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1 THE REASON FOR THE FORMULATION AND THE
MISSION OF THE NEW WATER PARADIGM

Things should be made as simple as possible, hamnyosimpler.
Albert Einstein

By the expression "paradigm" we understand a sesupipositions,
concepts and attitudes of a group of scientistegards to a particula| Whatis a
scientific problem. The term in this spirit is asisted particularly with| Paradigm™?
the name of Thomas Kuhn (1922-1996), a professdhefphilosophy
and history of science. Professor Kuhn dates tlggnhangs of his theory of scientific
revolution to the time when he was preparing histai@l dissertation. At that time he
read Aristotle'$?hysics which was, until the time of Isaac Newton, thestrauthoritative
work in the field. Kuhn was shocked by Aristotldissimilarity to Newton and by his
seemingly incorrect, even incomprehensible logiowever, when he was able to adopt a
different method of looking at Aristotle and some los basic concepts, the book
suddenly began to make real sense to*him.

Kuhn observed with surprise that the term "motioatilike that of | thinking in
Newton's (and his own) understanding, means intéttess physics not| conventional
only a change in the position of the object beimgestigated, but alsq ways

other changes, such as growth, a change in teroperahealing
processes and the likelust as Kuhn needed to free his mind of convealiaeas in
order to understand Aristotle, an understandinghef work presented here may also
require a certain distancing from some current popineories and ways of perception.
When, for example, this work speaks about watelpisg as it is not specified otherwise,
it means not only the water in rivers and in lakdsch we can see, but also water in all
of its states, forms and occurrences. Water vapdrcbouds in the atmosphere are more
than only poetic reflections of water in the growardl in open reservoirs. Water in living
organisms, particularly in plants, is likewise gubject of our attention.

Along with his many works of philosophy and variossientific | 1.
disciplines, Aristotle also wrote the wolketeorologica Unlike today's | possibility of
narrow understanding of this scientific field asnigeone concerned witt| challenging a
atmospheric phenomena, Aristotle covers in referetac this topic a| Paradigm
broad spectrum of knowledge and concepts about Haeth.
Meteorologicais not one of the best works of this brilliant lpsbpher, but Aristotle's
authority from ancient times up to the beginningh® modern age was so great, thanks
to his brilliant philosophical work, that hardly yame dared to challenge him in other

! Thomas Kuhn, "What Are Scientific Revolutions23ifi The Probablistic Revolution, Volume I: Ideas in
History, eds. Lorenz Kruger, Lorraine, J. Daston, and d#iHeidelberger (Cambridge, MA: MIT Press,
1987), http://www.units.muohio.edu/technologyandhaaities/kuhn.htm
2 . .
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fields of knowledge either. The expansion in exagimn and new geographical
discoveries in the 16th century gradually showesl dhvious fallacy of many concepts
and statements included Meteorologica Aristotle's Meteorologicain this case can
serve as an example of a paradigm which ceaseshtain valid and which needed to be
replaced with a new one which would present a bpttture of reality.

The theme of this publication is a paradigm aboatiew that is, a sum of 1, mystique
suppositions, concepts and attitudes of differentigs in society (notl of water
only scientists) about water. Water is a naturdljestt for a paradigm,
even though it doesn't have to be articulated iensiéic formulas. Poets have sung of the
mysticism of water; philosophers writing at the ¢iof the birth of philosophy in ancient
Greece considered water to be one of the foundatawnthe world. The ocean was,
according to Homer, "the father of all godsThales of Miletus considered it to be the
elemental matter of the worfdAccording to Empedocles and others, water wasadne
the fundamental elements of the world, along wdttre fire and air. Water as the basis
of life and as a purifying medium has been richdpresented in the symbols of the
world's religions. In the Bible, the original paisel is described as the Garden of Eden,
supplied with water from four rivers (the Euphratesl Tigris among them). A person
formally becomes a Christian through baptism withtev. Hindus, in their desire for
liberation, plunge into the Ganges River, and thenpsed paradise to believers in the
Koran also teems with the water of rivers. In tipgritual perceptions of humanity,
harmony with water and with its natural circulatienfelt as a gift, a goodness or a
blessing, and disharmony with it and the extrenfeissccirculation are considered as a
punishment, an evil or a curse.

Water is first and foremost a basic element of. lifée, according tO[ 11.¢ rise and
present theories, originated in water, expandédno and without watel g of
would cease to exist. Water is also an indispersaebimponent in thg civilizations
history of human civilizations. The greatest huraailizations emerged
directly around sources of water: the Nile in Egyfgite Euphrates and Tigris in
Mesopotamia, the Yellow River in China. Their presty depended greatly on their
having an abundance of water. Water helped fldéth the lower and the higher needs of
people, provided them with sustenance, protecemergy, transportation, rest, beauty,
harmony and inspiration. From history we know of¥ildations which successfully
developed around fertile land with rich vegetatimmd an abundance of water. It is
possible that many of them, however, brought alibair own decline or extinction
through the degradation of their sources of wateday we have become used to seeing
archaeologists digging up evidence of ancient, ahgeing civilizations in the desert or
in the semiarid lands of Northern Africa, the Mieddtast, Iraqg, Iran or in other parts of
the world. But it doesn't occur to us that thesdizations possibly died out in a process
which is still going on around us today.

* Homer,lliad, X1V, 201
“ Diogenes Laertius: "Thales... designated waténhagrinciple of everything."



The relationship of civilizations to water has ched over the course o 1. need for
history. In some civilizations water was worshippkdthe 20th century] a new
people attempted to confine and subjugate wategress in the spirit off paradigm
the communist slogan: "we command the wind anddh@' was, from
the viewpoint of immediate solutions, more effeefivbut from the
viewpoint of sustainability even worse than the sigpping of water.
Water cannot be commanded; a more sensitive agprsacequired. The need for
formulating a paradigm is a consequence of thaurkilof traditional ideas (in this
publication, we refer to them as the "old paradiptaoffer lasting, sustainable solutions
to some of the burning questions of water resouaoelswater circulation. The paradigm
formed slowly in the environment of a civic asstioila concerned with the scientific and
practical aspects of these questions. The firsirtepvere published in the early 1990s.
Its origin was accompanied by a gradual examinatiathe knowledge acquired through
long years of practice and by the broadening ofkmawledge base. Its publication is an
expression of the concern and care of a grouptizkeais interested in public affairs. It is
assembled with the objective of reassessing theeptaunsatisfactory approach to water
and the water cycle.

This work is not founded on new, revolutionary kietge; its newnesy™ " .

. o . : . ifferent
arises more from thinking through existing knowled its logical | 4ngie of view
consequences. Despite this fact, we are convirfedttis a pioneering
work, that it fundamentally changes water-managénpeactice and
may be a great inspiration for further researchfanthe scientific community. Scientific
research programs and materials have engaged hitatic changes for many years now
around the world, and they have extended over lserdarge range. They reduce the
whole process of these changes, however, almokiséxely to the question of so-called
greenhouse gases. Many scientists themselves, memous works, state that the
connection of the hydrosphere or changes in thenaydrological) cycles with climate
changes is great but has so far been insufficiesitidied® While attention thus far has
focused on the impact of climate changes on theeneycle! the altered paradigm
recommends concentrating attention on the impaathainges in the water cycle on
climate changes. If the alternative view presemtethis publication is correct, it opens
the possibility of a constructive solution to mafythe problems associated with climatic
changes. The plan for saturating the small watelecyhrough the conservation of
rainwater on land is, from the point of view of tlaithors of this publication, a
revolutionary solution to the given problems.

® For exampleThe Principles of Water Management Policies andoBsed Measures — An Alternative
Proposal, Water for the Third Millennj&lovak River Network, KoSice, 1993

® For example, Prof. RNDr. Milan Lapin, CSc., "A 8fiTheory about the Climatic System of the Earth,"
particularly in connection with changes in the @ier modification of the professor's inauguratipaech
from 20 September 2004, Internet

’ For example, European Commissi@iimate Change Impacts on the Water Cycle, Ressuand
Quality; Brussels, 25 — 26 September 2006, ConferenceeBdatgs, Scientific and Policy Report, EUR
22422



In addition to this introduction and the concludichapter, which| content of
summarizes the message of the publication and ele paradigm, the| the chapters
work is divided into a number of additional chapteChapter Two
briefly introduces us to the four "environments" water and to the
mechanisms of the large and small water cycles taedbalance of
energy in them. It briefly mentions the water bakand also points out
the great significance of seemingly minute chartges Since water and vegetation play
a decisive role in the transformation of solar ggefalling on the earth's surface and is
clearly involved in the water cycle of a countrhapter Three deals with these important
relations—it describes the flow of solar energywmsin the Sun and the Earth, the
distribution of solar energy on land, the abilifytiee biomass to transform solar radiation
into other forms of energy, as well as the imparéaof evaporation from the ground and
from plants for the distribution of heat in ecogyst and the consequences of drainage
and removal of vegetation in freeing up heat orlladhapter Four clarifies the history
and impact of the exploitation of land on changeghe runoff rates of water from land
and also implies an association with some negathenomena, not the least of which is
soil erosion. Chapter Five addresses changes ttethporal and spatial breakdown of
precipitation activities through the influence afrhan beings and the impacts of these
changes not only on local and global climates kartigularly on the rise in extreme
weather events. We dissect in this chapter theorefas rising ocean levels from an angle
and with an emphasis that are different from thekih the reader is commonly used to
seeing. We also fleetingly touch on the unhappyeetgiions of world society regarding
further development of the mentioned changes aei itthpacts on the growth of global
tension and the destabilization of life on EartheTessence of this publication is then
found in Chapter Six, which, after a brief recalaition of present attitudes towards
questions of water management and their impactspsurizes the new attitude towards
water in the new water paradigm. In addition topmsing a new "culture” in our attitude
towards water, it proposes a method of mitigatingremlressing the greatest damage
caused by current water management practices dn Glrapter Seven opens with a short
historical look at some aspects of land and wat@magement in our geographic space. It
contains an outline of practical measures for thevésting of rainwater on land, a
description of possible, or proposed processeshwhitt emerge from acceptance of the
new water paradigm for public sector institutiossagell as for the civil and commercial
sectors. Last but not least, this chapter offerpicure of the financial costs and
effectiveness of the proposed new processes andumesain comparison with current
approaches.

Mistakes that people make with strategic decis@rat the beginning of
a great work can have long-term and far-reachingyatiee
consequences. A distorted view on a problem caenofead to
counterproductive measures. That's why knowledglaeotorrect paradigms is important
in many fields of public policy. This knowledge m® small matter, and people often
reach it using a method of trial and error which sametimes be very expensive. We are
witnesses to the fact that the problems of watdriencirculation are solved on all levels:
the international, the national, the regional, liheal, the communal and the individual.
The offered paradigm for water is relevant to eaicthese levels because it puts them in

Ideas have
consequences|




a continuum and in each, water in all its forms argressions is a question of prosperity
and decline, even of life and death.

As far as the management of water on the state iev@ncerned, th
key processes are creating strategic policy dewsidefining legislative
instruments and determining the different authesititnd responsibilitieg
of state administration and local government, all a® a system of
using financial resources for the protection, ¢ogatind utilization of water resources.
The state at present supervises and looks aftee#hization of all the mentioned matters
as well as other affairs. If, however, its attentemd measures are not aimed at achieving
a permanently sustainable water balance on thaotgrrof the state, including water
balances on the territory of regions, towns androomities, the state, in the sense of this
new paradigm, is acting irresponsibly towards trapprty and health of its own citizens,
even towards the international society of nati@test.

The role of
the state

Local governments are responsible for the developroé their own
communities. The care for water on the level oaladministration is &
key to the happiness of citizens and the health saigty of the
environment. Towns and municipalities need to nesdffectively and
as soon as possible the protection of their laoohflooding, drought and fire, and at the
same time secure an abundance of quality watemi@intaining development of the
community. The development of municipalities is ghdependent on a sufficiency of
water and a stable water regime which does notaténe the well-being of the
community. The development of municipalities mukstoabe built on the principle of
water tolerance, i.e. carrying out on the locaklamanagement of water resources which
does not contribute to the increased threat ofhieEigng communities. Recognition of
the possible impacts of the local influences of hoity on wider connections, even on
global changes in the water cycle, creates a fdioré#or successful, professionally and
effectively manageable solutions on the local leagording to the well-known principle
of "think globally, act locally!". Sustainable stilons on the local level contribute to
stability on the regional, continental and globavdl. The submitted paradigm offers
sufficient inspiration for both global thinking afatal action.

The role of
local
government

Some business entities are engaged in tradingwatker and satisfying

the economic, social and environmental needs ofesoclf they use| Doing

. business with
water from natural sources and do not return ithe water cycle,| |~ -
however, they cause a deficiency of water and gnagative changes it

this cycle. They often, in the end, do harm botlthigr customers and themselves. This
new paradigm for water therefore opens up spaceusmesses to strengthen their own
interest in the conservation and renewal of watehé water cycle.

At present, the individual is placed in the positmf consumer of watel
and for the most part is neither aware of his ohare of responsibility
for the protection of water nor of the possibiktier threats which wate

Possibilities
for
individuals

(or the lack of it) may bring. And yet each roofdaeach yard of a

family home is a microwatershed on which the anmsuah of precipitation represents a




surprisingly large volume of water. Water is aneasghich the individual citizen can use
to improve his own life in a variety of ways. Henaaso, however, without any profit and
for a fee, flush it into rivers and into the seadatfus slowly contribute to the
desertification of his own environment and microdie and, in time, to macroclimatic
changes. The new water paradigm makes this chaioescious one.

The publication of the paradigm is, in the opinaints authors, a stej
towards a responsible approach and greater critigaking with no | The common
intention of offending anyone associated with tiéd "paradigm" or| 90°d
hurting anyone associated with the changes thdtlaesult from the
change in paradigm. The new paradigm should bepgaden the spirit that it is offered.
The authors provide an independent view on theajlsbenario of the circulation of
water with its effects on a continental, nation&gional or town level, so that this
knowledge will contribute to the common good. Tleeptance of the paradigm, besides
other suggested activities, ultimately means theeptance of a new higher culture in
relation to water and thus also a total overhauhefcultural character of our civilization.
In the end result, it's about much more than jlusew

10



2 WATER AND ITS CIRCULATION IN NATURE

Now the sun, moving as it does, sets up procegselsange and becoming and decay,
and by its agency the finest and sweetest watevaesy day carried up and is dissolved
into vapour and rises to the upper region, wheris itondensed again by the cold and so
returns to the earth.

Aristotle, Meteorologica

Thales of Miletus considered water to be the prmagter of the world. Empedocles and
some other ancients, but also later Medieval andlaReance thinkers, considered it a
prime matter of the world along with earth, firedaair. In this chapter we "set the stage”
for water, and we sketch out a mechanism for itsraction with the other mentioned

"basic elements" during its circulation in nature.

2.1 The four "environments" of water

There are around 1400 million cubic kilometers ataev on Earth. Wherf 4 o

we speak about water in this document, we haveind water in four | environments
"environments": water in the seas and oceans, veatdand, water in| of water

the atmosphere and water in living organigtab. 1) At the same time
we have in mind water in all of its states: gasebgsid and solid.

Water of the "first environment,” that is, in theas and oceans, cove :
70.8% of the surface of the Earth and forms thgelstr part, up to \é\éztaerrls'n the
97.25%, of the volume of all water on Earth. Thassend oceans havel«
key global thermoregulational function for our panTheir temperature in the course of
a year changes only minimally. If they were notehdrowever, fluctuations of extreme
temperatures (such as occur, for example, on thenjneould afflict our planet, which
would then be unable to sustain life on Earth askn@w it. And only slightly larger
fluctuations of temperature, in comparison with tipeesent, could have fatal
consequences on the food security of our planetogrother functions of the seas and
oceans, the supply of precipitation to land will bk especial interest to us in this
publication.

