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Water on Earth is essentially salty, and it is the evaporation of this water on the oceans that mainly feeds the great
water cycle, through evaporation, condensation and precipitation, whose thermal engine is solar radiation. This
cycle supplies water to the continents and breaks down into blue water flowing in rivers and groundwater, and
green water, which is stored in the soil after rain and is recovered and transpired by vegetation. These flows are
almost entirely used by natural continental and coastal ecosystems, as life has developed everywhere to the limits of
available resources. Globally, the share of this resource consumed by humanity is still modest: 7% of blue water
and 9% of green water, but the spatial distribution of the humanity is not consistent with the spatial distribution of
water resources: 21.5% of humanity is concentrated in steppes and arid zones with only 2% of the planet's blue
water resources... In addition, water needs are increasing due to population growth and changes in food habits,
while water resources are being affected by climate change. How to solve this challenge of balancing supply and
demand in 2050, and a fortiori in 2100, by avoiding, if possible, shortages, famines, bloody conflicts and
migration?

1. How much water do we have?
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Figure 1. The Rosetta probe flying over comet 67P/Churyumov-Gerasimenko, commonly known as "Choury". Image from the film
"Chasing A Comet - The Rosetta Mission". [Source : DLR, CC-BY 3.0 (http://creativecommons.org/licenses/by/3.0/de/deed.en)], via
Wikimedia Commons

The planet Earth was, at the time of its formation, initially anhydrous or low in water, which had accumulated in the Jovian
planets further from the sun, and in the comet belts (Oort cloud and Kuiper belt); the Earth received most of its water during the
first hundreds of millions of years of its existence, and is proportionally the richest in water of the telluric planets (Mercury,
Venus, Earth and Mars). A cometarian origin of this water, initially favoured, is now seriously questioned, particularly since
the European Space Agency's Rosetta mission, which sent the Philae probe on November 12, 2014 (see Figure 1) to land on the
comet 67P/Churyumov-Gerasimenko and measure in particular the content of Deuterium in its ice: twice as rich in this
isotope of hydrogen as water from the Earth; this type of comets (at least) cannot therefore be at the origin of terrestrial water,
instead, the eyes turn to a bombardment by rocky or ferrous asteroids also containing a little water.
Water on Earth is 97% salty, it is its evaporation by solar radiation that feeds the great water cycle, by condensation and
precipitation. In this way, 113,000 km3/year are brought to the continents, an enormous volume (1270 times the volume of
Lake Geneva) that is broken down into blue water, the one that falls and flows into rivers and aquifers (32%), in green water
(see Figure 2), that stored in soils after rain, taken up by roots and transpired by vegetation (65%) and 3% in merge water from
icebergs (Hoekstra and Mekonnen, 2012). Our water resource is essentially these inputs from the great water cycle.
Global warming (read The climate machine) will accelerate this cycle and on average increase precipitation while displacing
climate zones towards the poles, causing an aridification of Mediterranean latitudes: 110 million hectares (ha) cultivable in
these latitudes should be lost, but 160 million ha should be won in northern latitudes (Canada, Siberia) by warming. The
frequency of extreme events (floods, droughts) is also expected to increase. In France, a 10 to 20% decrease in precipitation
is expected by the end of the century, mainly in summer.

2. The water we use
Men currently consume 7% of the blue water flow, but withdrawals are higher (13%), the consumed part (mainly irrigation
water) evaporates and returns to the atmosphere; the unused part remains liquid, infiltrates and returns to groundwater and rivers.
We use 9% of the green water for agriculture, the rest goes to natural ecosystems (forests, savannahs, wetlands). We also take
a little of fossil water from the stocks contained in the large aquifers of a few countries (India, United States, China, China,
Pakistan, Iran, Mexico) at a rate of about 100 km3/year (Döll et al, 2014), but this situation is not sustainable, the stocks of these
aquifers will be depleted in a few decades, requiring the collection of water by channels in the large Himalayan rivers (Yang Tse,
Gange....) or in other water-rich sites. The fusion of high mountain glaciers due to the overheating of some rivers from the
Alps, Himalayas, Rocky Mountains, and especially the Andes Cordillera, where cities like La Paz and the Pacific coast of Peru
now live mainly on these melting waters, which will have dried up in less than 30 years.
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Figure 2. Schematic illustration of the domestic section of the great water cycle, from abstraction from groundwater to feed urban
consumption before ending up in effluents after treatment.

The quantity of domestic water, a definition of which can be found in Figure 2, used ranges from 20 to 500 l/day per person,
on average 300 l/d, or 110 m3/year per person. In France, it is estimated at 150 l/day. In 2050, the world population world
population should increase to 9.5 billion (Gerland et al., 2014) and to 11 billion in 2100, with worrying growth mainly in
Africa (1 billion in 2000, 2.5 billion in 2050 and 4.2 billion in 2100...). With 250 l/d, the total amount of water needed for the
planet in 2050 would represent 870 km3/year, or 0.8% of precipitation, or 2.4% of blue water. Domestic water is therefore not
a problem of quantity, but only of transport and quality, so of supply and treatment infrastructure. The planet will never
have a shortage of domestic water if it builds these infrastructures in time. The city of Windhoek (350,000 inhabitants), the
capital of Namibia in the middle of the desert, has been supplied with water for 30 years by a dam and an 800 km long pipe, as
well as by the recycling of its treated wastewater, which is re-injected into the local groundwater... !
For industrial water, we each use about 1,300 m3/year. But this water is only 10% consumed; 90% of it is discharged into the
environment, sometimes heated (cooling water) or polluted, if it is not treated.

Figure 3. Example of a large-scale irrigation system on maize plots, which consume a large amount of water.

