
  

www.regagri4europe.eu 



 
 

2 The European Commission's support for the production of this publication does not constitute an 
endorsement of the contents, which reflect the views only of the authors, and the Commission 
cannot be held responsible for any use which may be made of the information contained therein. 

 

 

 

 

 

Lecture 6 

Benefits of Regenerative Agriculture 

for Environment, Society, Human 

Health 

 

 

 

Lesson 2 

Vegetation & Water to cool the Earth 

 

 

Project Title:  Upgrading the Agricultural Sector with Skills in 

Regenerative Agriculture 

Project Acronym: RegAgri4Europe 

Project Number: 2020-1-DE02-KA202-007660 

Date:    January 2022 

  



 
 

3 The European Commission's support for the production of this publication does not constitute an 
endorsement of the contents, which reflect the views only of the authors, and the Commission 
cannot be held responsible for any use which may be made of the information contained therein. 

 

 

Lesson 2: Vegetation & Water to cool the Earth  
 

Planting water 

Imagine if we could plant water. And with the planted water, ensure that plants grow better, 

are supplied with water, that summer days are cooler, it rains more, and climate change 

could be mitigated. Wouldn't that be a tempting solution to many of the challenges and 

problems we have in agriculture - and more broadly, in our society?! 

That's what this session is all about and it's a surprisingly easy step.  

"Planting water" - of course we can't do it so directly; but indirectly this is quite a feasible 

thing. 

If we look at the last few years, the predominant issues facing agriculture were the 

increasing summer drought, the associated increased air temperatures and thus the 

consequence of increased soil temperatures, which of course also added to the plants’ stress 

and drying soils. Conditions that we usually know from Mediterranean regions. Interestingly, 

all these topics are related to one element.... water - or rather: the lack of water.  

If we look at the precipitation patterns from a global perspective, then 120,000 cubic 

kilometres of precipitation fall on the land surfaces. Where does this water, this 

precipitation, the rain, actually come from?  

Originally, about 70,000 cubic kilometres, or around 60%, originate from the oceans and 

50,000 cubic kilometres, 40%, from land. This is probably a surprising finding for many, 

because we usually think that the precipitation in Central or Eastern Europe comes quite 

directly from the sea. 

However, this is actually not the case for many areas of the world. In inner-German regions 

for example, and then increasingly in the eastern countries of Europe, about 50% of the rain 

that comes down here originates from land.  

When we look again at these 50,000 cubic kilometres, which stems from the land, where 

that water actually comes from, then we can see that 60 to 80% of this derives from 

vegetation. This means that 60 to 80% of what ultimately goes into the air as water vapor 

and then pours down again as precipitation on the land has its origin in vegetation. The rest, 

20 to 40% stem from water surfaces or, to a small extent, bogs and soils. 
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What does it mean, when we see such a picture, which may seem a bit exaggerated, but is 

also widespread in East Germany and eastern European countries, as well as in many other 

regions of the world?  

Keeping in mind that much of the precipitation that falls on our land stems from the land 

and, above all, from vegetation, it becomes clear that under these conditions - large areas 

with bare soils - the water for evaporation is not available for long periods of the year.  

That is, the natural »small« water cycle is interrupted when we operate in this way. This is 

not about pointing fingers at farmers, who are doing something wrong. Rather, it is about 

changing the perspective and drawing attention to a topic that has hardly been dealt with so 

far, and which, according to everything we have been able to research in the meantime, 

offers many, many solutions. This means that if we develop appropriate measures from the 

knowledge gained, we are not only talking about a "win-win" solution, but rather about a 

win-win-win-win-win solution, because so many different, extremely positive effects can be 

achieved with a changed development. 

Let’s go back to the vegetation, which evaporates. A large tree can transpire 400 liters of 

water on a warm summer day. The process of transpiration requires a considerable amount 

of energy. For 100 liters of water that such a tree transpires, it takes 70 kilowatt hours of 

energy; so for the 400 liters that this tree transpires, it is 280 kilowatt hours needed to turn 

liquid water into water vapor. That's a number that most of us can't really imagine what it is. 