Our image of water in the "second environment" and is often
distorted and fixed only on water in rivers, or lggrs in natural ang
artificial reservoirs. Water in its solid state ggiers, snow), however
forms 2.05% of the volume of all water on Earth aodtains up to 70% of the world's
reserves of fresh watetiap. 2. Alongside this water, visible surface wateriwrers forms

only 0.0001% and in lakes (inclusive of salt lakesl inland seas) 0.01% of the volume
of all water on Earth. Groundwater and soil mostuepresent, alongside the oddly

Water on land
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placed glaciers, the largest wealth of water oml [gh685%), exceeding the volume of
water in all rivers and lakes of the world manydsiover. Water in the soil is, in terms of
amount and usefulness, more important than wateivars. This undiscovered and
misunderstood treasure is, however, overlookedhagtected, and as a result, decimated.
This publication is particularly concerned abogtimprovement with the help of water
from the "third environment.”

The volume of water in the atmosphere (in all thrstates) is
approximately ten times greater than the volumallbthe water in all
rivers Theoretically, if all the water in the atmospherere to suddenly
fall in the form of precipitation, it would covehe surface of the earth

with an imaginary layer of water 25 mm in depthstJas the seas and oceans hold the
key to theglobal thermoregulatory function for our planet, the watethe atmosphere
has a key role to play local thermoregulation.

Water in the
atmosphere

Water surrounds us. It is, however, not only arousdut inside of us
too. Water in living organisms, that is, in the ufth environment,"
forms approximately 0.00004% of the volume of alter on Earth,
which is in terms of volume the least of the fonvieonments. But what is missing in
volume is greatly made up for by the fundamentgbartance of this water for every
individual form of life. The human body, for exaraptontains more than 60% water and
all physiological processes in it take place ireamironment made up primarily of water.
The content of water in plants differs accordinghe species and is often much higher
than in animal tissues. The volumes of water acdarad in vegetation are not
insignificant, equally the volumes of water accuated! in the soil thanks to the existence
of vegetation. Vegetation on land has, besidesrdthections, a hugely important role
particularly in the regulation of evaporation frahe ground, thus significantly helping
maintain the thermal stability on land upon whithawn success, even its existence, is
greatly dependent. All higher forms of life on Eadre dependent on the existence and
prosperity of vegetation.

Water in the
biota
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Tab. 1The allocation of stocks of water on Eartfi

Reservoir Volume of water (in millions of km®) | As a percent of the total

Oceans and seas 1370 97.25
Icebergs and glaciers 29 2.05
Groundwater 9.5 0.68
Lakes 0.125 0.01
Soil moisture 0.065 0.005
Atmosphere 0.013 0.001
Rivers 0.0017 0.0001]
Biosphere 0.0006 0.00004
Total global reservoir of water 1408.7063 100

Tab. 2Area of continents, oceans, deserts and glaciateertitory and the number of
inhabitants on the continen?

mean height N
umber of
glaciated of Area of desert residents
Area in km? land | ) continents over 20,000 e
and in km . 2. 2 in mil. (year
in m above km<in km
2000)
sea level
Continents as a whole 149 409 000 16 081 030 13 771 000 6 076
Europe 10 382 000 115 000 290 729
Asia 44 410 000 89 000 960 3480 000 3686
Africa 30 329 000 15 650 8 922 000 796
North and Central 24 360 000 2 049 000 715 39 000 835
America*
South America 17 843 000 25 000 580 160 000
Australia and Oceania 8 910 00( 1015 340 1170 000 30
Antarctica 13 175 000 13 802 000 2 000
Oceans 361 455 00( Average
depth of the
oceans inm
Pacific 179 680 00Q 4028
Atlantic 94 243 000 3542
Indian 76 170 000 3710
Arctic Sea 11 362 000 1228
Earth in total 510 864 000

* including Greenland, which despite political amdtorical associations with Denmark
and Europe, geographically belongs to the North Acaa continent. Its glaciated

territory totals 1,802,600 km
** the glaciated area of the Alps totals 3,600°km

8 various encyclopedia resources
° Source: www.geohive.com and other encyclopediauregs
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2.2 Water and thermal energy

Water is exceptional in the fact that at tempeestwwommon on Earth if 1,0

can occur naturally in all three states: solidyiigand gaseous. Upon it absorption or
change of state it consumes, or frees, a certaiouamof thermal| freeing of
energy. By the change from solid or liquid formsoirwater vapor it| heat
acquires a high mobility, thanks to which relativéhrge volumes are
able to quickly shift in horizontal and verticatekitions. Water has at the same time also
the largest measured heat capacity (that is, tiigyato absorb thermal energy) of all
known substances. Thanks to this ability to bind #mrelease energy, as well as the
ability of transfer, reflect or diffuse energy, watn all its states can cool or heat the
planet as needed. It maintains it at such temp@&situhich make life on Earth possible.

Water balances the thermal extremes between daynight, between

. e . .. . . The
the individual seasons and between individual regihile at the same balancing of
time tempering extremes in the weather. Water vapothe most| temperatures
widespread greenhouse gas in the atmospfiét® concentration in th
atmosphere is quite variable, but it typically fluates between 1-4% (by comparison, the
concentration of C@®is 0.0383%). The more water there is in the atihesy the
stronger its moderating effect on temperatures ted fewer the deviations in the
weather. The less water there is in the atmosphieeeweaker its moderating effect on
temperatures and the more extreme the deviatiotieiweather. Where water is lacking
in the soil and in the atmosphere, extreme theooadlitions usually predominate. Water
and water vapor influence in the most significamatyvthe climate on Earth. Despite this
fact, its role in the atmosphere is one of the tleasearched and rarely discussed
questions?!

Falling solar radiation evaporates water from seakes, rivers,| y¢ cooling
wetlands, soil and plants into the atmosphere. 8taporation of each funtion of
molecule of water consumes heat and thus coolsEtréh's surface,| rain
Evaporated water in the atmosphere condenses ams fdouds, fog,
water precipitation or ice crystals. Water vaporichhrises higher into the atmosphere
condenses under the influence of the cold air &nd teleases thermal energy. Cooled
high in the atmosphere, it returns back to the iggan the form of rain. The repetition of
this process represents the acting mechanism retimination of surplus thermal
energy and resembles an ingenious piece of co@qgpment. It is usually true that
roughly half of the Earth's surface is at any gitieme shadowed by cloud cover. Clouds
limit the entry of solar radiation into the atmosph and onto the surface of the Earth.
The limiting of the solar radiation that falls ohet surface of the Earth decreases
evaporation and thus the further formation of ckud

10 5ee, for example: "The Climatic Effects of Watepdur," Feature: May 2003,
http://physicsweb.org/articles/world/16/5/7/1

1 See, for example: "Water Vapour Supplies New @tarClues," August 2002,
http://physicsweb.org/articles/news/6/8/7/1#020805
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Clouds play an important role in the regulationtioé Earth's energy
balance in regards to solar radiation. They reffent of the shortwaveg The

solar radiation, thus limiting its entry into thémesphere and to thq thermoregulat
surface of the Earth and thus protecting the E#&mim excessive ';ngl)zudnscuon
warming. However, they also capture part of thegleave (thermal)

radiation from the Earth which would otherwise ggcanto space; they
thus have a warming effect as well. The coolingvarming effect of
clouds depends on their type and their altitudev-attitude cumulus clouds cool the
Earth while thin, high-altitude cirrus clouds haaevarming effect? Research on the

thermoregulatory effects of clouds and their eguilim have been shown to be very
promising and very interesting with regard to thesent problems of humanity.

If solar radiation falls on a surface well stockeith water, the majority| Evaporation
of the solar energy is consumed in evaporation, rdreainder for| and
sensible heat, heating the ground, reflection, lwtgsynthesis. If thel vegetation
sun's rays falls on a drained area, most of ther satliation is converte
into sensible heat, while in areas that are seffity damp year-round most solar energy
is consumed for evaporation. Therefore, water sedasoil saturated with water and
vegetation all play an important role in the cietidn of water on land. Functional
vegetation fulfills the function of a valve betwe#re ground and the atmosphere. It
protects the ground from overheating, and thusndrgut, and optimizes the amount of
evaporation through the help of transpiration tiglodhe many pores (stomata) on the
leaves. Vegetation well stocked with water thus &asgnificant cooling effect and air-
conditioning capability. Vegetation—its amount, éypnd, last but not least, quality—
significantly influences surface runoff in waterdeetoo. Through deforestation, through
agriculture and through urban activities, the antooi water on land has changed.
Humanity is thus unwittingly changing the flowsrmassive amounts of water and energy
(for more details see Chapter 3).

Heat (and gravitation) is the motor of the globaltev cycle, which —
consists of the large and small water cyqEiy. 1). Water in the tpr;;';y'”g and

. : . . port
water cycle is the blood and lymph of life, whicmder the influence| characteristics
of solar energy and gravitation, flows, circulatesl vibrates in all its
forms between the seas, the land and the atmospiren passing
through the atmosphere, it absorbs carbon dioxmeammonia as well as other gases
and impurities. Similarly, it is also enriched bgrious minerals when flowing across the
Earth's surface or during infiltration through tbal and subsoil. Through all of these
movements, water drives, cleans and thermoreguéaiesystems, but it also erodes the
soil. The amount of mineral substances which wedgeries away to the seas and oceans
each year is estimated at 3.5 billion tons. Theldement of soil and soil nutrients is
one of the reasons why the runoff of rainwater friamd needs to be slowed and why
rivers should carry to the seas only those surpla$evater which do not "fit" into the
optimally saturated land and atmosphere.

12 NASA DAAC Study:Clouds in the Balange2001, http://nasadaacs.eos.nasa.gov/
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2.3. The large water cycle

The large water cycle is the exchange of water éetwocean and lan Evaporation
Approximately 550 thousand Knof water evaporate each year into t| from oceans
atmosphere. About 86% of the evaporation from thelEs surface i and

from the seas and oceans while about 14% is frow. |®f the total| precipitation
amount of atmospheric precipitation originatingnfraéhis evaporation,
74% falls over the seas and oceans and 26% owtrfFaom the above, it follows that the
seas and oceans, through evaporation and prempitendow land with a certain volume
of water which travels by way of atmospheric thedymamic flows a great distance over
the continents, where it then rains down (or fadlthe form of snow).

Part of the water from precipitation is absorbdd the ground and, if it The balance
reaches the groundwater table, is added to grouwedwanoff (except| of the large
for regions without groundwater runoff). Part oktlvater is used by water cycle
vegetation and part of it evaporates again. Theaneder flows away via
surface runoff into the network of rivers and b&ekhe seas and oceans. Thus the large
water cycle is completed. Under balanced condititims same volume of water flows
from the continents into the seas and oceans ksrfahe continents from the world's
oceans in the form of precipitation. But even iekly small deviations from this state of
equilibrium can mean great problems on the contg)gparticularly if they are longer
term deviations and if they affect most river basiif more water flows from the
continents into the oceans than is transferred fwoean to land through precipitation, the
land loses water and dries out. This occurs, famgde, when humanity systematically
lowers the infiltration of rainwater into the sdihrough its activities (for example
deforestation, agricultural activities, urbaniza)ioand channels this water (in the
guickest possible way) into rivers and subsequenttythe sea. The moisture of the soill
decreases, the groundwater table falls, vegetatitiners and less evaporation takes
place. If the volume of water flowing from contirierto the seas and oceans increases
and evaporation of water from the seas and oceamsins unchanged, or does not
increase adequately (under the influence of inetasvaporation due to global
warming), then the increased flow of water from doatinents (including the increased
melting of glaciers) adds to the rise in oceanleve

Besides the changes in the global water balancehnduie caused by
phenomena beyond the influence of mankind (solatesy changes in gtl#gfn and
position of the Earth in relation to the Sun, veicaactivity...), man| i quences
unconsciously causes further deviations, thus dmriing through his
activities to the desertification of the continenf$irough conscious
activity in the opposite direction, however—namtig deliberate conservation of water
on the continents—mankind could stop this ongoiegettification and return the lost
water to the continents.

16



2.4 The small water cycle

The small water cycle is a closed circulation otewan which water[ .00 and
evaporated on land falls in the form of precip@atiover this sam€ cnharacteristics
terrestrial environment. Just as a small water ecytists over land,
there is also a small water cycle over the seas ce@dns. Mutual
interactions take place between the individual smater cycles
because these occur in space and time over laeges avith different morphologies and
surfaces with varying levels of moisture and swfa@ater. The circulation of water in the
small water cycle, then, is partially horizontalit unlike that of the large water cycle,
vertical movement is the most characteristic. Evajjan from adjacent areas with
different temperatures mutually concur in the dosaand development of cloud cover.
Perhaps it can also be said that above land wamrlates at the same time in many
small water cycles which are subsidized with witam the large water cycle.

The name of the small water cycle is not to itsaedage because i )
gives the impression that the cycle contains onlgnaall amount of E;?npgsgoa?]d
water. The opposite is true. Let's look at thenimfation in the previous ainfall
chapter from a slightly different angle. The averagnual precipitation
over land is 720 mm and the input from the seabait 310 mm. From
this information it follows that land provides thager part of its own precipitation (410
mm) from its own land-based evaporation. The pretipn in a region shares in the
saturation of soil with rainwater, and through #meall water cycle, roughly one-half to
two-thirds of rainwater (50 to 65%) goes into tlepeaated creation of precipitation over
land. This is very important information which skwbéundamentally change our current
approach to the management of water in river badenkind cannot transform and
drain the land limitlessly without also having ampiact on its precipitation and its
thermal regime. If we want to have stabile preaipin over the land, it is very important
to ensure evaporation from the same land. Evapordtiom land is, with a certain
simplicity (ignoring accumulation), the differenbetween precipitation and runoff. If we
have a great outflow of water from a territory sthill be to the detriment of evaporation
and will cause a subsequent decrease in precgutaiihe volume of water in the small
water cycle over land will gradually decrease. Watliecrease in runoff, on the other
hand, we get greater evaporation and thus we &ctisalw the rain.”

The small water cycle, also the short or closedewatycle, is The
characteristic for a hydrologically healthy countin a country| .. iation of
saturated with water and water vapor, water citeslain small| \ater on
amounts and for relatively short distané&ghis occurs thanks td healthy land
a water-vapor induced moderating of the differencetemperatures
between day and night or between localities witfedent thermal regimes. The majority
of water that evaporates condenses again in tlegegion or its surroundings. Frequent
and regular local precipitation retrospectively mains a higher level of groundwater

13 Below, the one- to three-kilometer boundary lapérthe atmosphere is in this context the most
significant. Turbulent flows of moisture, warmthdalocomotion run there and over 75% of all watgrora
in the atmosphere is found there (Prof. Lapin).
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and with it also vegetation and further evaporatiso that the whole cycle can be
repeated again and again.

If, however, there is an extensive disruption ofjetation cover (for
example, by deforestation, agricultural activitiaghanization), solar
energy falls on an area with low evapotranspiradiod a great part o
it is changed into heat. This leads to a significdivergence of
temperatures, and the differences in temperatuedselen day and night or between
localities with other thermal regimes increase. @irrents increase, water vapor is taken
further away by the warm air and the majority ofjgoerated water is lost from a country.
Light and frequent precipitation decreases, andetlge an increase in intense and less
frequent precipitation from the seas. The cycleopened and the large water cycle,
which, unlike the "soft" small water cycle, is cheterized by erosion and the washing
away of soil nutrients into the sea, begins to preitiate. The renewal of the domination
of the small water cycle, which is advantageoushiamanity, vegetation and the land,
depends on the renewal of the functional plant co¥ea territory and water surfaces in a
country.

Disintegration
of the water
cycle

2.5 The balance of the water cycle

The expression "water balance" is understood inrdigdy to be a
relation which characterizes the circulation of @vah a certain system
mainly in a watershed or in its parts. We exprésgith equations like
(1), which show the relationship between elementsriemgtea system
(for example, precipitation) and elements leavirgystem (for example, evaporation and
surface or underground runoff). A third, neglecédeiment exists between the entry and
runoff of water and that is the change in the vauwhwater in a system.

