instead of clear water.




Shortage In fishery

Fish consumption is 154 million tons per yeatr,
Including 110 million tons from the oceans and 44
million tons from fish ponds.

Due to over-fishing, ocean contamination and ocean
warming, the amount of fishery is continuously
declining.

More and more fish species are disappearing!

Studies conducted by the FAO indicate that since the
1950’s third of fish species declined to less than 10%
of there original natural population!

The main damage to fishery is in the Far East.



Quantities of global fishing
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Although the increase in demand, the amount of
fishery from the oceans remains constant.



WRI predictions of global fishing till 2050

Figure 16 | | Aquaculture production must continue to grow to meet world fish demand
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Source: Historical data, 1950-2016: FAO (2017b) and FAO (2018). Projections to 2050: Calculated at WRI; assumes 10 percent reduction in wild
fish catch from 2010 levels by 2050, linear growth of aquaculture production of 2 Mt per year between 2010 and 2050.

WRI, 2018
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'Only 50 years left' for sea fish

By Richard Black
Environment correspondent, BBC News website

There will be virtually
nothing left to fish from the
seas by the middle of the
century if current trends
continue, according to a
major scientific study.

Stocks have collapsed in nearly
one-third of sea fisheries, and
the rate of decline is

accelerating. Natural protection

Writing in the journal Science, ® ©pen Enlarge Image

the international team of

researchers says fishery decline is closely tied to a broader

loss of marine biodiversity.

According to study published in
Science, by 2050 there will be no
fish left in the sea!
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Nature, Aug 8, 2019

nature View
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Giant freshwater fishes are in alarming

decline PLUNGING POPULATIONS

The plunge in numbers of these enormous species is part of a broader downward Habitat loss and hunting led to steep population declines in huge freshwater
Sicifast ‘. species, such as the Mekong giant catfish (Pangasianodon gigas), between
trend in freshwater megafrauna. 1970 and 2012.
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SAESPIRACY — a new documentary movie by NETFLIX,
deals with the problem of over-fishing and decline in
fish populations!
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We observe an increase in fishery in ponds, but that
also creates some problems:

1. Itis necessary to feed the fish

2. It causes environmental pollution of ammonia.




What can we do?

Restrict wild fishing in order to allow restoring
natural fish populations.

Reduce fishery losses (a quarter of the captured
fish are not consumed).

Prevent contamination of rivers and oceans.

Develop alternatives of algae production as a
major food source.




Climate change

During the last few years we evident increasing global
warming and climate change.

Climate change results in extreme whether conditions,
iIncluding warming, desertification, flooding, increased
sea levels, water shortage, salinity, land degradation,
and damage to animal populations.

2 AUGUST 2013 VOL 341 SCIENCE

REVIEW

Climate Change Impacts
on Global Food Security

Tim Wheeler*2* and Joachim von Braun®




Intergovernmental Panel on Climate Change (IPCC) Report, 2014

Climate change a threat to security,
food and humankind

Flooding in Pakistan in 2010, the kind of extreme weather events which the
IPCC says is the result of climate change.



Global temperature change
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IPCC Report, 2018

IDCC

INTERGOVERNMENTAL PANEL oN ClimaTte chanee

GLOBAL WARMING OF 1.5 °C

an IPCC special report on the impacts of global
warming of 1.5 °C above pre-industrial levels and
related global greenhouse gas emission pathways,
in the context of strengthening the global response
to the threat of climate change, sustainable
development, and efforts to eradicate poverty

An increase in 1.5°C (above the pre-industrial temperature)
will provide the non-turn point!



Changes in temperature under different CO,

IPCC report, 2021
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We are just about to reach the 1.5°C non-turn point!




Projected impacts of climate change on agricultural yields

Projected impact of climate change on agricultural yields

" A key culprit in climate change
- carbon emissions - can also help
agriculture by enhancing
photosynthesis in many important {...)
crops such as wheat, rice, and

soybeans. The science, j/
however, is far from certain on the \ | Change in agricultural productivity
benefits of carbon fertilisation.” .
| between 2003 and the 2080s
This map represents the case of 9.,
beneficial carbon fertilisation processes. . e I I 1 1 | I

+25 +10 +5 0 -5 -15 -25% No data
Source: Cline W., 2007, Global Warming and Agricuiture.