Therefore, here is a comparison: These 280 kilowatt hours correspond to eight air 

conditioning systems, which run for 24 hours. In two senses, this is not only the energy 

required in this transpiration process, but also corresponds to the cooling performance of 

the tree or air conditioning system.  

My daughter, when I started to work on this topic and while we were sitting outside in a 

beer garden, asked the following: "Why does it feel warmer under a parasol in the beer 

garden than under the trees at the other end of the square - while we sit in the shade in 
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both places?" And yes, this is exactly the effect: The parasol only prevented the sun's rays 

from hitting us directly, but it does not cool the ambient air, but just casts some shadow. 

The tree, on the other hand, not only provides the shade, but also uses energy from the 

ambient air for the transpiration process and thus actively cools it, which is why it feels very 

different under the tree than under a parasol.  

Another picture that can make these differences clear to us is the idea of going out on a 

grain field, a ploughed field or a mown meadow on a hot summer day at 35°: There I do 

experience rather 45° or more, whereby the soil temperatures can be even higher. But when 

I go into the neighboring forest, I find completely different temperatures, which are much 

lower, and are more in the range of 25°. On the one hand, this is the effect of the shadow 

cast by the trees, but above all it is the result of the transpiration of the trees, i.e. the 

transpiration of water. And this is the cooling effect that vegetation basically has. 

 

Source: Zimmermann, L., Raspe, S., Schulz, C., Grimmeisen, W., 2008. Wasserverbrauch von Wäldern 

Evapotranspiration 

It is important to know that vegetation is not only about transpiration in the sense of 

sweating. A tree is a truly three-dimensional object. If I measure a square meter of green 

space on the ground under the tree and then pull it up through the tree, then the tree 

reaches a leaf surface on this square meter, which - depending on various factors - can be up 

to 25 square meters. Above each square meter of floor area is therefore 25 times the leaf 

surface and thus forms a huge amount of area, which can help to transpire water and thus 

again contribute to cooling the air temperature. 30 to 50% of the water vapour that goes 

into the air comes - via the pumping of water from the ground, into the trunk and over the 

branches into the leaves - from the active performance of the trees, which regulate the 

release of water via the stomata of the leaves.  

When it rains, part of the precipitation sticks to the leaves, which can subsequently 

»evaporate« from there - in contrast to the active sweating of the trees which is called 
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transpiration - and makes up an important part of the entire evapotranspiration process. 

This so-called "interception", like the "active sweating" of the tree, also accounts for 30-50% 

of the evapotranspiration capacity of a tree. 

Evaporation through the soil adds a proportion of 5-15%. 

 

Source: Pokorny, J., 2019. Evapotranspiration, in: Encyclopedia of Ecology. Elsevier, pp. 292–303 

Energy dynamics 

If we now look at what this looks like on an area densely overgrown with vegetation such as 

a meadow or a forest, then we see that the soil absorbs about 5 to 10% of the energy of the 

incident solar radiation - which it later releases again via long-wave heat radiation. A small 

part of 5 to 10% passes into the so-called "sensible heat" - this is what we can feel, because 

the solar radiation warms the air around us. However, the vast majority on a vegetated area, 

namely a proud 80 to 90%, is transformed into the so-called »latent heat«. This is the 

process where liquid water is transformed into water vapor and thus energy from solar 

radiation and ambient air is "consumed" - so we do not feel a rise in temperature in the air. 

This water vapor - and the energy stored in it - is then transported by wind and buoyancy 

into higher air layers. 

If we now compare this with what happens in the field, then of course it looks quite different 

here: On a fallow field, about 10 to 15% of the incident solar energy heats up the soil; 70 to 

80% passes into the sensible heat. This effect is easy to understand when we imagine going 

to the field at 35°C of summer temperatures - or, in an even more extreme example, on a 

concrete surface; then it is much warmer there than just this 35°C. And this is exactly the 

effect of the sensible heat, in which the solar radiation is converted into increased and 

directly perceptible air temperatures.  

Only a small part of 10 to 20%, depending on how much water is available in the soil, for 

example, which is then available for the evaporation process, passes into the latent heat - a 



 
 

7 The European Commission's support for the production of this publication does not constitute an 
endorsement of the contents, which reflect the views only of the authors, and the Commission 
cannot be held responsible for any use which may be made of the information contained therein. 