A balanced
equation

Monitoring the water balance of a territory is avfethe basic tasks of
hydrology and meteorology. Such monitoring congsedominantly of
regularly measuring total precipitation and flowtesa of water in

Monitoring of
the water
balance

watercourses through a network of precipitation sneag stations an
limnographic stations for selected profiles of webeirses, particularly during their
outfall to larger basins, to the waters of neigiMgpistates and to the seas or oceans. In
the scope of a meteorological and climatologic&voek, attention is paid, in addition to
these parameters of water balance, to the tempesatin a territory, levels of

groundwater and the quality of the water.

Workers from professional institutes subsequentbcess data obtaine
from long-term measurement into a long-term senbgh helps them
monitor the current development and trends of teasured quantities

Mathematical
modeling of
the climate

On the basis of different models and results ofwkmalata, they create.
models for the development of these quantities aitleye on the future. Climatology is
dedicated to such modeling. A common area for uperhaps the most well-known
modeling of the development of weather by meteajists, although their models are
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built on a different principle. A forecasting sex@iis able, with reasonable accuracy, to
model weather one, two, three, even ten days iarazks Climatologists, however, model
the development of a climate a number of yearsen elecades in advance.

A necessary, though not sufficient condition forstable climate in A "

. . ) . condition
a territory is a stable water cycleig. 2). That's why a very importan| o, the
piece of information, which should be the primaryrgose for | stability of
monitoring the water balance, is the differenceMeen the amount of the climate
water which enters into a system and the amountadér which exits
from a system. This difference, when positive, ¢aties to us the addition of water to a
system (saturation), and when negative, the lossabér from a system (dehydration).
Most models of weather or climate don't really pdevthis information, however,
because they do not calculate it or they do nosicien it significant.

Amongst both the general public and experts thabéshed notion[ "~
prevails that this difference is, for large unissi¢h as river basins 0 pgjance
whole continents) and for long periods of time éaryor more), equal tq
zero, or around zero. The conviction that the arhofinain the wind brings from the sea
Is the same amount of water that flows in rivergh® seas is a legacy of the times when
hydrologists first discovered the water cycle. Thimys explained an old puzzle: how it is
possible that the levels of the seas and oceamstdiase when all the rivers of the world
constantly flow into them. Today, however, hydratad measurement shows that the
levels of the seas and oceans are rising and atathe time the levels of groundwater are
falling, and yet it doesn't seem to have occurcedrtyone that the balance between the
inflowing and outflowing water cannot be zero. Tdreat danger of neglect threatens just
when this difference is very small and yet stilltbe same side of the equation. In such a
case it can lead to the drying of a country oveol@ldecades without hydrologists ever
noticing the reason for it.

Within the scope of hydrology, meteorology and _diniogy, the Quantification
water balance of a state and the water balandeeofiain watershedy on the level of
in the framework of the state have so far only beemitored on the| micro

level of individual countries. The bigger the systdghe easier it is tq watersheds
overlook the dangerous one-sided deviation mentiagme¢he previous
paragraph. If, then, we want to analyse a territeffectively, we need to quantify its
water balance even on lower levels — on the regionkpcal level (community or town)

or still lower, in which, depending on the size aéracter of the investigated territory,
the ratio of runoff to precipitation can be mutyadlifferentiated(Tab. 3) As we shall
later see, the quantification of the water balaza® also be necessary on a personal level
in the area of land ownership, for example for gheposal of volumes needed for
rainwater harvesting on a plot of land.

19



Fig. 1 The large and small water cycles on land

Fig. 2 Diagram of the long-term stable water cycle on land
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Equation fevater balance in a watershed

R=E+ Q + V (1)
[+1% -1 %] — minute changes Q and
in the annual waialance of a
watershed

R — precipitation total over an area (per ygkr)- evaporation from a region (per
year),Q — surface and subsurface runoff (per yea¥) - change in the amount of
water in the system (per y@ail % — relatively small increase in the volume of
runoff versus the normal level initiated by thergmse of runoff of rainwater from g
region for the current calendar year (not observdbking the current researchy,
% - relatively small decrease of supplied watehwdoil profile and subsaoil
compared to the normal level initiated by the iaseof runoff of rainwater from a
region for the current calendar year,

A volume of 1% can be used, for the purpose of explaining théblpmo, as an
average value of the decrease in groundwater amdpgheding up of surface runqff
for a normal calendar year during the 20th centlitys value approaches zero if|it
applies to natural land untouched and unchangednagkind. This value can b
greater than 1 in highly urbanized areas with cetepdrainage of rainwater in
watercourses. If we multiply the amount of waterresponding to this percentage,
whatever it may be, by the number of years (fomgla 100 years; we can consider
the 20th century as a reference period) we asodhat this is a considerable amoynt
of water which the land has lost (particularly ve tsoil profile). Part of this volume at
the same time increased in the oceans (after stibfgathe increased evaporation
from the ocean levels) and along with water fronitimg glaciers, contributed to th
rise in their levels.
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Tab. 3Examples of water balance depending on the size thie studied territory **

(mm/
)
I "# 10,382,000
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1 Source of initial data: Slovak Hydrometeorologgtltute, Bratislava, Slovaki&arge Atlas of the

World, Kartografie Praha, Prague, 2000; O. Makova, P. Sastny: "The Hydrological Cycle".
EnvironmentEdition 35, number 3, pg. 123, Insititute of Laacblogy, 2001; Study "Integrated Protection
of Water in PreSov", People and Water, 2007
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3 THE ROLE OF PLANTS IN THE CIRCULATION OF
WATER AND IN THE TRANSFORMATION OF SOLAR
ENERGY

May | each day take a wandering walk along banksdeewater. May my soul rest on
the branches of trees | planted myself. May | mireyself in the shadow of my own fig
tree.

Inscription on an Egyptian tombstone, cca 1400 yedrefore Christ

All praise be yours, my Lord, through all that yieave made, And first my lord Brother
Sun, Who brings the day and the light you givestthtough him...

All praise be yours, my Lord , through Brothers Wwand Air, and fair and stormy, all
the weather's moods, by which you cherish all thagbu have made.

All praise be yours, my Lord, through Sister Wateo, useful, humble, precious and
pure...

All praise be yours, my Lord, through Sister Eadiwr mother, who feeds us in her
sovereignty and bears various fruits and colouted/érs and herbs...

St. Francis of AssisiSong of Creation

This chapter begins by dealing with “fire,” the gmaary opposite of water, specifically
with the distribution of solar energy on land. tads attention to the significant role of
water and with it the power of vegetation for temmpg the burning effects of the sun. It
demonstrates the fact that the roles of water agetation have in the concept of the
greenhouse effect and global climate change beagn fr greatly neglected. It focuses
also on the possibility of alleviating the effect olimate change by improving
management of water and vegetation.

3.1 The flow and distribution of solar energy onla  nd

The philosopher Heraclitus of Epheseus, livinghatturn of the sixth and fifth centuries
before Christ, according to some ancient fragmeoitsidered fire as the prime matter of
the world. A little later, Anaxagoras conjecturédttthe Sun was a giar | jeas about
flaming ball of metal, larger than the Peloponnése. this he suffered e sun

condemnation and banishment from Athens. If we werguratively
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identify fire with the Sun in the first case andné were to take into consideration the
psychological difficulties of the contemporaries Axiaxagora with the physical nature
and the size of the Sun, these two philosopherddvprobably be two of the ancient
authors who came nearest to today's knowledgehbabun contains 98% of all mass in
our solar system. Some 1.3 million Earths coulglbeed within the Sun.

The sun is the primary source of energy for Edftir. approximately five billion years
now, it has illuminated daytime on our planet, doso thanks to the nuclear fusion in its
interior, which transforms light hydrogen into heh. The Sun annually Energy from
sends about 180,000 teraWatts (TW) of energy tohHarthe form of | ..., y
electromagnetic radiation. Only for the purpose comparison: the| ragiation
amount of energy which the whole of humanity uses driving its
economy is approximately 14 TW annually. About B of energy falls on each square
meter of the outer surface of Earth's atmosphére gblar constant). Solar energy keeps
the atmosphere in a gaseous state, warms our plametemperature favorable for life,
keeps the circulation of water in motion and pregi@nergy for photosynthesis and other
life processes. The energy concealed in fossikfaédo has its origin in solar energy in
the transformation by photosynthesis of planth@long distant past.

Of the total amount of solar energy which reachesBarth, about 30% -

on average is reflected back into space in the fofmshortwave| |agiation in
radiation, 47% radiates as longwave (thermal) temiaand 23% is| the
consumed in the circulation of water for evapormatitJpon passing| atmosphere
through the atmosphere, solar radiation is paytiabsorbed by gases
and water vapor as well as being absorbed andctefleby powdery particles and
aerosols. The energy of the radiation in the uiblav zone decreases, while the share of
longwave (thermal) radiation increases. The sodaliation that falls on the Earth's
surface consists of two components: direct andusiffradiation. Direct radiation forms
parallel rays which arrive directly from the Suhgy form shadows), or are refracted
upon passing through the atmosphere. Diffuse radiatriginates with the dissipation in
atmospheric gases, clouds, powdery particles, alsraad other impurities. Both of these
components are present in daily sunlight, but thewportion frequently and very
markedly changes.

The amount of solar radiation which reaches théasarof the earth S

: . . . .. olar
varies considerably in time and space. Solar rafiateaches the ,giation
surface of the earth in daily and seasonal pdfs&se maximum value| reaching the
of the radiation which arrives per square meteryear can reach 300( Earth's
kWh. In the temperate zones of our geographic sadimgs, the annua|_surfac
input of solar radiation reaches a value of abal@01kWh/nf. The amount of solar
energy which falls on the Earth's surface is deteechby the weather at any given time.
The difference in the amount of solar energy raaglhine Earth's surface on days of clear
and on days of overcast skies is formidable [8ge3a, b.

!> The values of solar radiation in different places Earth can be found on the webpages of NASA
(http://eosweb.larc.nasa.gov/sse)
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The distribution of solar energy depends also an ¢haracter of th
terrestrial surface. Incoming solar radiation istipdly reflected (albedo
expresses the ratio of reflected radiation out atéltradiation). The
amount of reflected radiation depends on its wangtle on the angle of its fall and on
the character of the surface. Vegetation reflect8% of shortwave solar radiation; a dry
surface reflects up to 35% of the radiation fallorgit while freshly fallen snow reflects
up to 90% of solar radiation.

Albedo

The fate of incoming solar energy depends sigmtigaon the presenc
of water in an ecosystem, which strongly influenttes distribution of
energy between the two primary flows of heat: d#asand latent heat
As the name itself suggests, sensible heat is guao@d by an increase in the
temperature of substances or bodies which we aan lfatent heat is not accompanied
by any increase in temperature. Latent heat, incase the latent heat of vaporization of
water, is the amount of energy which water mustikexin order to turn into vapor of the
same temperature. Let us refresh our school kn@eled physics: evaporation from the
free surface of a liquid takes place at every teatpee, the intensity of this evaporation
increasing with the temperature of the liquid, wvilike size of its free surface and with the
removal of the vapor formed above the liquid. Alling point, liquid evaporates not only
on the surface, but also from the interior as wElle specific latent heat (that is, the
latent heat per unit of mass) of water under nopnagsure and at a temperature of 25 °C
is 2243.7 kJ/kg. This indicates the amount of saaergy which is consumed to
evaporate each liter of water without increasing tiamperature (This same amount of
heat is released later during condensaton of tlierwapor in a colder place.).

Sensible and
latent heat

Of course, water can change into water vapor dnityis present on
land. If it is not present, a great part of theas@nergy is changed int
sensible heat and the temperature of the environhnskarply
increases. Whereas in a parched country up to d086lar radiation
changes into sensible heat, in a country satusaigdwater up to 80% of pure radiation
can be bound to the latent heat of the vaporizaifomater and only a very small portion
of solar radiation is changed into sensible itE&j. 4).

Water on land
and heat

3.2 Flora, water and the distribution of heat

At the conclusion of the previous chapter we stathdt the

. . . Water and the
fundamental difference between drained land and &aturated with| gissipation of
water rests on the way solar energy is dissipateanely in its| energy
transformation into other forms of energy. Fronstfact it follows
that terrestrial ecosystems can through active laign of water
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currents significantly influence the distributionf @olar energy into two main
components: sensible and latent heat. The prinmappitance of vegetation on land for
the climate is in its influence on the transforroatof solar radiatioh®

The distribution of solar energy reaching vegetati® represented irf |,

Fig. 5. Solar radiation reaching the Earth's surface islyaeflected; | gistribution
unreflected radiation is called net radiation. Thasliation is partially| of energy in
tranformed (dissipates) through the evaporatiorwafer, is partially | flora
changed into sensible heat, partially conductedyaagaheat to the soi
and is partially accumulated in the biomass viatpéynthesisThe amount of energy
accumulated in biomass is relatively low, with tret production of 1 kg of biomass per
square meter representing about 0.45% of the aninpat of total solar energy per
square meter. The amount of biomass produced indhese of one year (annual primary
production) varies greatly between different placesEarth according to the amount of
the sun's rays arriving, the stocks of water amdatcessibility of nutrients. Generally,
the more solar energy there is, the higher thenpi@leproduction. With the increase in
input of solar energy, water becomes the main iingitactor in primary production.

The majority of living plants contain a great dedl water in their )
tissues, with growing biomass containing up to 8@9water. At the E;l’gporat'on
same time, water is also bound to growing tisshesugh the intake ang {anspiration
photosynthetic fixation of carbon dioxide (@OFor a 10g daily growth| of plants

of dry matter per /i roughly 14g of C@ 1g of nutrients and 80-90g or
water are fixed to cell structures and plant tissugesides water for the building of
tissues, we should also mention in connection wé#detation the consumption of water
for evapotranspiration. Evaporation includes thpovezation of water from the soil or
from the surfaces of plants. Transpiration is #lease of water by plants in the form of
water vapor. Plants constantly regulate the amaintwater vapor released by the
opening and closing of a large number of poresstomata, under the surface of their
leaves. Together with providing shade, plants, mitre right levels of incoming energy,
are able to cool and protect the soil, but paréidulto optimalize amounts of water
which would otherwise very quickly evaporate frone tsoil and atmosphere. It can be
said that the ground "sweats" through plants, wetidistic values for evapotranspiration
per square meter in the conditions of the tempestteate zone reaching values of 3
litres per day, which represents a latent heat bkih (7.5 MJ). In the mentioned case
roughly 3.09 kg of water pernpasses through the flofgig. 6).

Evapotranspiration is a dynamic process which dagp@nmarily on the| 1ne gifferent
input of energy and the accessibility of waterr@acpss which increase| apilities for
with the growth of inflowing energy (solar radiatiothe supply of dry| transpiration
air, wind). It has a high range of values from zamto a maximum
value (potential evapotranspiration) at which u@B@8%6 of the incoming solar energy is
used in the evapotranspiration process. Plantserdiffreatly in their ability to

® Hutjes, R. W. A., Kabat, A., Running, S. W., Stesttorth, W. J. et al. 1998. "Biospheric Aspectshaf
Hydrological Cycle."Journal of Hydrology212 — 213: 1 — 21
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evaporate/transpire water. In the temperate zdree transpiration of evergreens is in
general lower than the transpiration of deciduaees Wetlands vegetation has the
highest capacity for transpiration. On a sunny lathe temperate zone with sufficient
water available, natural flora achieves transpratralues of several mm (several litres
per square meter per day), values above 5 mm lmgingidered high. Some plants, so
long as they have sufficient water available, dole o evaporate in the course of a sunny
day more than 20 litres of water per square méteOn developed land,
evapotranspiration on sunny days is mostly limibgda shortage of water, so that the
values of actual transpiration are markedly lowent those of potential transpiration.
From this it is obvious that insufficient water @lBmits the primary production and
circulation of carbon.