Decreased yields in warm regions, and increased
yields in cold regions.



According to the International rice institute — every

Increase in temperature above 32 °C will result in 5%
decrease yields.

High temperatures of 38-40 °C during pollination and
fertilization will entirely reduce yields.

According to the World Bank —yields in Africa will
decrease by 50% in the next 20 years.

Due to global warming, the current varieties will not
fit there current growing regions. Wheat production

will move from the US to Canada and from Chinato
Russia.



What do we need to do?

Prevent global warming, and prefer products with
low carbon footprints!




Food loss and waste

Current studies by the FAO indicate that third of all
produced food is lost and not used for human
consumption!

In UK, for example, 61 million citizens are throwing
away 22 million tons food per year.




Study conducted for the
International Congress

SAVE FOOD!

at Interpack2011
Dasseldorf, Germany

FAO, 2011
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Food loss rates (TESCO)

THE FOOD THAT GOES STRAIGHT IN THE BIN

M Processing losses: 15% M Processing losses: 2%

| B Retail waste: 1% 8% ERetall waste:02% (L0}
B Consumer waste: 35% B Consumer waste: 27%
B Action plan: Buy-one-get-one-free W Give customers better

deals to be replaced by mix-and-match
with other fresh items

BAKERY

B Field losses: 5% WASTE

" M Processing losses: 14%
M Retail waste: 4% 8 Yo
B Consumer waste: 25%

M Processing losses: 0.5%
M Retail waste: 0.5%
M Consumer waste: 17%

M Fewer products to be displayed. Customers M Conducting trials of new o
" to be given tips on how to use stale bread longer-life varieties to reduce spoiling
' BANANAS TOTAL WASTE

, M Field losses: 2% B Retail waste: 1%
, M Processing losses: 7% B Consumer waste: 10% @

\.-. M Fruit to be displayed in ‘hammocks’ to protect it on shelves

BAGGED SALAD APPL!-'.S TOTAL
B Field losses: 17% M Field losses: 11% WASTE

advice on how to store fruit at home

GRAPES TOTAL
M Field losses: 6% WASTE
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BBC World Business Report, 3 JULY 2014

Food waste reduction could help feed
world's starving
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33%

of all food is wasted

$750bn

cost of waste food

280/0 of farmland grows food
that will be thrown away

6-1 00/0 of greenhouse
gases come from waste food

390/0 of household food
waste is fruit and vegetables

Source: UN/FAO



What can we do?

Improve the efficacy of the food supply chain
Education campaigns

Increase food rescue to feed poor people
Biogas production from food waste

Biogas production plant
New Jersey, US




Political and regulatory factors

Major restrains in dealing with the global food crisis:

1. Shortage in funding of agricultural research

2. Patents and Intellectual property rights prevent
knowledge transfer to developing countries.

3. Public resistance to genetic engineering



Conclusions

The increases in population and standard of living In
hence, and global warming and shortage in water,
lands, etc., on the other hand, impose a serious threat
to global food security.

If not treated properly, the coming global food crisis
will cause hunger and massive immigration.



Key actions to deal with the global food crisis

0 Prevent global warming by reducing carbon emissions

0 Changing our diet to prefer foods with low water and
carbon footprints

0 Move towards sustainable agriculture to maintain
natural resources

0 Reduce food losses
O Investment in R&D
o)

Develop alternative food sources (algae, synthetic
meat, protein from insects)

4

0 Urban agriculture

0 Synthetic foods



World Economic Forum:
Agriculture and Food Security, 2016 (2:06 min)

https://www.youtube.com/watch?v=krUQ1hlCdxo

UNEP, Why do we need to change our food system?
May 2016 (3:46 min)

https://www.youtube.com/watch?v=VcL3BQeteCc



https://www.youtube.com/watch?v=VcL3BQeteCc
https://www.youtube.com/watch?v=krU01hlCdxo

Thank you
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