 

big difference to the 80-90% on the vegetated area. And these changes in the distribution of 

sensible and latent heat in these two situations have crucial consequences. 

 

Source: Kravčík, M., Pokorný, J., Kohutiar, J., Kováč, M., Tóth, E., 2007. Water for the Recovery of the Climate - A 

New Water Paradigm;   Pokorny, J., 2019. Evapotranspiration, in: Encyclopedia of Ecology. Elsevier, pp. 292–303.  

We can take a look at these different situations in order to make the processes a little bit 

clearer.  

On the left is a picture with some bare soil, a dandelion and a bit of grass. The top image is a 

normal shot; the lower one is an infrared image. If we look at this little dandelion in the 

upper picture, we can see in parallel in the lower picture that it has a temperature of about 

13 degrees - corresponding to the blue. If we look at the bare soil, we see temperatures - 

here in the red area - of 19 degrees. This means that between this small piece of bare soil 

and the covered soil, there is a temperature difference of 4, 5 or even 6 degrees! This is a 

small example illustrating how these processes take place around the sensible and latent 

heat. 

Let's look at the situation on a landscape level: At the top we find a normal photograph with 

a small landscape section and in the lower area, parallel to it, the same area can be seen 

again as an infrared image. We pick out this forest standing near the water here on the right 

and find a temperature of 28.7 degrees. If we now go here to the freshly mown meadow, a 

temperature of 39 degrees is measured. This corresponds to a temperature difference to the 

forest of over 10 degrees. 

And if we look further to the left, we find even higher temperatures of well over 40 degrees 

with the leader asphalt: 49 degrees! That's a temperature difference of 20 degrees. This 

means - coming back to the sensible and latent heat: Where there is grown vegetation and 

enough moisture available, we find significantly lower air temperatures or sensible heat and 
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high amount of latent heat; and where there are open areas and bare soils with no 

vegetation, significantly increased sensible heat and correspondingly reduced latent heat. 

 

 

Let's go back to the picture from before and see what the consequences are - what 

consequences this has if different proportions of sensible and latent heat are generated on 

these surfaces: 

So, on the one hand: Wherever water is being converted into water vapor, energy is needed 

for this process, which has the consequence that the ambient temperature drops, which - in 

terms of working natural processes on our environment and our climate - corresponds to a 

positive effect. Of course, more moisture in the air potentially allows more clouds to form. 

Condensation - i.e. the conversion of water vapour into water - in turn releases the same 

amount of energy that was needed at the bottom for evapotranspiration. A small part of it 

can now diffuse into space, disappear. This, in turn, is a positive effect if we see this from the 

point of view of climate change, because we also have to make sure that not only the 

temperature in the lower part of the atmosphere drops, but that energy is actually reduced 

in the entire atmosphere.  

More clouds lead, in the next step, to more reflection - that is, if the sun's rays penetrate the 

atmosphere and meet clouds there, which are very bright, then a part of it is reflected and 

correspondingly less penetrates into the deeper layers of the atmosphere, which leads to a 

lower production of heat - in terms of climate change a positive effect. 

The Earth radiates long-wave heat radiation back into space; with more clouds, this leads to 

an increased reflection of this heat radiation - a small part is thrown back towards Earth, 

which is a "negative" effect in terms of climate change.  

The next, very important aspect is: More clouds lead to more precipitation. The small water 

cycle - the small-scale, more vertical movement of water between the earth's surface and 
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the atmosphere, in contrast to the large, more horizontal water cycle, which determines the 

transport between ocean and land - can be activated and strengthened by these processes. 

More evaporation on the ground leads to more clouds and this leads to more precipitation. 

All in all, this means that the processes that arise under these vegetation-covered areas are 

not only positive from the point of view of reducing global warming, but also for agriculture. 