Transpiring plants, especially trees, are thus thefect air-

. . . . The tree as an
conditioning system of the Earth. Let's imagina@é¢, independently air-conditioning
standing tree with a crown of about 10 meters wditer. On the| it
crown of this tree, which has a surface area of80there falls each
day about 450 kWh of solar energy (4-6 kWH/nPart of the sola
energy is reflected, part is absorbed by the sull part is converted into heat. If such a
tree is well stocked with water, it evaporatesn$mres) some 400 litres of water each
day. For the transformation of water from a liqgi@te into water vapor, 280 kWh is
consumed. This amount of energy thus representdiffieeence between the shadow of a
tree and the shadow of a parasol with the sameead@amin the course of a sunny day,
then, such a tree cools with a power equal to 26A80 power comparable to that of
more than 10 air-conditioning units. The tree ishat same time “fuelled" only by solar
energy, is made of recyclable materials, requiresramal amount of maintenance and
emits water vapor that is regulated by millionstifimata which respond to the heat and
humidity of the surroundings. The main thing istttiee solar energy bound up in water
vapor is carried away and is released upon its esation in cool locations. It thus
balances temperature in time and space, unlikdrigaetor or air-conditioner, which
release heat into its nearby surroundings. A tneéke a refrigerator or air-conditioner,
is also completely noiseless, absorbs noise ancdatidsbinds CQ

The cooling effect of plants caused by transpiratis apparent in Evaporation
figures 7, 8 and 9The pictures in the infrared spectrum show that | more
leaves of the plants are, thanks to transpiratisibly cooler than the| effective than
surrounding soi(Fig. 7). The cooling effect of vegetation is also evidg_albedc

from the infrared photographs of the square anll paf ebo (Fig. 8). The temperature
of the roofs and facades of homes exceeds 30°Qeatehe temperature of the trees in
the park is around 17°C. Vegetation actively cabiough the evaporation of water.
Vegetation, particularly forests, has a darker caled thus a lower reflectance (albedo)
than most other surfaces (clay, sand, etc.). Tifierence in reflectance is sometimes

Yku erova, A., Pokorny, J., Radoux, M., icova, M., Cadelli, D., DuSek, J. (2001). "Evaposgiration
of small-scale constructed wetlands planted wighdous species." In: Vymazal, J. (edpansformations
of Nutrients in Natural and Constructed WetlanBackhuys Publishers, Leiden, The Netherland$13.—
427
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interpreted as meaning that forests warm the EBasthfaceFrom figure § it is obvious
that plants, independently of reflectance, coobulgh transpirationFigure 8 again
shows that the effect of reflectance is much lowecomparison with the effects of
transpiration.

A useful tool for judging the state of vegetatiardats function during[ 1. influence
the distribution of solar energy over large aremsta take satellite| of water on
photographsFigure 9 shows photographs of the Mostecka (northq land

Czech Republic) and &bo sko (southern Czech Republic) regidfs| temperature
Mostecko has been greatly affected by strip miniragt areas of lanc
there having been drained of water. Conversely, @bo sko more than 10% of the land
is covered by ponds, and other wetlands have a@so preserved here. Temperatures are
represented by colors: The highest temperaturesta@n in red, orange and yellow,
whereas the lower temperatures are colored in gréle@ highest temperatures are in
places without vegetation, particularly in the stmines and dump areas in Mostecko.
The thermal amplitudes are evidently higher in Mokb, in comparison with €bo sko,
where the temperature differences are balancethaoks to its higher humidity.

3.3 The impact of drainage and the removal of veget  ation on the
release of heat

Large-scale draining and removing of vegetationasnected with the Changes in
release of a colossal amount of heat and with dh@adtion of so-called| the flows of
"hot plates” on land. Sensible heat released fush 30 kni of drained | colossal
land (a small town) for a sunny day is comparahilé the installation | amounts of
power of all the power plants in the Slovak Repuifi,000 MW). A fall | €n€rgy

in evaporation by 1 mm per day over the total avéahe Slovak
Republic (49,000 kA) leads to release of sensible heat of around 85®&h for one
sunny day. This is an amount of heat larger thanatimual power production of all the
power plants in the Slovak Republic. The effechafan activities on the land is still not
fully appreciated. Drainage of developed land isoatpanied by a drop in functional
vegetation. Under the influence of the negative aotpof drainage and the loss of
permanently functional vegetation on the rainfabime and on the distribution of
temperature$’ we have gradually become victims of degradation éesertification of
vast areas of once fertile land.

In recent years the problem of global warming hexsoime a major topid Neglecting of
of discussion. The direct reason for climate chamgeat present|  terin
considered to be mankind's production of greenhgases (CQ CH; | models
N2O, hydrofluorocarbons). Ever more sophisticated eedhow the

'8 From the Landsat Thematic Mapper and Enhanced @tieMapper+ satellite

19 Ripl W., "Management of Water Cycle and Energy FfowEcosystem Control — The Energy-
Transport-Reaction (ETR) ModeEcological Modelling78, 1995, pgs. 61 — 76; Ripl W., "Water: the
Bloodstream of the Biosphere". Philos Trans R Saed B Biol Sci. 358(1440), 2003, pgs. 1921 - 34
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impact of the growth of concentrations of greenleogases. In view of the fact that the
circulation of water is very dynamic and complexater as an important greenhouse gas
has been greatly neglected in these models, howdaer is considered to be a stable
component of the atmosphere. Reasons for changbe water regime of a country are
difficult to show unequivocally, because they inveh complex of innumerable mutually
connected processes.

One measure of the impact of increased concentsaid greenhousq Drainage
gases is the so-called radiation effect, which esggs a change in th \orse than
balance between radiation entering into the systdnthe Earth's| greenhouse
atmosphere and radiation flowing out of this systé&wocording to the| gases
International Panel for Climate Change, global stdalization (the
effects of human activity) has caused, in comparisoth the pre-industrial period,
warming with radiation effects equal to 1.6\WnThis means that on average about
1.6Wnt more energy falls per square meter of the Earthiface than in about 1758In
comparison with this value, the impact of a coustwater management on its climatic
conditions is (at least on local level) apprecidhlger.

The development of our climate in the future ishag@s difficult to v :

.. . . .. egetatlon
envision, even though scientists are constantlycudising these to, empering
guestions. It has become even more difficult t@dast the long-tern| climatic
trends in the weather in recent times; we meet wetlireme | changes
precipitation, extreme temperatures, and prolorEtbds of drought.
One condition for the alleviating of climatic changs the renewal of those basic
ecological functions which are closely connectethue return of water and vegetation
to the land. The functions we particularly havemind are the soft dissipation of solar
energy through the circulation of water, the abBonpof carbon dioxide and the keeping
of nutrients and substances on land. The retunregétation and water to land can only
have a positive effect. With sensible managememnwaitr and vegetation we can curb
climatic change on the local level; if we can attthe same way across larger areas,
perhaps we can expect a tempering of global clirladege.

2 pcc, 2007
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Fig. 3a, bValues of solar radiation on a clear day and on a@udy day
(recorded on 18 July 2006 and 3 August 2006, ab® , Czech Republic)
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Fig. 4 The distribution of solar energy on drained land aml on a landscape saturated
with water

Fig. 5 The distribution of solar energy on vegetation

Rg — global radiation, Rn — net radiation, a — dtb&eflected radiation), H — sensible
heat, L x E — latent heat x evapotranspirationgevation from soil and vegetation), s —
flow of heat to the soil, B — accumulation of heathe biomass, P — consumption of

energy for photosynthesis
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Fig. 6 An example of the daily energy balance of CO2 and 20 fluxes per 1m2 of
vegetation stand:A: For the creation of 10g of dry matter, 48Wh (&F0are consumed
for the fixing of 14g C®@(0.32 mol). B: Evapotranspiration (3 I) requires RWh (7.5

MJ).

Fig. 7 Photographs of thin vegetation in the infrared spettum and in the visible
spectrum. The bare surface of the ground is visibly warthan the surface of the leaves
cooled by transpiration. (€bo , Czech Republic, 12 July 2002, 10:00 hrs).
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Fig. 8 Photograph of the square and adjacent park in Tebo , Czech Republic,

taken with a thermal camera
The differences in temperatures between the vegetdacades and roofs of the houses

is visible.

Fig. 9 Comparison of the distribution of sensible heat irtwo different types of land

(Mostecko and T ebo sko)
The pond-covered €bo sko with wetlands shows a lower regional tempeeatur

difference (right) than the drier land of Mostedkastrip coal mining area), which has
insufficient vegetation (left).
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4 THE IMPACT OF THE EXPLOITATION OF LAND ON
THE CIRCULATION OF WATER

The Slavonic countries stretch from the Meditereané&ea through to the Northern
Seas... The Slavs build most of their own castlesmeadows rich in water and
bushes...they reside in the most fertile land$y mcdifferent means of subsistence. They
till the soil very intensively to provide themsslwath enough food... Famines caused by
long-term drought don't exist in [their] lands. Qhe contrary. Famine can break out
when it rains too much... If it rains only a littlhey do not have poor results, because
these lands are damp...

Ibrahim Ibn Jacqub at-Turtuskbout the Western Slavsjddle of the 10th centuri

During the whole of its history, humanity has rgstdh natural land into civilized land.
The land thus obtains a cultural memory of indiadwivilizations, nations and
generations. This memory is expressed distinctivelyhe attitude of people towards
water. No civilization has ever trivialized the sificance nor the need for water. Few,
however, have known how to adequately assess tiseqaences of their own behaviour
and create a method for reshaping the land in dodeonserve water in the environment
and ensure its long-term abundance. From the pamgpeof shaping a land through
human activity and attitude towards water, we wibw consider forested land,
agricultural and urban lands, as well as the bodfiegater in them.

4.1 Forests

Deforestation is not a new phenomenon in humanotyisand has| patorestation
probably been going on since the time mankind edausing fire. As| in prehistory
people began to live by hunting, fire could sersean aid for scaring uf
animals or for obtaining new living space or hugtgrounds. With the development of
pasturage and agriculture, deforestation servealvagay of obtaining new land for these
activities. With the development of the settled waylife, and even more, after the
replacement of the stone axe by the bronze one,dwwmecame a material with
multipurpose uses: for building, for the producti@inworking tools, weapons or boats
and last but not least, as an accessible fuel danibg, whether for heating, cooking or
for metalwork.

The negative consequences of deforestation indim 6f erosion and peforestation
flooding affected the oldest known civilizationshieh consumed g in antiquity

great deal of wood. The oldest works of classitafdture, such as th
Epic of Gilgameshand the Bible, as well as ancient authors sucHesdotus, Plato,
Pliny, Strabo and others, all reflect these proegs$oday it is difficult to believe that

%L Cited from the bookSlovakia through the Eyes of Foreigners, Sourcesistbry of Slovakia and
Slovaks Il Literary Information Center, Bratislava, 1999, gg2
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great areas of the Middle East were, in the 3rdurgrbefore Christ, covered by thick
cedar forests. They were, however, so devastatddEtinperor Hadrian at the beginning
of the 2nd century had to issue an order forbiddivar felling. Wood from them was
used largely in massive building projects and famstruction of Phoenician boats. Prior
to the development of agriculture, oak, beech, rcealad pine all grew in the
Mediterranean region. Now, though, only the cutienolive, which ranks among the
most drought-resistant trees because its rootgemrh up to 10 metres deep, remains.
Some contemporary authors ultimately consider @station, with its consequent
degradation of the environment and loss of progigtof the land, as the reason for the
fall of the Roman Empire. A similar situation tetbne in the Mediterranean and Middle
East also arose in Afghanistan and in Central ASiailization in the Indus Valley
collapsed after deforestation around the year BIOf

Europe to the north of the Roman Empire was alreattely covered Deforestation
with thick forest, a fact that aroused astonishmamd fear in the| ;g the
Romans. The impenetrably thick forests were inrtlegies home to| expansion of
dangerous wild animals, inscrutable barbarians gotdlins and were| civilization
full of swamps and other unknown dangers. To them&w’
imagination, the forests became the exact oppaditgvilized life in the town or the
peaceful peasant life in the fertile flood plairfsrivers. The expansion of civilization,
therefore, became identified with deforestation.isThdea, supported by economic
arguments, persisted even after the fall of the té&éesRoman Empire and was present
during the formation of Europe during the Middlees§®

According to preserved scraps of information, tleeSlavs, prior to the The
acceptance of Christianity, envisaged the world ggantic tree. On tof] apundance of
of this tree lived Perun, the god of thunder amghthing, as well ag forests from
weather. In many Slavic lands Perun was the higbfetste gods and hig the time of
worship was geographically the most widespread c#feonly speculatq the old Slavs
whether the saturation of the small water cyclecoaganied by
frequent local showers thanks to the gigantic tezarof water of the forested land, was
the result of the fact that Perun was placed onhigbest point in the Slavonic pagan
pantheon. In any case, Perun's opposite and mostiseantagonist was, according to
Slavonic mythology, the god Veles, who residedhia tinderground regions around the
roots of the world tree and was associated withewatarth and dampness. From
observation of the rising mist from the forest® tmage obviously emerged from our
ancestors that Perun and Veles stole one anothates (and the sun). At the time of the
arrival of Christian missionaries Saints Cyril aMethod to the territory of Great
Moravia in 9th Century, forest covered about thyearters of the territory of today's
Central Europe.

Deforestation, which was in Europe most intensivehe first half of the[™ 5 .

. . . . eforestation
last millennium and in the USA from the 17th to th@th centuries,| in the modern
age

22 3. PokornyThe Development of the Land Under the Influendéushans 2003
% Felipe Fernandez-Armest@jvilizations — Culture, Ambition and the Transfation of Nature Simon
& Schuster, ISBN 0-7432-0248-1, 2002

35



reached its peak in many developed countries ir2flle century. The overall global rate
of deforestation of continents is at present, atiogrto data from the FAO, more than
120,000 km per year. The total extent of deforestation of ¢batinents is significantly
higher than the natural growth of new and nativests (with the exception of Europe
and the USA, where this trend has been stoppeddwaring in the quality of forest
vegetation is, for many reasons, also occurringd-@bwth/primeval forests, which
likewise face deforestation and the primacy of ecoic interests, have a special role in
the world’s ecosystem. Deforestation of land arel [dwering of the quality of forest
vegetation is accompanied by an increase in thedspé the runoff of rainwater and
water from melting snow in the given areas, as wasllthe rapid erosion of soil. The
microclimatic conditions of areas are also changfribhese phenomena, which have led
to the decline or extinction of numerous great ligations in the past, are as a
consequence of the expanding technical possisilittd humanity today present
throughout the entire world.

Plato, in his unfinished wor€ritias, wrote about a war between the residents of Atant

and Athens-led inhabitants of the continent whiad Bupposedly taken place 9000 years
prior to Plato's discussion. Alongside the idealigescription of fabled Atlantis there |is
in the work such a rudely and realistically captupgocess of water erosion following
the devastation of the forests around Athens that @an't help getting the impression
that Plato wrote about something he was seeinghistiown eyes:

"...The land was the best in the world... in those dagscountry was fair as now and
yielded far more abundant produce... Many great deduigave taken place during the
9000 years...and during all this time and throughnsany changes, there has never been
any considerable accumulation of the soil coming/idrom the mountains, as in other
places, but the earth has fallen away all round andk out of sight. What happened is
like a body growing thin to the bone as a conseqgeef an illness. All the richer and
softer parts of the soil have fallen away, and ¢hemains the mere skeleton of the Ia‘nd.

But in the primitive state of the country, its mtaims were high hills covered with sail,

and the plains, as were full of rich earth. Ther@svabundance of wood in the mountains.
Of this the last traces still remain. Although soofethe mountains now only afford
sustenance to bees, not so very long ago there sidiréo be seen roofs of timber cut
from trees growing there, which were of a sizeigefit to cover the largest houses; and
there were many other high trees, cultivated by @swath bearing abundance of food for
cattle. Moreover, the land reaped the benefit efdhnual rainfall, not as now losing the
water which flows off the bare earth into the deat, having an abundant supply in all
places, and receiving it into herself and treasgrib up in the close clay soall, it let off
into the hollows the streams which it absorbed fithen heights, providing everywhere
abundant fountains and rivers, of which there midl/lse observed sacred memorials|in
places where fountains once existed; and this grtive truth of what | am saying...”