Agricultural water (see Figure 3) is the dominant term (Griffon, 2006; Agrimonde, 2010; Leridon et al., 2011; Marsily (et al.),
2006, 2015a, 2015b). A few 10,000 km3/year of water are needed to feed 7.2 billion people today: 6,500 km3of green water
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falling on 1.5 billion ha of rainfed agriculture and 3.2 billion ha of pasture land. In addition, 3,500 km3 blue water (50%
of which is lost) is collected from rivers and groundwater to water 280 million ha irrigated. It is therefore 8,000 km3/year in
the end that it takes to feed humans, i.e. 1,150 m3/year for each (ten times more than domestic water). Yet, and this is
scandalous, 1 billion people are still undernourished, in sub-Saharan Africa and South-East Asia, in heavily watered areas,
and not in the arid zone; this situation is due to underdevelopment (inefficient and insufficient agricultural production, very low
use of inputs, lack of development: dams, irrigated areas,...); see Map 1. Demany countries are also unable to produce the
food they need, due to a lack of cultivable land or water: their population has exceeded the country's capacity to feed them from
local resources, and eating habits have changed; they have to import food from countries with surplus production (North and
South America, Australia, Thailand, France). More than 30% of the food produced on the planet is now transported from one
country to another, mainly by boat; it is referred to as virtual water, because water-deficit countries balance this deficit not by
importing water, but food, which required water to be produced.

Figure 4. Areas where there is a chronic lack of blue water resources, physically or economically in 2000. Red: Physical deficit; more
than 75% of the river flow is taken for human needs, taking into account recycling. Pink: More than 60% of the river flow is withdrawn.
These basins will soon turn red. Orange: Water saving deficit. Resources are abundant in relation to uses, with less than 25% of river flow
being withdrawn, but undernourishment is rampant. The financial capacity in terms of equipment is lacking. Blue: Abundant water
resources. Withdrawals less than 25% of the flow of rivers. Note that the lack of food is not a problem in the red zone, thanks to the
"virtual" import of water, but in the orange zone, which is heavily watered. According to IWMI (2007).

Importing countries, to pay for these imports, sell energy or mineral raw materials, have industrial or tertiary activities,
tourism, or have financial returns from the emigrant diaspora. Some countries export high-value agricultural products
(coffee, cocoa, cotton) and import food. But importing countries are then dependent, with the risk of political pressure and price
pressure in the event of a global shortage. Food autonomy is impossible to achieve today for all countries in the arid zone
(North Africa, Middle East) and tomorrow for the whole of Asia, due to the lack of arable land. We see countries like China
buying important farmland in developing countries (especially Africa and South America) to grow their own crops and then
import the food they need into their countries. Jordan thus depends for 70% on virtual water from abroad, Djibouti for more
than 90%. Figure 4 shows the regions of the world according to their blue water resources or needs.

3. The water of tomorrow
In 2050, to supply everyone with the current diet, 11,000 km3 of water per year would be needed, which is possible if deficit
countries can afford to buy their food from exporting countries, and if they agree to produce beyond their own needs. If meat
consumption accelerates, it will take 13,000 km3/year. Meat consumption has a very large effect on water requirements:
13,000 litres of water are required to produce 1 kg of grain-fed beef, which is 13 times more than for 1 kg of wheat!
These 11,000 to 13,000 km3/year will be divided between rainfed and irrigated agriculture: we will have to increase yields and
cultivated areas everywhere. But who says more rainfed agriculture ditclearance and who says more irrigation dit dam
construction. The construction of dams or clearing will necessarily have harmful environmental consequences, but if the world's
population continues to grow, should we not try to feed it in the least harmful way possible? Seawater desalination has a cost of
about 0.7 €/m3, and an electricity consumption of 2 to 4 kWh/m3 : this is about ten times too much for irrigation water, but
acceptable for domestic water.
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Figure 5. formation of arid lands, even desert and rarefaction of vegetation cover.

Unfortunately, it seems that we can once again get to know worldwide-families. In 1998, a severe drought in Southeast Asia
(China and Indonesia) led to massive purchases of cereals on world markets, with a sharp reduction in stocks, which would have
been insufficient if the drought had continued (Rojas et al. 2014; Lizumi et al. 2014). However, stocks have gone from 10
months of global consumption 20 years ago to 2 months today... These years of severe drought in monsoon areas are linked
to very intense El Niño events, which occur on average twice a century, according to statistics compiled from parish registers in
South America (Orltieb, 2000), and were observed for example in 1876-1878 and 1896-1900 at 19th century, each time causing
about 30 million deaths (Sen and Drèze, 1999); in the 20th century, they occurred in 1940 and 1998. The effect of climate
change on the frequency and intensity of El Niño events is currently under discussion.
To this worrying image of future agricultural production needs, we can first of all contrast the reduction of waste, because
today about 30% of the food purchased is thrown away in rich countries, or lost through poor harvest or poor conservation in
poor countries ; we can also contrast the sobriety of diets, because the amount of water needed to feed a landowner varies from
600 to 2500 m3/year depending on the country, the consumption of animal products being the main factor of variation : rich
countries consume about twice as many animal products as nutritional needs, emerging countries are on average at the
right level, and poor countries on average one-third below needs. But to meet the food needs of water-deficit countries, there are
only three options: transfer water through large channels, as China has decided to do (or should decide to do in India), transfer
virtual waterin the form of food, or ultimately accept the migration of populations from deficit countries to rich countries
, driven from their homes by bloody conflicts and hunger riots, whose recent history has given grim examples (see the focus
associated with this article). The problem of migrants that we face today is only the beginning of a long history, which will
intensify with climate change, population growth and increased consumption of animal products...
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