On the other hand - if we look at the picture on the right - the sharp increase in sensible heat 

leads to increased soil temperatures and increased temperature of the air layers close to the 

ground - so a negative effect. The significantly reduced evaporation leads to less cloud 

formation - because if no water evaporates, no clouds can form and no precipitation can 

form - and there is a certain tendency to high pressure layers. More on that later. In short, 

the air here will expand more strongly due to warming, which will lead to a high-pressure 

situation. This blocks approaching low-pressure areas, which bring the "bad" weather and 

possible precipitation. The low now cannot move over this section of landscape, because, 

with its lower air pressure, it cannot push over the high, but also cannot squeeze under it, 

but then rather rains off beforehand through the resulting jam, or passes in the peripheral 

areas of the high, where it can lead to increased precipitation. 

And of course, this situation with bare or only slightly covered soil leads to reduced 

precipitation. 

When we contrast these two images, it is immediately clear what conditions we need and 

should create when we think of resilient agriculture, but also when we think of mitigating 

climate change. 

Precipitation recycling 

Let's look at the whole process on a geographically larger scale: water, water vapor, clouds 

come from the oceans and drift onto the land. There, clouds form via the condensation 

process and precipitation takes place. This precipitation accumulates in the trees and in the 

soil, and is then brought back into the air via evapotranspiration - i.e. the evaporation of 

water in the soil, of open water surfaces and, above all, transpiration via vegetation - via the 

processes described earlier. There, the water condenses again, new clouds form, it can rain 

again, etc. This cycle is repeated again and again inland. 

Flying rivers 

If we look at these cycles and the large air and humidity currents globally, we see here on 

the map some of the very large so-called "flying rivers" that transport moisture from the 

ocean to the interior and recycle it again and again. According to the theory of the "biotic 

pump", the forests are active designers of these air movements, among other things due to 

differences in air pressure caused by condensation. One can see from the example of South 

America - where we find the origin of the name "flying rivers", because this phenomenon is 

most studied there - that the moisture is drawn almost over the entire continent.  
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But you can also see a beautiful flying river in Europe, which goes from Western, over 

Eastern Europe to East Asia. In fact, 80% of the precipitation that falls in eastern China 

originates in Europe. 

 

Precipitation-recycling-ratio 

The higher the values on the temperature scale, the higher the precipitation-recycling ratio, 

i.e. the more precipitation consists of water, which previously poured down inland and 

repeatedly led to cloud formation via the known evapotranspiration processes. The typical 

distances, the moisture that evaporates over land, travels in the atmosphere before it falls 

back on land, is in the order of 500 to 5,000 kilometers; the typical time scale ranges from 

eight to ten days. 

This explains why the moisture is recycled again and again via the westerly winds, which 

move from the Atlantic via Europe to Asia, precipitation takes place, this evapotranspirates 

again and in turn leads to precipitation elsewhere, and via Russia and Mongolia to eastern 

China, where it leads to such high values of sometimes over 80% of the precipitation-

recycling ratio.  

Let's take a look at what happens when we disrupt this recycling process through activities 

that we know from all over the world, through for example deforestation and the resulting 

bare soils with significantly reduced evaportranspiration potential. 

Now some things have changed in the hinterland: less vegetation leads to less 

evapotranspiration, which in turn leads to less cloud formation. This in turn results in 

reduced precipitation and further - even if there is forest there - reduced 

evapotranspiration. One can already imagine how the forest in the hinterland is doing with 

this reduced moisture flow.  

This is the process of flying rivers with a constant recycling of the water - and if we interrupt 

it, whether by deforestation or by for example vast, fallow agricultural land. This leads to a 

disturbance of this system with correspondingly less precipitation and evapotranspiration 

inland. 

A study from Indonesia shows that over the deforested, cleared areas, the temperature has 

risen by 10°C compared to the original forest. If we remember the pictures with the infrared 

images, then we were able to determine a temperature difference of 10° C between the 

forest supplied with water and dry soil - exactly this is the process after the disappearance of 

the forest. Likewise, 15% less precipitation was measured in these catchment areas. Serious 

changes that occurred there after removing a good part of the vegetation. (Sabajo, C. R. et 

al. Expansion of oil palm and other cash crops causes an increase of the land surface 

temperature in the Jambi province in Indonesia. Biogeosciences 14, 4619–4635 (2017)) 
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If we look at global warming, we see a significant increase in the globally averaged 

temperature of currently about 1.2°C since 1880, when the temperature measurements 

began, compared to the average of 1880-1910.  