4 See, for exampléneas Salati, Carlos A. Nobre, Possible climatipdnts of tropical deforestation,
Climatic Change, Volume 19, Numbers 1 — 2 / Septamin9l
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4.2 Agricultural land

One of the most important revolutions in humandmiswas the changq yeolithic
from the hunter-gatherer way of life to a life ofrulture and| revolution
pasturage. The impetus for this changeover wasrlglem global
warming of the climate after the end of the Ice Agke can observe that, approximately
10,000 years ago in the Middle East (the regiothefso-called "Fertile Crescent", that
is, the lands from the mouth of the Euphrates thinoilne valley of the Jordan up to the
mouth of the Nile), China and sooner or later ineotparts of the world, a more or less
spontaneous move towards the cultivation of agtcal crops and the rearing of
domestic animals took place. Alluvial agriculturethe valleys of great rivers gradually
put a seal on the first great centers of civiliafiovhich were usually distinguished by a
high level of organization, a network of irrigaticand drainage canals, large-scale
agricultural production maximizing the utilizatiarf the soil and cultivation of a small
number of crops which were not natural to the gilaerd, i.e. crops which without the
help of humans would not thri&. This Neolithic revolution, which from the viewpaoin
of the whole of human existence took place not enyYong ago, gradually created
through the ensuring of a food base the conditionsa whole range of civilizational
changes such as greater population density, thdlesting of larger population centers,
a division of labor, trade, the development of kiexlge and so on.

Some edible seeds of grasses proved to be excalpyicuitable for [~ . oion of
agricultural cultivation. Besides advantages sustrapid growth and| cereal grains
simple cultivation, they above all provided valwalslources of energ
and could be stored easily. They became the baswuftivation of grains which were to

become the most widespread crop for human nutritoEurope, but also in many other
parts of the world in the temperate climate zohe, cultivation of wheat and barley,

which we can assume were the first such domesticatgps, has dominated since the
times of the Neolithic revolution. These have mdi the traits of the annual steppe
grasses from which they were cultivated and theeefequire steppe-like conditions to
grow. The soil for their cultivation therefore hashe drained of water.

For their cultivation of grains, people drainediegitural land and overf ..
huge areas created a cultured steppe. With thegehiarthe character 0| change
the land, the climate also chand&and where land had been drained
water, it became necessary to irrigate it agairdajjove don’'t know the reasons for the
drying of the climate over great regions and whacburred many times over in the first
half of the Holocene period. We cannot even exaddtermine whether and possibly
what share ancient civilizations had in théhWe don't know whether the draining of

% Felipe Fernandez-Armest@jvilizations — Culture, Ambition and the Transfation of Nature pg.174

% virginia H. Dale, "The Relationship Between Ladde Change and Climate Change," Ecological
Applications, 1996, pgs. 753 — 769

27 J.A. Dearing, "Climate-Human-Environment Interans: Resolving Our Past," Cim. Past, 187 — 203,
2006
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land was the primary reason for the extinctionahe of these civilizations. We should,
however, keep this possibility in mind, becausepdesall the differences, we are
probably arriving at a similar process of the dehtidg of land, a process which has
results that we cannot kndi.

The intensive cultivation of barley and wheat exgethfrom the Fertile| 5o of the
Crescent to a wider world. Possibly the final dctheir cultivation was| Sumerians
written by the "discoverers of agriculture,” i.betSumerians, who live
in southern Mesopotamia from the 4th to the earg Pillennia before Christ. The
exceptionally successful nation of the Sumeriatsnisively cultivated, over great areas
of land, monocultures of the mentioned crops alaith other produce. Using a system
of canals, they brought water from the EuphratesTgris rivers, and using a system of
drainage canals, carried it away. The soil, desdaf natural vegetation and subjected to
an annual cycle of irrigation and drainage, becaaley and stopped producing yields.
The power of the Sumerians waned, their numbersedsed, the country became a
desert and they were overcome by enemies and tdliynassimilated. Other great
civilizations founded on alluvial agriculture undemt a similar fate to that of the
Sumerians of Mesopotamia. In many of them we cdness over a period of two to four
thousand years a further decrease in levels ofalhend subsequently the civilization’s
extinction or transformation.

The Middle Ages contributed to the development gfiaulture, for
example by introducing the yoke, which allowed deeper plowing and
a change from dual crop rotation to triple cropation. Another
revolutionary change brought in a new age of agiticer a boom in
natural and artificial fertilizers, pesticides, sjadly bred plants which
achieve much higher yields, as well as a growtme€hanization which allowed for the
tilling of much larger areas than in the past. Breen revolution in the middle of the
20th century spread the technology used in the \Al@stss almost the entire world and
helped feed the rapidly growing number of peopletlum Earth. The Red revolution in
socialist countries collectivized the small fieldssmall peasant farmers, plowed over
boundaries and united plots of land into units cfres, even hundreds of hectares.
Gigantic fields with no natural barriers, field zsnor protected bands of vegetation
limiting surface runoff from the land, were presshias great leaps forwa(gig. 10)
With the goal of maximizing the hectare yields aftivated monocultures or disposable
tracts, extensive drainage using gravitation systempumping stations was carried out.
Additional irrigation of these fields is no substé for the need to conserve rainwater on
the land, although it partially contributes to tieéurn of the water drained from the land.

Further
revolutions in
agriculture

Thus, alongside the changes in microclimatic comwit (Fig. 11) on | grosion,
such agricultural land, the speed of the surfaceffuf rainwater also| degradation
increased, as did the water-caused erosion assdciatth the | and the

destruction and displacement of sdifab. 4) which led to the| carming
away of soil

8 See, for example, Deepak K. Ray et al., "Influesteand Use on the Regional Climate of Southwest
Australia," 13th Symposium on Global Change andn@te Variations and 16th Conference on Hydrology,
2002 _pttp://ams.confex.com/ams/pdfpapers/29880.pdf)
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degradation of the quality and even the devastatiothe land and the emergence of
desolate ground. Of the mentioned processes, th& s®rious phenomenon is the
displacement (loss) of soil. It seems, howevet, i@ displacement of soil in our country
is among the least monitored of phenomena andpi@mlogists lag behind in research
just as hydrologists lag behind in the monitorifghe decrease in water on the land.
And thus, there is no one to cause any commotidmlé/ihe creation of soil is tallied up

in the hundredth or even thousandths of millime&esually, erosion runs rampant at a
rate many times greater.

In Slovakia the real loss of soil through waterséwa runs on average if g . crosion
the forested vegetation of the middle to upper n@arregions at aboul i, siovakia
0.01-0.03 mml/year, in permanent grasslands at dréld6 mm/year, in
cereal fields at 1.8 mm/year, on bare ground alibgetree line at 3.4

mm/year and in root crop fields up to 3.6 mm/y&aFhis means that in many regions of

Slovakia we lose precious agricultural soil whiasHbeen formed over centuries or even
millennia. In view of the fact that soil is so sligvereated, it can be considered as a non-
renewable resource. It can thus be said that wkvarg off our very foundations.

The urgency of measures needed to combat wateedaasosion Potential loss
become still more urgent with the view of potenijpbssible) water-| 4 i
caused erosion of the soil. This involves erosidmnctv would occur
naturally on the surface of the soil if it were mbtected by vegetation even without
anti-erosion measures. The average intensity oh fuussible erosion represents in
Slovakia 2.3 mm each year (23 m3 of soil per heciaer year). Water erosion of
moderately, strongly and extremely threatened aljual soil in Slovakia represents
55.6% of all agricultural land in the national lafuhd. Moderately, strongly or very
strongly to catastrophically threatened forested leomprises up to 97.1% of all forested
land in the fund Tab. 5.%° From the comparison of data about real and patewter-
caused erosion in forests, it becomes imperativaamtain forestation to the extent that
conditions allow. A further conclusion should beetineed for urgent forestation,
particularly of desolate lands, which would alloov the fulfilling of the anti-erosion and
hydric functions of the forest on them.

29 Rudolf MIDRIAK, "From Threats of Erosion to the Ba@ation of the Soil in SlovakiaThird Soil
Science Days in the SR, VUPOP Bratislava, 200498.— 200
30 ;i

ibid.
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Tab. 4Actual water-caused erosion of agricultural soft*

Level of erosion Linkes, et al. (1997) Environment Ministry SR (2002)
(thous. ha) (% PPF)

Low erosion 1198 47

Moderate erosion 514 22

High erosion 49 2

Extremely high erosion 24 1

Total 1 785 thous. ha 72% PPF

(73.1 % PPF)

Tab. 5Erosion threatening soil according to the type ofland in Slovakia under the
influence of surface runoff of water (potential waer erosion)*

Threat of Intensity of potential Agricultural land Forested land Total
erosion erosion (bearing
(degree) away) of soil

(mm per year) (thous. ha) (%) (thous. (%) (thou | (%)

ha) s. ha)

1. minute up to 0.05 107 34 3 0.0 110 2.2
2. weak 0.06 — 0.50 1296 41.7 117 6.6 1413| 28.9
3. moderate 0.51-1.50 823 26.5 333 18.7| 1156| 23.6
4. strong 1.51-5.00 783 2521 1075 60.3| 1858 38.0
5. very strong 5.01-15.00 100 3.2 255 14.4 355 7.3
6. catastrophic over 15.00 1 0.0 1 0.0 2 0.0
Average / total 2.30 3110 635 1784 36.p 4 894 0.4.(

"More things have changed in the memories of tdesb living people in our country
today than in the previous one thousand years.untine, in the past 75 years, it |is

businesses that purport to improve our lives whach responsible for these changes.

They are draining the soil and in so doing, damaggis chemical solutions. The fact th

fens, old branches of rivers, swamps and high glaceuplands are all being drained |of

at

water is contibuting to a change in our climatethnv@ greater contrast between severe

winters and summers with fewer clouds and isolggedods of drought and flooding.
The fact that these improvements allow the peasantdough up any pasturage and

drained bottomland, means that layers of topsa@ being uncovered and washed away,

with no new topsoil being created in its place.” )
Vladimir Ulehla® 1947

31 Rudolf MIDRIAK, "From Threats of Erosion to the Bxgation of the Soil in Slovakia."
ibid.
% Cited from the publication Michal Ecological Stability Veronica, Brno, 1994, s. 200
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4.3 Bodies of water

As was mentioned in the previous chapter, the gstahuman| pygraulic

civilizations which led humanity out of the Stonege\into antiquity | civilizations
originated along the Nile, the Euphrates and Tjgtie Indus, the
Yellow Rivers and others. These civilizations aremstimes called "hydraulic

civilizations,”®* because their alluvial agriculture depended onewaurses and

extensive networks of canals, which besides thectioim of transportation, had the
particular task of bringing and taking away waterinlg regular annual floods. Surface
water was a key for irrigation, coming once eachryand taking the place of missing
rainwater.

These civilizations were thus, from a climatic-agtiural point of view,
completely different from that of our ancestorseaftheir arrival in | Initially other
Central Europe, where, thanks to a high degreemfstation, rain fell Eond't'ons
frequently. The ability of the land to retain watgas furthermore s ere

high, that according to testimony of the Spanistdér Ibrahim Ibn Jacqub at-Turtushi
from the middle of the 10th century, even in thoases;'if it rains only a little, they do
not have poor results, because these lands are ddfmp a view of the countryside in
our area, we can, to a certain extent, form an enagm period landscape paintings
hanging in galleries. Landscapes from the 19thwgrghow a wealth of surface water in
unregulated rivers gushing out into wide riverbettgir lush plant life suggesting a
living communication with the groundwater. If Rontiaism was to come back into
fashion today, it would struggle to find similaesery to depict.

In the time of expansion of agricultural developmesettlements an

. . . . Pressure for
industrial sites moved nearer to watercoursesctawaich led to a fear| o altering of
of flooding. Along with this came the need for agtture to expand| watercourses
cultivated areas. During the development of trarspion it was
necessary to crisscross flows of water. The neags¢éowater currents more intensively
for transportation purposes also arose, hence ¢led to start making alterations and
regulations of rivergFig. 12) The alteration of water flows usually entailedséning
their total length (many naturally blindly meandesginforcing the banks and the bottoms
of watercourses and raising levees alongside thdemy adjacent fens and swamps
which were connected with river ecosystems were @ilained. Many bottomlands which
had once served for the meandering of watercounsts the spillage of water outside of
riverbeds during increased periods of rainfall weodt over, and the original body of
water was now given a precisely determined plactaass-section profile. We should
add to this that often the problem of flood pratmtthas been misunderstood, the mere
raising of banks or protective levees and the deegeor enlarging of the watercourse’s
cross-section profile for better drainage of flagaves in a given community not always
being the solutions they seem. This is becausediferming of such alterations without
judging the context of the entire river basin aeditory only raises the risk of floods in
communities and towns which are located further risiveam.

3 According to the book by Karl A. Wittfogel@riental Despotisn{1957).
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The primary negative effect of the mentioned madiiions was the Acceleration
acceleration of the runoff of water from the lamatiahe lowering of the| of runoff of
land's ability to retain water. The mentioned "lthational” alterations| water from
of watercourses contributed to a gradual decreatigeiamount of watey land

in the water cycle and disproportionately decreasedrelative hea
start our country had in comparison with othersjcWwhwere not blessed with such
favourable climatic conditions and an abundancevater. In the end, large waterworks
like dams, which in the recent past were built loe utilization of water energy, the
transformation of flood waves or the creation afemees of drinking water, are according
to research paradoxically less effective from ti@wpoint of conserving water on land
than a large number of smaller reservoirs withséie total volumé

4.4 Towns

As we have already mentioned, one of the most itapbrevolutions in[ . rban
human history was the Neolithic agricultural revmn. In both | revolution
significance and time this is followed by the urbaavolution. The
emergence of towns and city states is one of thestones in the transition from
prehistoric to historic times for humanity. We knai towns like the biblical Jericho
(and some others) whose existence goes right lmapketistoric times. However, cities
with all the attributes that differentiate themrfranere settlements, not only in their
number of citizens but also in the organizationliftef (for example, keeping written
records about its administration), date, accorgingurrent knowledge, from the times of
the Sumerians in the period from 3100 to 2900 Bwer Mesopotamia. Almost at the
same time, towns began to emerge in Egypt andervéiiey of the River Indus. Many
authors give the need for a high level of orgameratarising from the challenge of
implementing alluvial agriculture as one of thes@as for the emergence of cities in the
so-called "cradles of civilization." The detailedasons for the emergence of ancient
cities, their attributes and the cause of theimetibn are not subjects for this publication
to address, however.

Cities enormously speeded up the development dizeition—both for
good and for bad. At this time let us briefly foomsr attention on an
exceptional achievement which emerged during thest fiurban
revolution and which was destined later to maketarn: the sewerag
system. The ancient towns of Harappa, Mohenjo-dabRakhigarhi in the Indus valley
(present day Pakistan) are the first known citreshie world to build a city sewerage
system, and they did so 2600 years before Christ. Sewerage system was covered,
walled, bordered the streets and was connectedivat@ homes and public buildings,
and last but not least, to baths and flushing t®il@he overwhelming majority of
countries in the world had to wait until the secamdan revolution, practically until our
own times, for their own systems.

The
achievement
of sewerage

% Brad LancasteRainwater Harvesting for Drylands, Vol, Rainsource Press, Tucson, Arizona, ISBN 0-
9772464-0-X, 2006
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History sometimes repeats itself, but accordingHe&raclitus we can

. . . . . | The second
never step into the same river twice. The secofrurevolution is| |-
associated with an industrial revolution. The staftthe industrial| revolutior
revolution, the end of slavery and serfdom as wa&llhe development o
a market environment, allowed the free movemeipeoiple and enabled a more dynamic
movement of the workforce. This period of growtld @tonomic prosperity was also the
beginning of new global growth in the world popidat which since the year 1800 has
grown six-fold to today's population of more thahilion people. It was also a period of
migration from villages to towns, of an increasethie share of people living in cities
versus villages, as well as a shift in the mentalitd values of people from the village to
the city—sometimes for good and sometimes for B&is process, which lasted a long
time in Western Europe and in North America, iseesglly visible in the second half of
the 19th century. In Slovakia, the process of udzion with all its attendant attributes
began about 100 years later and occurred moresintdy, de facto within the life of one
generation. The percentage of urban dwellers betwkE#60 and 1990 in Slovakia
increased from 30% to 56% (where it approximatepains today), but did not reach the
same levels as in Western Europe.

The details of the second, or even the third umeawolution, associate Impermeable
with urban decentralization and with the emergeot@ost-industrial | ¢ taces and
society, are not the subject of this publicationt iwe want to again the sluicing
focus on sewerage. Our modern cities, and incrgsour villages, too,| away of water
unlike the cities of the old Sumerians, have tb&n sewerage systems
(Fig. 13) Furthermore, unlike the old cities from the Induaslley, other cities of
antiquity, the Middle Ages and the larger part addarn times, our modern cities and
more and more villages, are paved and their susface reinforced with impermeable
materials®® The development of technology allowed for the irti@n of ingenious and
powerful building machines and mechanisms whichevadsle to shape the surface of the
land for the construction of buildings, roads amldeo requirements of modern life more
quickly than at any time in the past. The mass afseement and asphalt began to
predominate in the building of cities and the tfamation of rural environments into
urban onegFig. 14, 15) The shortage of space and the need for comfagechrainfall
over cities or urban spaces to be perceived ascad{iburden. So, rainwater began to be
perceived more as wastewater, which is carried dwagublic sewerage, in most cases
along with sewage water.

So now nearly all rainwater from the cities of Epeas carried to rivery .

and eventually to the seas from paved and roofedsaby rainwaten \golumes of
sewers. According to estimates, more than 20 hillid of rainwater are| water sluiced
sluiced away each year from the European contir@mer the past 50 away
years, then, more than 1000 billiof-rthat is, 1000 kri—of rainwater,
which in the past saturated the ecosystem andfsl@t out the stocks of groundwater,

% Sid Perkins, "Paved Paradise? Impervious Surfaffest a Region's Hydrology, Ecosystems — Even its
Climate,"Science Newsveek of Sept. 4, 2004; Vol. 166, No. 10, p. 152
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replenished springs and through its evaporationst@eed the climate, has been sluiced
away from the European continent. Last but nottJehs rapid runoff from paved urban

environments with sewerage systems contributes@¢ohtgher occurrences of flooding

threatening populations downstream. The most seriact, however, is that, for a long

time, we have been draining the environment in wvie live. We are causing a long-

term drop in groundwater supplies beneath our paneldroofed surfaces; we are causing
a growth in temperatures in city structures, a fiallatmospheric humidity, a start of

civilizational diseases typical for urban enviromtseand a worsening of the quality of

our environment as a whole.

Added to the multiple effects of cities, it is als®ecessary to consider tl
drawing of water from the ground for the purposkdrimking and other The

. . - . . dissipation of
functions, all of which have a great cumulativeeetf This drawing of| \vater in
water goes on without ensuring the adequate retiwmrater gained from| towns
territory back into the land. The water insteadsront into the sea after
use. Cities which profligately and expensively ratlions of cubic metres of rainwater
flow into their sewerage systems will later facersaming shortages of drinking and
utility water, shortages which in many cases wdtbme chronic. Insufficient drinking
water is thus not only a problem of poor but alsprosperous cities. Obviously, cities in
developing countries have their own particulariti€ee poorer parts of cities in many
developing countries are permanently dependentaydvior uses such as fuel and thus
the forests in their surroundings are systematicalt down.

Drainage and deforestation lead to the fact thanh$p while growing, Change of
change the microclimatic conditions of the origitedritory. They are| climatic
becoming urban hot islands over which a hot climatmbrella is| conditions
growing Fig. 16). These "islands" are slowly but surely changing
flow of clouds and the movement of winds over theiritory and in their surroundings.
Particularly in the summer, they push precipitatiothe cooler mountain regions, which
consequently increases the risk of extreme toakmndins in the mountain regions and
floods which threaten mountain valleys as well aspypations in the lowlands
downstream on rivers. And here we have a much rdoext and logical cause for
climate changes and the rising extremes of wedthmn the impact of a 30 percent
growth in the fractional content of G@ the air over the past 150 years.

More than half of the Earth’s inhabitants live tgda cities, a share of . ;q,

the population which will continue to grow signdiatly. Cities have| management
become a kind of new-age factory of economic progpehich slowly | is

and gradually absorb their surroundifigsThus mankind, through unsustainable
developing land for agriculture and other humanvdigs, has now
"claimed for itself* more than 40% of the area dff @ntinents. It's necessary to
emphasize that a solution for the problems mentiome this text exists and that
population growth in itself is not in conflict withermanently sustainable development.
Instead, what is in conflict with permanently susdble development is the present
method of managing water on land.

37 Urban Sprawl in Europe - The Ignored Challeng8N®2-9167-887-2, EEA Report No. 10/2006
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Fig. 10 Agricultural land beneath the Tatra Mountains
Giant fields that originated during communist eiighwhe collectivizing of tracts of land.
Due to the absence of barriers, rapid surface furanfses water erosion of the soill.

Fig. 11 The daily course of temperatures on the surface afoil on a drained and
mowed meadow and on a natural bottomland meadow
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Fig. 12 Alteration of the Latorica River in the 1960s
This was a component of the program of drainaghegastern Slovakia lowlandfs.

Fig. 13 The sluicing away rainwater
The original aim of owners was to achieve "drynasd warmth". The fulfilling of this

goal is beginning to get out of control.

¥ Slovakia — Encyclopaedi®ublished by Veda, 1972
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Fig. 14 Gigantic areas covered with impermeable materials
On sunny days they become "hot islands” which foans most solar energy into
sensible heat.

Fig. 15An asphalt road and a perfectly paved canal in a ty environment
Some solutions don't allow even the smallest amoiwater to infiltrate the soil.
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Fig. 16 The hot climatic umbrella of an urban space
Temperature depends on the relation between a bpilerea and area covered by
vegetation.
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5 THE CONSEQUENCES OF A DECREASE IN THE
WATER OF THE SMALL WATER CYCLE

There is nothing in the world more soft and weativater, and yet for attacking things
that are firm and strong there is nothing that ¢ake precedence over it. Everyone in the
world knows that the soft overcomes the hard aedibak the strong,but no one is able
to carry it out in practice...

Lao-tzu, The Tao-te Ching, LXXVIII

The acceleration of the runoff of rainwater frorteaitory, the decrease in the infiltration
of water into the soil and a shortage of vegetasibrtause a warming to the surface of
the land and a gradual change in the microclimetieditions of the territory involved.
This section is dedicated to the mechanism throudghch growing temperature
differences cause extreme weather events eveneas af land (almost) untouched by
human activity. Along with the melting of glaciecmused by global warming, the
acceleration of the runoff of water from an ared e draining of land also contribute to
the rising levels of the world's oceans. At the endhe chapter, we take note of the
growth of global tension resulting from the defrag of water in the small water cycle
and the inability of popular theories to providésfactory explanations and solutions.

5.1 The impact of the decrease in the water of the  small water
cycle on the growth of climate extremes

In the previous sections we spoke about how thestoaming of a natural landscape into
a developed one speeds up the runoff of rainweter & territory. The The damaai

. ) . . . . ging
intensity of the sluicing of rainwater away fromethontinents varieg i ansformation
from place to place and is dependent on populatmmsity, the areg of land

and structure of the relevant agricultural and orlzend, but above al
on the sensitivity of its management. It's possiblsay that alterations to the land always
cause damage when the decrease in water needededetation, evaporation and
infiltration to the transformed territory is notken into consideration. This decrease in
water from the small water cycle is directly asatail with the rise in extreme weather
and with climate changes.

One particularity of the decrease in water is thewvever small it is, it is expressed
almost immediately in the saturation of the topsoth water, because if 1, spiral of
runs from the top parts of the soil profile, or fleeel of groundwater,| the drying out
down to the impermeable subsoil. Lowering the sdiom of topsoil | of land

with water lowers the ability of the land to evagierwater and increase
the share of solar energy which is immediately geaninto sensible heat. The more
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drained (and at the same time also hardened) thetls® more difficult it is for it to
absorb new rainwater upon further precipitationilevhuilt up areas automatically carry
away rainwater from a territory as fast as possibiained soil warms up and creates
thermal islands, which slightly shift precipitatiantivity away from their own area. Each
further turn in the water cycle affected by theasetdrs slightly decreases the volume of
water in the water cycle over the relevant ternyitgtig. 17) With long-term observation,
however, we can see a permanent and systematieasecm the water balance of the
observed territory (in the course of a centurys tt@ipresents several percent). Such an
incremental, but systematic reshaping of the Esadbrface has a global character. A
synergetic effect emerges and microprocesses grmamacroprocesses which lead to a
clearly discernible, vast and continuous deepemhgegional, continental and global
climatic changes.

Original natural regions, or cooler and damperargiand territories] \ .. ral
today represent a more stable part of the envirohmiethe continents.| regions also
Despite this fact, even they cannot avoid changgwecipitation totals| affected
and extreme displays of weather. How is this pds8ikVarmer air over
hot and dry urban and agricultural expanses (als @ompletely dry territories such as
semideserts and deserts) pushes precipitationitegiinto cooler environments formed
by woods and bodies of water, or to places of higiteude(Fig. 18) The interaction of
so-called dried "hot plates" (agricultural-urbamda with cooler and damper (for
example, mountain) regions causes an unprecedeatexntration of cloud cover over
the latter regiond’ Water from the clouds thus falls in great measamethe cooler
(mountain) regiongFig. 19), where it initiates tragic flood waves. Floodsrlefect the
lower agricultural-urban regions despite the faet in these regions it only rains a little.

During the 20th century, total precipitation incsed in the mountaif .
regions of Slovakia, while in the lowland regions,fell (Fig. 20. | interaction of
Furthermore, the time period when the majorityahifalls has becomd warm land
shorter and the periods of low precipitation totatsve lengthenéd | and cool lan
(Fig. 22, 23. This effect of the interaction of warmer and leoderritories also functions
on a smaller scale, for example, in the interaatiba city and its surroundings, as well as
on a larger—even continental—scale: the level ofuah rainfall in northern Europe in
the 20th century, according to observations, irsgdaby 10-40% while in the
Mediterranean region it fell by 20%b.The occurrence of extreme heat waves and
intensive showers increased over most of the lasdnaand it is very likely that this trend
will continue.

% See, for example, Roger A. Pielke Sr., "Influentéhe Spatial Distribution of Vegetation and Saits
the Prediction of Cumulus Convective Rainfall,” Amaan Geophysical Union, Reviews of Geophysics,
39, 2/ May 2001, s. 151-177

% For analysis of these trends in Slovakia, 8éeKrav ik, Water for the Third MillenniunLet us Not
Harm Water, and It Will not Harm U&oSice, People and Water, NGO. ISBN 80-968031-30D0
“1»Climate Change 2007: The Physical Science BaSiammary for Policymakers," 10th Session
of Working Group | of the IPCC, Paris, February 200
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The growth of extreme weather is the most destragnanifestation of| &,qwth of
the climate changes currently taking place andmfhaontrasts with the| extreme
long-balanced original climate conditions in thgiom. Breakdowns in| weathe
weather are expressed through sudden changes ithereand often

through the violent character of these changesreBrd storms, torrential rains and
cyclones are occurring more often, temporal andiapdifferences in rainfall are
changing,*’ and periods of unbearable heat and severe droamghtgetting longer.
Regions which are the most drained are also thet midscted by extreme weather
events. Examples of flooding in the DanuB&y. 21) but also the Morava, Tisa and Prut
rivers confirm this fact. Paradoxically, the inade of more destructive and more
frequent flooding is preventing people from realgithat their country is undergoing a
process of desertification. This is a great mistaBeme of the ancient stories of
humanity, such as the Sumerian-Akkadigc of Gilgameslor the Old Testament of the
Bible, come from those countries of the Fertiles€ent which underwent desertification,
and reflect the theme of a deluged world. Thiseafbn must have had its basis in real
experience.

It is also paradoxical that soil partially satexhtwith water is capablé Dry soil helps
of better absorbing more water than dried out $bprecipitation falls | ,noff

on compacted and dried out soil, infiltration teger layers occurs onl
after a period of ten minutes or more. In the firshutes, however, the soil behaves like
an impermeable surface. During extreme rains, ttsegerapid runoff and concentration
of rainwater to river beds. This same rainfall, ethiwould be easily absorbed in land
healthily saturated with water, in a drained lamdrtges streams and creeks into fast-
flowing rivers, causing extreme flow rates and fdaatuations. This means that a surface
with no ability to evaporate water creates not dalorable conditions for the origin of
extreme weather, but also exacerbates the efféstsch weather.

Long-term drought initiates a spiral of desertifion, namely the[ .
transformation of land into semidesert or desenthW the context of| transformatio
this publication, deserts and semideserts can lerstood as fully| nof land into
dried-out parts of a continent with minimal or riccalation whatsoever| desert

of water in the small water cycle. Even conventiamgtural landscap
with vegetation and sufficient water can turn irgemidesert or desert through the
destruction, by human activity, of the small watgcle over the territory (this can, for
example, come about through the burden of too mutlan development, too much
intensive farming or the excessive raising of ea#thd consequent overgrazifig)This
fate possibly afflicted even the coastal regionfiaidreds of towns in northern Africa,
which was once the granary of the Roman Empires §hadual process of transforming
once natural landscape with vegetation and sufficikeater resources into completely

“2p. Fasko, J. Pecho, K. Mikulova, PaStny, “Instances of high daily, monthly and seasamounts of
atmospheric precipitaion in East Slovakia at the @inthe 20th century and the beginning of the 21st
century in the context of historical data." Coleticontributions from the international conference
Protection from Flooding. Podbanské, 2006, pgs.-15:8

“3Richard van Noorden , More plants make more attellite observations suggest vegetation encosrage
rainfall in Africa; www.nature.com, September 2508
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arid land can also be called the conversion ohd lato semidesert or, in extreme cases,
desert.

The consequences of extreme manifestations of eeatte frequent Conse

. . . . . guences
forest fires, floods, degradation and erosion of, dandslides and| ¢ extreme
various ecological and other catastropffeg. 24 and 2% threatening| manifestations
the life and health of people and causing vast emin damage. With| of weathe
the recurrence of these manifestations of weatberes a gradual and
permanent lowering of the competitiveness of thallavhich is evident in practical
terms by, for example, the fact that insurance comgs refuse to insure property in such
affected localities and the banking sector limai@ns and guarantees for projects on these
territories. Floods, drought, tornadoes and otlxéreene weather events are a syndrome
of land which has been exploited and inhabited loydn beings with today’s approach
to surface water and rainwater.

5.2 The impact of the decrease in the water of the small water
cycle on rising ocean levels

In the past, when the water cycle was still unknopgople posited the gpeeq of
question of how it was possible that the levelthefseas and oceans d| rising ocean
not rise when all the rivers in the world constarftbwed into them. | levels
Today, when the water cycle is known and hydrolaigineasurements
show that the levels of the seas and oceans amng,riss as if it hasn't occurred to anyone
that the reason for this phenomenon might alsalibe rivers that flow into therrig.
26). The rising levels of the oceans are attributethtomelting of icebergs because of
global warming. Individual information sources dige regarding the degree of the rise
of ocean levels during the 20th century, but thgontst suggest an amount of 10
centimetres or more, meaning an average of abouillinetre per year. At the start of
the 20th century, the speed of rising levels waaliprobability less than 1 mm per year;
at the end of the 20th century, however, it wasigantly more than 1 mm per year. At
present, the rate at which the seas are rising te @.4 mm per yedf.

The process of monitoring icebergs and glaciera lsgical one given

the fact they contain so much water, water conthinepermanent ice ivr\]/?ézgggrsed
and snow making up about 1.7% of the world’'s stocksvater and| ang glacier
nearly 70% of the world's stocks of fresh watere Elxtent of glaciation
throughout history has logically corresponded wé@mperatures on Earth, this fact also
being responsible for fluctuations in ocean levélse level of the world's ocean at the
peak of the last Ice Age, 20,000 years ago, wastalizb meters lower than it is today.
Most ice today can be found in Antarctica, accouqfor nearly 90% of the world's ice
that is stored on land in icebergs. The ice in @laaal accounts for about 10%. The

4 Source: NASA, http://sealevel.jpl.nasa.gov/gallergsentations/public-presentation/03-GP-science-
apps.ppt#19
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melting of all glaciers found in Antarctica and @&mnéand would, according to

calculations, cause the world's oceans to rise @80 meters, while the melting of

icebergs on all other lands would contribute oriypw@ half a meter to such a rise. The
melting of ice of non-terrestrial origin (for instze in the Arctic Ocean) which floats on
the ocean, on the contrary, does not increase eseds| The Archimedian principle

applies here: just as in the case of a free-flgatia cube in a cup full of liquid.