Various studies - as stated below by for example Ward et al. and Ban-Weiss et al. - show that 

18-40% of this global temperature increase can be explained by land use changes and the 

associated disruption of the water and associated energy cycle. While for some time now 

the focus has been solely on CO2 - which in any case has an important influence on climate 

change and whose emissions should be reduced and stopped as quickly as possible - one 

does not really hear anything in the current discussion about the contribution of these 

disturbed cycles, which also strongly influence the climate of the earth. 

Let's look at the role of the different gases in the natural greenhouse effect. If the 

atmosphere with its various gases did not exist, the global temperature on Earth would be 

33°C colder. Thanks to the atmosphere, the various gases and their absorption capacity, we 

live in much more pleasant temperature conditions. The share of water and water vapour in 

this natural greenhouse effect is a proud 20.6°C - which accounts for 66-85% of the total 

natural greenhouse effect. The effect of CO2, compared to water, is only 7.2°C or 9-26%. So 

we see that water is a major contributor to the natural greenhouse effect. It should give us 

food for thought thinking about the impact of land use changes, especially in recent 

decades, on these effects of water.  

Industrial water vapour 

So far, the argument has been that the human influence on the water vapour content in the 

atmosphere is negligibly small, because - according to the argumentation - relatively small 

amounts of water vapor enter the atmosphere through industrial processes compared to the 

amounts that can be found there. And indeed, this is true.  

Land use change 

However, due to land use change, we have to talk about completely different dimensions. 

Research shows that due to reduced vegetation caused by deforestation and conversion to 

agricultural land in the period from 1950-2000, we caused a reduction in evapotranspiration 

of 4-5%, which corresponds to 3,000-5,000 km3 of water - a gigantic amount! We have a 7% 

increase in surface runoff of water - because the water that falls as rain on the land surface 

can no longer be completely absorbed by the soil and flows above ground, also thanks to 

drainages and ditches, by the fastest route towards the sea, instead of being retained in the 

vegetation, in the soils and in depressions and ponds. This faster-flowing water is now no 

longer available to the "flying rivers" and the small water cycle. Over this same period, we 

also observe a 0.3°C increase in surface temperature due to these land use changes. Before, 

we were talking about a global temperature increase of 1.2°C - 0.3°C over this period of 

1950-2000 would be a very important component. 
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And, this goes a bit further: another study calculates for the period 2000-2015 that land use 

changes are responsible for a surface temperature increase of 0.23°C where such changes 

happened. 

On the other hand, in addition to the "flying rivers", there is also something like a "flying 

drought". The Pantanal, a huge wetland landscape in southwestern Brazil, has been exposed 

to increasing drought since 2019 and, as a result, more and more fires, which are 

increasingly threatening this unique wetland biotope. The cause of this is, among other 

things, the warming of the Pacific Ocean southwest of the USA, which changes air currents 

that have an impact on the Pantanal.  

This again as an example of how complex the connections and effects are on our planet, and 

how land use changes, deforestation and the establishment of far less moisture-giving 

agricultural crops can lead to large-scale climatic changes and local, regional and global 

climate warming. 

Land use management 

 

The fact that land use changes are not only man-made, but also man-manageable, is shown 

here by the example of the border region of Kazakhstan and China. Assuming that the 

climatic and geological conditions in this area are comparable, there is a clear difference 

between the countries. On the right, Chinese side, there is an area reasonably covered with 

vegetation - even if only of an agricultural kind; on the left, there is hardly any greenery - 

and thus naturally a lack of potential for evaporation. More vegetation could be provided 

there through appropriate management. 
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Another relatively well-known example is Haiti and the Dominican Republic. Differences in 

the economic situation, population density and legislation lead to a clearly visible difference 

in forest cover between the two countries. One consequence of deforestation in Haiti is soil 

erosion, which in some cases has reached serious proportions. 

 

Forest Management 

 

Source: Themenweg Scheuring. Tiefe Böden - Flache Wurzeln - Sauerer Humus. Publikation des EU-Projektes 
»Interreg Alpine Space«. Ludwig Pert 

The difference between a classically managed spruce forest and a diverse, resilient 

deciduous permanent forest can be found, among other things, in the fact that the spruces 

in the example studied have only 75 litres of water per square metre at their disposal, while 

the mixed forest, on the same subsoil and under the same conditions, can fall back on 350 

litres per square metre. Here we find a huge difference in the amount of water that the soil 

under certain forests can store and, of course, also release, or how trees can access it, which 



 
 

14 The European Commission's support for the production of this publication does not constitute an 
endorsement of the contents, which reflect the views only of the authors, and the Commission 
cannot be held responsible for any use which may be made of the information contained therein. 

 

leads to the fact that in these two forest systems there is a significantly different amount of 

water available in the summer months to carry out photosynthesis during this mostly dryer 

time. This is all the more important in these times of climate change, when we are not 

talking about a rise in the global average temperature of 1.2°C, but have already reached 2°C 

in Germany, and even 3-4°C in the growing season. Of course, this means that the trees 

need all the more water during this period in order to carry out photosynthesis and grow 

healthily. If the water is not available, then of course they suffer - and in extreme cases, 

which are becoming increasingly common - die. Under these changed conditions, it is all the 

more important to push ahead with forest conversion in the direction of mixed forest and 

diverse permanent deciduous forest in order to be prepared for these changed conditions. 

 

Source: Themenweg Scheuring. Tiefe Böden - Flache Wurzeln - Sauerer Humus. Publikation des EU-Projektes 
»Interreg Alpine Space«. Ludwig Pertl 

This marked difference in water storage capacity is explained, among other things, by the 

different conditions in the forests as well as tree and root growth: the coniferous litter in the 

spruce forests is only converted with difficulty and slowly and produces an acidic soil, which 

leads to a rather poor soil life. On the other hand, the foliage in deciduous forests leads to 

increased soil fertility because it can be decomposed relatively easily and many living 

organisms, especially but not only microorganisms - bacteria and fungi - are involved in 

decomposing the material and incorporating it into the soil. This also pleases the 

earthworms - the soil fertility enhancers par excellence. This increases the humus content, 

the aeration of the soil, the water infiltration and storage capacity, and so on. The trees are 

happy about this and develop an increased network of fine roots, which in turn helps to 

increase soil fertility.  

These are important aspects and developments, especially when we consider that 42% of 

the land area of the EU27 is covered with forest, and almost everywhere the monotonous 

plantations are suffering. 
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Volatile Organic Compounds (VOC) & Microorganisms 

A very exciting aspect is the direct and active involvement of trees in the formation of clouds 

and thus precipitation, and the associated acceleration or activation of the small water cycle. 

In addition to the importance of forests for energy fluxes and precipitation formation, large 

forests also appear to be biogeochemical reactors in which the biosphere and atmospheric 

photochemistry generate nuclei for cloud and precipitation formation, thus maintaining the 

hydrological cycle. Indeed, trees produce VOCs - "volatile organic compounds" - and release 

microorganisms that live on the leaves and become airborne during and after rainfall in 

forest ecosystems. In the atmosphere, they form an important part of cloud condensation 

and ice nuclei, which in turn affects cloud formation and precipitation. These biogenic 

aerosols can also help increase freezing temperatures by forming ice cores. Without this 

phenomenon, freezing would only occur at a cloud temperature of -15°C or colder; with the 

help of these ice nuclei, the process can be achieved at temperatures close to 0°C, allowing 

efficient cloud formation and making the formation of rain easier and more local. 

 

Let's move on to the issue of carbon dioxide. Since 1750, we have blown over 600 

gigatonnes of carbon into the air through the burning of fossil fuels. Of this, about 245 

gigatonnes have ended up permanently in the atmosphere, 170 gigatonnes have been 

absorbed by the oceans; the rest has been temporarily bound by vegetation. Now, as 

postulated everywhere, we want to pull carbon out of the atmosphere to mitigate global 

warming, and thus arrive at a lower carbon dioxide concentration there. But there is a so-

called gas pressure equilibrium between the atmosphere and the ocean - the carbon dioxide 

in a column of air above the water is in constant balance with the carbon dioxide bound in 

the water. This, by the way, is where the 170 gigatonnes in the ocean come from. If the 