For the stability of glaciers the same thing is amant as for the| gaance of
stability of hydrological ratios within a countrg: stable water balancg icebergs
In the case of glaciers this involves a balanceveeh accumulation
particularly through the impact of falling snow,dareduction, particularly through the
influence of melting and sublimation. Unfortunatedymore complex glacial balance is
studied in (smaller) glaciers away from the moigcoessible territories of Greenland and
Antarctica. The majority of these actually recoadger or smaller decreases in volume.
As for Greenland and Antarctica, the images thelipubave of them are formed
especially under the influence of popular and eomati scenes promoted in the media
showing icesheets breaking off and shattering @asaround the oceans. Such footage is
usually made from the edges of ice-shelves whielmawst easily accessible to the media
and to expeditionary parties. Often, though, thesoa for ice-shelves breaking off is
interpreted incorrectly. The breaking off of icestse from the edges of continental
glaciers directly extending into the oceans and sea the cracking of non-terrestrial
icebergs are often mechanical in origin, e.g. vatmstant fluctuations in (rising) sea
levels caused by tidal ebb and flow contributinghis process.

Research conducted on glaciers in Antarctica areki@and, however Terrestrial
show that inland the thickness of the ice is, iotfgpermanently| giaciers
growing, because in the environment of permafrastspiles up and
never melts. Data about the balance of glacieréntarctica and in
Greenland are not unambiguous. In recent timeseliery Greenland looks to show a
decrease in total balance of fGdt is logical that the present trend of warmingtioents
will lead to a rapid decrease, for example, in iglecin the Alps, which are surrounded
by the "hot plates" of Europe’s industrial regiofacier water in this case becomes a
component of runoff and ends up in the seas, tbhasibuting (partially) to their rising
levels.

A further logical explanation of the rising levad§ the oceans, beside| prainage of
the increase of runoff from glaciers, is the inseea the runoff of waten land and the
from land of non-glacial origin and its subsequstioting in the oceans| rise of ocean
While the runoff from melting icebergs is almostnimously accepted evels

as an explanation for rising ocean levels, anyangtion that points to a
decrease in the amount of water on land is met grgat prejudice and intellectual
opposition. And yet a small, hardly noticeable @age of roughly 1% in the annual

5 See, for example, "Greenland's Ice Melt Grew by RBfcent, Satellites Show\ational Geographic
September 20, 2006, http://news.nationalgeogragnit/news/2006/09/060920-greenland-ice.html
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runoff to the oceans (in comparison the equilibrioatance) through rivers would, to the
detriment of groundwater, soil moistness and thewtr of vegetation, represent a
volume of water that over 100 years would increagevolume of the oceans by about
36,146 knd of water (ignoring the increased evaporation frmrean levels as a result of
rising temperatures, thermal expansion of water),ean increase which would account
for a rise in their levels of about 10 cm.

Levels may have increased by even more centimétensg the cultural Missing
history of humanity thanks to the water which nuower civilizations | \yater on land
lost from their own territory: water from the Euegm climax forest
logged over the past thousand years or water winiche time of the Roman Empire
irrigated cities and fields in a coastal strip afrithern Africa. If someone denies that this
water is in the oceans, then he should be ablaytoviere else it actually.i®ne thing is
certain: in the overwhelming majority of cases d@ingount of water on land "civilized" by
humanity is not the same as it once was. At the emdrwe don't know what share of
water involved in the rise in ocean levels is dadagl and non-glacial origin. It is thus
a responsibility of the scientific community to stalealing more seriously with the
question of land water of non-glacial origin argl éffect on rising sea levels. It is, after
all, water missing from land and not from icebengsch we feel the absence of more.

5.3 The impact of the decrease in the water of the small water
cycle on the rise in global tension

During the 20th century the annual average air &atpre in Slovakial s)oyakia as
rose by about 1.1 °C (even more in winter). Meatayhthe average illustrative of
annual sum of precipitation fell by 5.6% (in theugwern plains the fall| the problems
was more than 10%; in the mountainous north theas & rise of 3%

during the century). Also, a significant decliner@lative air humidity was recorded (up
to 5%). Characteristics of potential and actual pevation, soil moistness, global
radiation and the radiation balance all confirnt g@uth Slovakia is gradually drying out
(potential evapotranspiration grows and soil masfallsf® Spatial concentration in
the fall of precipitation is accompanied by a conation in the time division of this
precipitation, i.e. periods of "drought" are lergiting and the timeframe in which the
majority of precipitation falls is getting shortdflood waves arise, extending into the
warmed lowland regions where it almost never rdutfie Slovakia, even though it in no
way ranks among the most problematic countriehénworld in terms of the problems
outlined here and the subsequent damage they caasebe seen as an example
illustrating the typical hydrological problems dietmodern world.

6 "Fourth National Report of the SR on climate cheagd the Report on achieving progress for fuiili
of the Kyoto Protocol." Slovak Republic, Ministry thhe Environment of the SR, Slovak
Hydrometeorological Institute, Bratislava, 2005
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The United Nations’ predictions for the climate asictulation of the | e
world's water in the 21st century are at best wogyand at worst| prognosis of
catastrophic: "Global warming may already be with) but the much| further
greater warming forecast for the 21st century pitiduce vast change| worsening of
in evaporation and precipitation, allied to a mauepredictable| € climate
hydrological cycle. Higher air temperatures wiltiease evaporation from the world’s
oceans, intensifying the water cycle. They willcalmean faster evaporation of water
from land, so that less rainfall reaches riversesehchanges will be accompanied by new
rainfall patterns and more extreme weather evamthkjding floods and drought$*This
climate shift in which the influence of the largater cycle starts to dominate the small
water cycle is just one of the UN'’s gallery of hays. Along with predictions that dry
regions of the world will in the future be evenetrand wet regions still wetter, their list
of threats ends with the statement that in the esfiptable world of the future, one thing
which is predictable is a growth in the number aidiratries with water shortages.

Direct personal consumption of water for drinkingdahygiene is .

. . ; Consumption
relatively small and can be counted in dozens toédiper person pe| ,nq the need
day. The amount of water needed for turning outdtiéy ration of food | for water
per person, however, can be measured in thousantites and is
increasing. The consumption of water in industrythe 20th century
also had a tendency to grow. The availability 06Q 7¥ water per person annually is
defined as the basic level for satisfying the comati needs of people, agriculture,
industry and the environment. In view of this, wanaonsider a volume between 1700
and 1000 i of water available per person annually as a sthtress and a volume of
under 1000 rhas an insufficient amount of water. Countries withs than 500 Pnof
water per person annually are considered to betdesrwith a catastrophic shortage of
water. Such countries are, for example, Somalith@territory of Palestine, which have
access to only about 320°mer person annually. At present an estimated 7{liibm
people in 43 countries around the world live intates of water stress. These are
particularly centered in the Middle East and in Qaharan Africa.

With the current tendency of cities to grow, a gitown both personall pognosis of
and industrial consumption of water can be antteigpaAt the same timg future water
a growth in the need for water for the productidriomd in the poorest| needs
developing countries can also be anticipated. Tlwosatries with high
population growth and low financial capital, alrgadging more than 80% of their water
on agriculture, will be severely affected by therease in extreme weather. We can
expect a loss of livelihood for millions of smadiriners and a growth in their dependence
on food from developed countries. The need for wateirces is growing because the
number of such sources, their volume and theirityyare all getting lower. In the face
of the growing demands of people, agriculture artlistry, it is usually the environment
which pays, and if no change occurs, the enviroimglh continue to pay the biggest
price. According to a UN report, the number of gedping in a state of water stress
will have probably increased by the year 2025 taertban 3 billion, with 14 countries

*"Human Development Report 20@8ublished for the United Nations Development Paogne (UNDP) —
Beyond scarcity: Power, poverty and the global weatisis
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having moved from the category of "water-stresséadl"the category of "water-
insufficient"*®

Some indications of the coming shortage of water @ready visible[ A conce of
today. Reports are coming from different cornersthad world about| sojutions
catastrophic droughts, desertification or salimatd the soil over vast
areas, about regions with a rapid decline in grawatdr levels or rivers and lakes drying
up or the expansion of deserts. Increases in agesageasonal temperatures can have
serious consequences on the physical and psychaldwalth of people and bring about
problems with adaptation. The scenario of adaptaisy in fact, almost the only one
which international organizations have so far bable to offer the world's public. This
scenario, however, merely documents a sense ofjnasdin and admission of
powerlessness in dealing with the problem. Thet sbfifa huge number of people,
populations and industry to cooler regions is alsactically impossible because it would
be accompanied by the irreplaceable loss of thaumlland natural heritage of the
abandoned population centers and lands.

In this atmosphere of stress, a growing numbeutias are repeating
the words of the previous Secretary General of thN., Boutros
Boutros-Ghali, that the wars of the 21st centurly & wars over water.
Water has already begun being used as a de fa@poneof political pressure between
states, last but not least on the territory of wised to be Mesopotamia. The Turkish
GAP project (a development project for southeastatéim) is counting on the
construction of 21 dams and 19 hydroelectric plamtshe Euphrates and Tigris rivers.
This massive exploitation of their waters and thatess from their tributaries for
intensive agriculture over gigantic areas shoulcraase the number and volume of
harvests each year, the agricultural products atlwvvill be largely sold as exports. But
Syria and lIraq, lying further downstream, both @esly fear the possibility of being
blackmailed and threatened with lower amounts @s &lready happened) and lower
quality (higher salinity) of water. And the situati is not helped by the statements of
some Turkish representatives who say that just aguldn't occur to them to make
claims on crude oil whose sources are in Iragrag ¢an make no claims on water which
originates in Turkey.

War or
water?

Pessimists on the question of wars over water Irézalaccount from Pessimistic
the year 2450 before Christ about just such a wbwden two Sumeriar| \ieue

city states, Lagash and Umma, in the lower Mesopta valley.
Optimists point to the fact that even though waasralmost everything in the world, has
often been the subject of internal battles and drroenflicts, except for the case
mentioned, there are no other known interstate @rouwnflicts in history in which
supplies of water would be considered a strategt reot "merely" a tactical goal. It's
good to be an optimist, even though it is oftenicaity argued that an optimist is merely
a badly informed pessimist, but in the case of e supplies of water in the 21st
century both groups are inclined to agree that ghaspects are gloomy, with more
dangers on the horizon than promised solutions.

“ibid.
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Tab.6Possible indicators of the reasons and the consemces of a decrease in the
water of the small water cycle

— trend in fall of minimal flow rates in watercoass
— trend in growth of extreme flow rates (flood waya watercourses

— trend in long-term decrease of precipitation grained area,
— space and time changes in distribution of préatipin in an area
— trend in growth of extreme precipitation and stactivities

— trend in long-term rise in ocean levels
— trend in long-term decline in groundwater levels

— trend in fall of soil moistness
— trend in fall in volume of groundwater reserves
— expanding of drained territories, semidesertsdasibrts

— growth in the number of populations with worsgnatcess to drinking and utility water
— fall in the biodiversity of a territory
— rise in ecosystem imbalances

— overheated territory and expanding areas of UHmdn and agricultural plates"

— trend in growth in temperature differences betweet plates and preserved natural areas with atget
cover

— trend in expanding of built-up areas, impermeahblgaces, surface coverings of buildings and other
built-up spaces

— shortening the length of watercourses (by almaif flows, cutting off tributaries)

—trend in fall in the percentage of bodies of wéliEkes, ponds and other water surfaces withiagés or
outside of villages) and wetland areas (marshlafids) the total area of a country

— trend in growth of drained areas (by buildingd Aard surfaces)

—trend in fall of forested areas

— growth in the number of insurance events andidiheme of paid-out insurance for natural disasters
for damages caused by extreme weather and theitses

Fig. 17 The growth of extreme weather with the decrease afater in the small water
cycle
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With a decrease of water in the system, temperadifferences arise which cause
different types of extreme weather.

Fig. 18 The impact of the transformation of land on the deuction of small water
cycles
Rising radiant flows push clouds to cooler enviremts.

Fig. 19 The growth of weather extremes in damper and cooleenvironments — the
concentration of precipitation forcing it from dryer lands
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Fig. 20 The growth of precipitation in mountainous northern regions and the
decrease of precipitation in southern lowlands — 8Vakia used as an example

Fig. 21 The rise in precipitation in mountainous regions ad the decrease of
precipitation lowlands — Danube watershed
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Fig. 22 Precipitation trends in Slovakia
Periods of "drought” are lengthening (A) and timeetiperiod in which most precipitation
falls is getting shorter (B).

Fig. 23 Average annual precipitation totals in PreSov
Resembles the average trend throughout Slovakia.
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Fig. 24 The incursion of cold air to the High Tatras regiors (the Tatra bora) - the

assumed state around the year 1800
The conditions of the land under the mountainsaadlb for the gentle dissipation of the

currents.

Fig. 25Wind storm in the High Tatra mountains, Slovakia, November 19, 2004
Radiant flows of warmed currents from agricultuaban areas (zone D) accelerated air
currents with the rapidly falling cold front thrdughe ridge of the High Tatra mountains:
V(A) 150 — 200 km/h, v(B) < 100 km/h; v(C) 200 —-2&km/h, v(D) < 150 km/h.
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Fig. 26 The impact of glaciers melting (A) and the declinén the reserves of water on
the continents (B) on rising ocean levels (C)

62



6 THE OLD AND THE NEW WATER PARADIGM

Hath the rain a father? or who hath begotten thepdr of dew?

The Bible, Job 38:28

For in the wilderness shall waters break out, atrdamns in the desert, and the parched
ground shall become a pool,and the thirsty landrgys of water...

The Bible, Isaiah 35:6-7

Philosophers, historians and thinkers diverge imyrthings in regard to the modern age
in Europe, but concur in the fact that it has belearacterized by a strong emphasis on
rational thinking and scientific knowledge. The lityaof the problems associated with
the lack of what until recently seemed to be auiboys, commonplace substance—
water—has challenged this rather self-important anmbgant modern age approach.
From a careful critique of the old perception & thater question, we will present in this
chapter a new attitude to water which respectgabse and function in the environment
much more.

6.1 The old water paradigm

Above all, the modern age is characterized by tdreviction that human| raith in
understanding can solve all our problems and thaénse and| science and
technology inevitably lead to continuous prograss @ an ever happie| progress
and better world. Two world wars and many othersmar the 20th
century, as well as the Holocaust, the atomic bothk, emergence of totalitarian
regimes, the share of science in the developmendestructive weapons, industrial
ecological catastrophes and many other factors, Hemweever, undermined this faith in
science and in inevitable progress to the poirtrieny thinkers even consider the years
1965-1975 as the beginning of a skeptical, postenogberiod in which some people
believe that evolution can also go backwards, ovaro cycles or spirals.

We can clearly see a reflection of the originalipl@al and, in the 20th Humanity
century, astrongly secularized mind of the typetat, lord of all| changes the
creatures, is changing the course of nature" imtheagement of waten course of
Hardly anyone in countries possessing sufficientewaupplies ever nhature
considered the possibility of a future shortagewater. Occasional
voices calling for responsibility in the managemeftwater were often lost in the
optimism founded on the seeming omnipotence ohsiie and technological solutions.
Engineering solutions were able to carry water ayeyat distances when necessary.
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Great waterworks, which aside from the usual fumgiof waterworks, also had energy-
generating functions and served as anti-flood ptimte, were built for the accumulation
of water. Water in the land and the soil was seerenof a handicap, so wetlands were
drained, river flows straightened and meandersd&adl-end tributaries removed in order
to gain more agricultural land. Watercourses wedranaeled so that water could be
sluiced away as fast as possible. Boundaries werered and hydromorphic land
elements were removed in order to obtain the largastiguous areas, which seemed at
the time, to be a synonym for modern mass-prodaciitie drainage of land was aimed
at expanding areas, increasing profits from centanophilous cereals and achieving self-
sufficiency in the production of bread. If necegsdhere was plenty of surface water
available for irrigation.