atmosphere absorbs additional CO2 at a given time, the gas pressure equilibrium causes 

some of it to be absorbed in the oceans to restore the CO2 balance between the 

atmosphere and the water.  
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But it works the same way in the other direction: Let's say that we successfully remove 45 

gigatonnes of CO2 from the atmosphere. Then about 20 gigatonnes escape from the ocean 

to restore the balance. This means that over a longer period of time, we have to constantly 

remove almost 50% more CO2 from the atmosphere in order to reach the desired 

concentration of CO2 there. Our efforts in this regard - already not really ambitious and 

active - will in reality have to be much higher and the process will be much more protracted 

than previously communicated. 

 

Natural CO2 Variations 

 

Source: Mauna Loa measuring station in Hawaii 

However, we want to and must always look at how nature does it and search there for the 

best and most effective possible solutions. Here is a graph from the Mauna Loa measuring 

station in Hawaii, which has been measuring the CO2 concentration in the air there since the 

1950s. We see how the line keeps rising, and has risen from 270 to 420 ppm in 2021.  

What's exciting now is this second red line that goes up and down so jaggedly, but very 

regularly. What is that? 

If we zoom in on such a cycle, we see that CO2 concentrations rise in the first half of the 

year, then drop significantly in the summer months and reach their lowest point in 

August/September, which makes a difference of about 7 ppm. What is the reason for this? 

This is more or less the natural CO2 hoover called the photosynthesis process - the 

vegetation absorbs CO2 from the air, binds the carbon in the leaves, in the branches, the 

trunk and the soil. With more vegetation, we could successfully pull more CO2 out of the 

atmosphere at these levels and bind it permanently. So, working with nature and not against 

it seems to be the right approach here. 

Another aspect, not only of cities but also of open soils, especially if they occur on larger 

areas, is that they can generate the high-pressure areas already mentioned at the beginning. 
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This is shown here as an example on the diagram: The normal ambient temperature would 

be the 0-degree line. Above cities, open soils or even already dry grain fields, the air heats up 

faster, the air rises and forms high-pressure zones. These can disrupt the natural air currents 

by forcing incoming low-pressure areas with moisture to push past the sides of the high-

pressure parcel. This can lead to more precipitation in these regions, as the air masses now 

have to squeeze past the high-pressure area, resulting in the extreme precipitation events 

that are becoming more frequent. 

Rain Water Management 

A fundamental question is how we deal with water. In our current paradigm - here an 

example from the city, but agriculture is like a mirror of it - water is seen as a problem that 

needs to be disposed of and removed as quickly as possible. In the city, it is the drains where 

the water rushes into the hidden sewerage system - on agricultural land, it is the drainages 

and ditches that channel the water towards the river and the sea as quickly and efficiently as 

possible. This is the approach of the last decades. 

Water Management 

 

The use of water for agricultural production is also a growing problem in some regions. Not 

only that in some cases fossil groundwater, formed over tens of thousands of years and non-

renewable in our time dimensions, is used in large quantities (also for organic agriculture). 

Renewable groundwater, too, can hardly really be used in this sustainable way with our 

current approach, the way we deal with the water coming from above. 
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Source: https://www.spiegel.de/wissenschaft/natur/trinkwasser-bundesamt-fuer-bevoelkerungsschutz-warnt-
vor-knappheit-in-deutschland-a-243b5197-8bdc-4a1a-bf54-837190b8d04f 

And then we are surprised by news like this: "Federal Office for Civil Protection warns of 

drinking water shortage in Germany. Falling groundwater and consumption in agriculture 

could endanger the supply of drinking water in the medium term". Where is the water 

supposed to come from, that will replenish our groundwater reservoirs, if we make sure that 

precipitation above and below ground flows onto and off our fields, if houses, roads and the 

increasing concrete surfaces of cities and industrial zones lead the water into the rivers? 

 

Old vs. new water paradigm 

 

Source: »Rain for Climate« 

If we live in such a paradigm, where we see water as a problem and dispose of it as quickly 

as possible, where it runs off superficially and through the sewers, where groundwater 

reservoirs can hardly form again and whose level is falling because too much can be taken 

out and too little can seep in to replenish it, are we surprised by such news? 

We need a new water paradigm, recognising and valuing the value of water and its cycles; 

the value that water has for soil, vegetation, groundwater, climate, and also for us humans; 



 
 

19 The European Commission's support for the production of this publication does not constitute an 
endorsement of the contents, which reflect the views only of the authors, and the Commission 
cannot be held responsible for any use which may be made of the information contained therein. 

 

and changing our attitudes and infrastructure accordingly, including in agriculture, to retain 

water on the land for as long as possible.  

 

Source: »Rain for Climate« 

The trends are clear: we observe a consistent increase in extreme events; a decreasing 

circulation of water on land; a reduction in precipitation or negative distribution of 

precipitation patterns; reduced evapotranspiration and water infiltration into soils and 

groundwater. These developments indicate the disruption to partial collapse of the small 

water cycle.  

A new water paradigm - a significantly changed way of dealing with water - can halt and 

even reverse these disturbances and lead to a renewal of natural patterns, thus making 

nature fertile again. 
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Not only in agriculture, but also in other systems and thus across society as a whole, we are 

moving in degrading, degenerative processes where natural resources are overused, 

exploited and polluted. We have to change this.  

The first thing to do is to move towards a sustainable economy. However, preserving or 

sustaining is not enough. In times when we have ruined the environment to such an extent, 

we cannot be satisfied with merely preserving this state of affairs.  

We have to move towards a resource-building or regenerative economy in order to rebuild 

and restore these natural resources, to give future generations a real future and nature the 

opportunity to rest and develop again. 

That is why we need a paradigm shift - not only in the aspects described here. 

Increasing Soil Fertility 

 

How does this translate - coming back to agriculture - to appropriate methods? Here, soil 

from two fields - one on the right, the other on the left side of a road. Same soil, same basic 
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conditions. But on the left, conventionally cultivated - with ploughing, monocultures and 

pesticide use. On the right, cultivated with methods of regenerative agriculture. The 

difference is clearly visible and self-explanatory. Humus contents are far apart, and with 

them the water infiltration rate, water storage capacity, nutrient storage capacity, soil 

structure, etc. And thus, of course, completely different prerequisites for plant growth, 

among other things. 

This means having as little open soil as possible. Do not work with the plough, but use e.g. 

no-till methods as a possible alternative. This covers and protects the soil, to name just a few 

advantages. This comparison is only meant to show one direction to go, not to demonise 

one method and present the other as the ultimate solution. 

Instead of achieving open soil for the falsely positively valued soil tilth, which in fact means a 

loss of soil quality, soil should also always be covered between the main crops by cover 

crops and green manures, which promotes soil life and increases soil fertility, and at the 

same time means vegetation that can serve to cool and activate the small water cycle. 

We need undersow crops to cover the soil completely. Of course, there are always the 

objections that this means competition for the main crop. But in fact, there are enough 

scientific studies on the various advantages of this method, and experience and reports from 

practitioners who have had very good experiences with it. 

However, in addition to courage, knowledge and start-up financing, this also requires a 

different form of accounting. This means not only calculating the operational balance on the 

basis of yield, but also taking into account the capital of the soil and other "ecosystem 

services", and having them rewarded by consumers and society. 

Of course, it also means planting more trees and hedges. Agroforestry is the appropriate 

keyword for this, and fortunately the knowledge and the movement is growing, and in all 

countries there are an increasing number of projects and partly also funding. 

It also means a different form of forest management: instead of spruce monocultures, a 

diverse mixed deciduous forest, in which the focus is on soil structure, which increases 

climate resilience. 

Retain water, be it through the keyline design and contour parallel machining to prevent 

water and also soil from flowing away.  

Planting water - that was the theme. And it reveals that many things come together here. 

Ultimately, it is about observing nature again, learning from it and developing "nature-based 

solutions" - working with nature and not against it. If we take this into account, these 

approaches described here will bring multiple benefits. This is not a win-win solution, but a 

win-win-win-win...solution.  
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Cooling the climate with more vegetation, reactivating small water cycles, building up soils, 

making agriculture more resilient, and overall developing holistically thought-out systems - 

this is our goal. 

 

 

 

 