Rainwater in cities suffered the same fate as wiatéhe countryside. )
Standing water or mud in cities were consideredigas of a lower Iir;fof;ir\?e'?g
culture. Therefore, as many open areas as posate covered in| pature
concrete, and rainwater that fell on them and aisravas carried away
by sewers to the nearest stream. All water fordesds was generously supplied as
drinking water, without any consideration of thetféghat only a small part of it would
actually be used for consumption. Water was utllibece only and after purification,
sent to the seas. The supplying of water from dactsthe sewage systems of cities and
villages were certainly and rightfully given credr their successful part in the
suppressing of many infectious diseases, hencestitadegic goal to expand these
facilities to as many of the population as possilbleis way of perceiving and handling
water enjoyed great successes and for developimgtries became a model of order and
civilization to achieve, expanding particularly aountries with a relatively abundant
supply of water.

The "old paradigm” is more tradition and actualctice than a unified,| Tthe first great
articulated theory. Despite this fact, as a baadkigdoof thought it really| failures
exists and is reflected in textbooks and in practit once promise
peace, safety and prosperity. With the passagenef however, we can now say that this
promise has not been fulfilled. If we were to sbdar a textbook example of the failure
of engineering approaches to the management ofr watthe modern age, we would
probably find the most drastic example in the farBeviet Union. The Communist
regime in that country fancied itself, in a certagnse, to be the perfect embodiment of
“rationalism” of the modern age, and the cataseapitthe inland Aral Sea, even though
not all aspects of it are typical, can be considene epitome of the arrogant handling of
water in the second half of the 20th century. S@B@0 years of inhabited fertile land
between the water-rich Amu Darya and Syr Daryarsiwnded in ecological catastrophe
after just 30 years of profligate plundering of ardfor irrigation: the partial drying out of
the sea and the rivers, the destruction of theosgstems, the rapid lowering of
biodiversity (fish no longer live in the Aral Sea)d the total desertification of the region
culminating in winds now spreading salt and ped#éisifrom the bare seafloor all across
the region. For the most part, the dried up Arab $ms stopped moderating the
differences of temperatures between winter and sermvidith the growth of temperature
differences, the speed of the winds has increaselas the intensity of local dust storms.
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The degradation of the environment has gone hamama with the economic decline of
the area and a long list of related health problem®ngst approximately 3 million
inhabitants in the immediate area and 35 milliohalmtants in the broader regions
around the sea.

But the insensitive handling with water is not oalyproblem of Central

Asia. Here in Europe we know it more as human #gtia the areas of ngfn?gzcgf
forest and water management and agricultural abdruzones, activity] the fall of a
which derives from the philosophy of getting rid @fater from | construction
watersheds as quickly as possible. We've alreadytiomed some of its
consequences in this publication. Lowering theitgbidf watersheds to retain water has
the effect of emptying the small water cycle inunat causing a decline in soil moisture
and a fall in groundwater levels, as well as a waghof the whole local area. In
mountains and foothill regions, fields without nafubarriers to prevent the runoff of
rainwater are an ideal setting for soil erosion #reoccurrence of local flooding. Other
negative results are the rapid aggradation of vegsr the lowering of groundwater
reserves, a fall in the minimal flow rates in raater deficit periods and the growing
trend in the culmination of flood flow rates. Wateranagers no longer even try to
disguise the fact that if the extreme claims ondtate budget the measures they have
suggested were actually provided, the situation l&vawt improve, or would only
improve only a little. More and more our cities d&ing converted into dried-up "hot
islands" where people suffer allergies to dust poken and where, in the summer heat,
elderly people die of heart attacks. Cities, wHosations were once selected with an eye
on their rich sources of water, now go to extresrggths to transport and purify water
from great distances and at the same time as rsjuaivay all the rainwater that falls on
their own heads.

Meteorological observations demonstrate that 1thefpast 12 year{ | . growth
(1995-2006) are among the 12 warmest years ondenderms of the| of weather
average temperature of the Earth's surface. GMhaining, according| extremes
to the main current of contemporary science, wit stop, however,
even centuries after the elimination of its appacauses, these being emissions 0L CO
and other greenhouse gases from human activitgsgakich cause an increase in the
effects of solar radiation in the atmosphere. Assbaiated with increasing temperatures
of the atmosphere and the oceans is a proportiamaase in the content of water vapor
in the atmosphere (for each degree Celsius of ittusease, the air can theoretically
absorb about 7% more water vapor). This causes mwsdéong-lasting climatic changes
of regional and continental significance. The ocence of extreme heat waves and
intensive showers increased over most of the lasdpand it is very likely that this trend
will continue®® Serious dry spells (droughts) have affected vegibns of Europe, Asia,
Canada, western and southern Africa and eastertrafias The number of heavy floods
(100-235% year floods) also increased significamtlying the second half of the 20th
century.

49Climate Change 2007: The Physical Science BaSismmary for Policymakers." 10th Session
of Working Group | of the IPCC, Paris, February 200
Y CRS Report for CongresSjimate Change: Science and Policy ImplicatioBsder Code RL33849,
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The scientific knowledge on which the modern ageceomelied [ -
nowadays spreads more fear of the future than Hopesolutions. | arming as
Contemporary science blames global warming for nodsthe above| the chief
mentioned, and many other, negative trends. Theiggoextremes of| enemy
climate are, in its eyes, a subset, if not a dietonym, of global
warming, which will likely intensify in this centur And yet the period between the 9th
and 13th century, which was markedly warmer than 28th century, appears to have
been the best in Europe from today's climatic-hiséb point of view. Vineyards were
cultivated on a commercial basis 300 to 500 kil@retnorth of the limits of their
cultivation in the 20th century, and the Vikingdtleel Greenland. This was above all,
however, a period of unprecedented climatic stgbibnly occasionally disrupted by
extreme weather events. This climatic "golden aitved for a great economic boom,
the building of cathedrals as well as further exgoam of agriculture with accompanying
deforestation. On the other hand, the cooling plewe long for today brought Europe, in
the time of its Little Ice Age (with certain depams, from the 14th to the mid-19th
century), high instability in the weather accomganby poor harvests, poverty, famine
and other misfortune®. The growth in climatic extremes are thus not idehtwith
global warming, nor is the stabilization of thenwdite necessarily dependent on its
cooling.

It is astounding, then, that while scientific pghlions and conferencel . 4sin
emphasize the impacts of global warming on theu@ton of water in| gcientific
nature, almost all of them are totally silent oe thfluence the watel research
cycle has on climatic changes. The fascination W@, is so great,
though, that it even dominates the relatively smathber of scientific articles which are
concerned with the relationship between vegetadioth the climate. The mechanism by
which heat in water vapor is given off in the uppart of the troposphere is, like the
effects of clouds on the thermal balance of thetzamder-researchéd.What excites
the interest of scientists is the albedo, i.e.gha@portion of reflected solar radiation in
relation to the total falling on Earth. Here vegeta falls into disfavor, because it
absorbs more (reflects less) solar radiation ttfwihcteared of vegetatio™. It's logical
that, given the current state of knowledge, mangngists are missing among those who
argue for the watering and forestation of contiseaven though they rarely speak openly
about this. They don't, however, have another féarfar rescuing the planet, aside from
the already mentioned prospect of lowering the I&evd CG in the atmosphere (by
lowering its production in industry, not its abstop by vegetation). No wonder that in
this desperate situation scientists and politiciargsorienting their efforts more towards
methods of adapting to the "inevitable" negativardes than towards averting them.

January 25, 2007

*1 Brian Fagan, The Little Ice Age - How Climate Madistory, 1300-1850, Academia, Prague, 2007
*2Wigley, T. M. L., V. Ramaswamy, J. R. ChristyRl.Lanzante, C. A. Mears, B. D. Santer, C. K.
Folland, Temperature Trends in the Lower Atmosphetdnderstanding and Reconciling Differences,
Executive Summary, A Report by the Climate Changier®e Program and the Subcommittee on Global
Change Research, 2006

%3 See, for example, "Trees to Offset the Carbon " Lawrence Livermore National Laboratory,
April 10, 2007, http://www.lInl.gov/PAO/news/newgleases/2007/NR-07-04-03.html
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Not only in the modern age, but probably throughallitof history, | the need for
people in regions abundant in water have felt as iabundance woulq a new
never come to an end. Even just a few decadesaagjoprtage of wate| paradigm

in a country like Slovakia was as hard to imagiaeaaudden change i
the climate. In the 20th century, however, humaregched a degree of development that
allowed it, knowingly or unknowingly, to change thater cycle to an unprecedented
extent, and these changes, caused by human adiyélong with many other factors)
have clearly occurred and are still occurring. ©lek paradigm, which considered water
as an eternally renewable resource, has failed,trtitt being that water is only a
renewable resource as long as the water cyclenditinal. A new paradigm is therefore
needed which will carefully protect the fragile didpiium of this water cycle.

6.2 The new water paradigm

That which we have introduced in the previous obiaf® not meant to merits of the
be an absolute denial of everything that the oldewgaradigm| old paradigm
propagated and achieved. The truth is otherwise.kWésv that in the
history of ideas, systems that have attempted gateeeverything that preceded them
have turned out badly. We also know that even sugfeat scientist as Sir Isaac Newton
once modestly stated: "If | have seen further ibméy by standing on the shoulders of
giants." The old water paradigm achieved exceptlieffactiveness in solving immediate

and particular problems of water. If it was necegsamanaged to retain water, transport
it great distances, use it, purify it and carryaway. The old water paradigm is still

successfully fulfilling these tasks today and woulitloubtedly continue to do so even
more successfully in the future. Just as Christiartbe first centuries used stones from
pagan temples to build their own temples, so vi# emerging new water paradigm
utilize many of the old achievements. The new watadigm, however, must utilize

them in a new spirit.

The new water paradigm must learn from the mistakethe old Learning
paradigm. In our opinion, among the biggest migaké the old | fom
paradigm is that water was perceived as an isolatedy, water's | mistakes
interaction in the framework of the whole ecosyste#ing neglected,
particularly water hidden from view (water in saih, the atmosphere, in plants). The
paradigm also neglected the synergic effect ofothicing even minor measures to
regulate the state and circulation of water in anty. Readers who did not begin
reading this publication at this chapter but wheoéhalso read the previous chapters,
know what kind of measures and what impacts we haveind. The old paradigm
considers water as a fixed given renewable resomhieh is subordinate to deviations in
the global climate, or is even its "toy," but whitbelf has no noticeable influence on the
global climate. The circulation of water, accordioghe old water paradigm, was rarely
influenced by human activities and if it were, trarly marginally and indirectly, via the
influence of other parameters which supposedlyahkatger impact on the global climate
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than water. The blindness of the old paradigm itmatic impacts of water management
measures is furthermore crowned by its ignoranak demial of the importance of the
small water cycle. Given the current level (lack)kaowledge, we can hardly wonder
that water managers and all other people who carteedontact with water issues, are
neglecting the importance of the water balance lbftegels, manage it badly and are
especially destructive in their treatment of thelnwvater cycle.

In the new water paradigm, the water balance ateakls—on the only a
territory of individual communities, within citiesin forests, on| permanent
agricultural land—is the central theme. The newewaiaradigm warng balance is
that unlike the issue of global warming, the issfighe drying of the| sustainable
continents, or substantial parts of them, is rengivery little public or
scientific attention. The drying and subsequentmwag of the continents causes an
acceleration of natural processes following a @ertaspecific pattern and
interdependanc¥. The drying is caused by urbanization with its dagiuicing away of
rainwater to the seas and oceans, by agricultutalites and by the deforestation of
ever larger areas of the Earth's surface. Thimdrgreates "hot plates" with a complete
chain reaction: the warming of continents, the al@zation of the water cycle and an
increase in extreme weather. This is causing exterdamage to both economies and
civilization. That's why calculating, systematic mitoring, guarding and maintaining
equilibrium in water balances is becoming imperatven on the city level. Thus far in
its history, however, mankind has not even coneiehis condition for sustainable
economic and civilizational growth.

The new paradigm, though, not only calculates #ilarice of water buf .

. ) .. Replenishing
also offers a solution for making up the deficiteWan return the los| . cficit in
water back to the continents by keeping rainwatea anassive scale il the balanc
the places where it falls, particularly in thoseam where the influenc
of human activity is causing a drying out. Justhesimpact of human activities (as their
unplanned secondary effect) can lead to a breakdiowthe small water cycle, so
concerted human activity can contribute to its vealeover land as well as to securing
long-term stability in the water balance of a teny with sufficient water resources. If
the current method of managing rainwater and serfgater on land is turned around and
the conservation of rainwater and surface watetaod is ensured by a system of all-
embracing measures for increasing the water-holdibidjty of an entire watershed
(which are often identical with anti-erosion meas)r and if only the surplus surface
water is sluiced away from an area, then with @¢aahof the cycle there will be recovery
of the small water cycle, the reserves of groundwaill gradually improve, the volume
of precipitation will increase, and extreme weatinegnts will decrease.

Mankind has used different means of rainwater rsiivg and water-| The principle
conservation over the millennia in order to obtaiufficient water | of water cycle
resources. Our knowledge of their broader impacthenstabilizing of | saturation

% See, for example, "A new paradigm for assessiagdte of agriculture in the climate system and in
climate change," Roger A. Pielke Slimmy O. Adegoke, Thomas N. Chase, Curtis H. Mdkshashihisa
Matsui, Dev Niyogi, Agricultural and Forest Metelirgy 142 (2007), 234 — 254
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the water cycle and climate is often primarily ititte—it was never described from the
scientific standpoint. Traditional systems for obitag water in the 20th century were
founded on the building of reservoirs in which wates collected and which served to
balance the water regime of rivers. This water wabsequently used to supply the
population and to serve the needs of industry dedptoduction of energy and food. In
our case, however, the goal is to collect rainwatet, wherever possible, return it to the
small water cycle. The primary principle is to allinfiltration of water into the soil, its
saturation and the creation of groundwater reseasesell as surface water reserves, and
thereby foster the growth of vegetation, which vgoals a climatization valve between the
soil and the atmosphere. The capacity of soil (suosoil) is usually much higher than
the volume of the largest artificial reservoirsaicountry. The process of saturation of the
small water cycle should be repeated so long asydeological regime of watersheds
are out of balance. However, such measures nebd tarried out on a massive scale.
Leaving untreated great "hot plates” lowers theaiveness of measures taken in their
nearby surroundings and sometimes even directbatbns them. The measures that need
to be taken are simple, effective and cheap bul he®&e implemented in the territory of
each community and town. Wherever possible, allcthramunities in the world should
get involved in this program of rainwater harvegtamd conservation on the continents.

Rainwater harvesting and the conservation of waterland has a Water agai

. . . . gainst
number of aspects which on first view can appeabdoparadoxical.| yater
People fearing floods can mistakenly expect thdrtyacountry can better
absorb a great amount of water than a country wisiciiready significantly saturated
with water. Experiments and experience show otleawhowever. Water flows over sun-
burned land as if over impermeable plastic foil lietwater infiltrates into healthy soil,
held firm by vegetation, as if into a sponge. Whatiore, moderate temperature
differences on the surface of land covered withlthgavegetation do not induce the
torrential type of precipitation which occurs in averheated, dehydrated landscape. One
paradox, then, is that water itself is the bestgmtion against water.

Another apparent paradox is that, despite what rpayle might think,| a growing
the method of conserving rainwater in one area duoas deprive | cake
neighboring lands downstream of precious water. diference is
similar to that between a static command econonayaadeveloping free economy. The
first always divides the same small cake, andgelapiece for one means a smaller piece
for the other. The second, however, divides a aakieh is always growing for the
benefit of all. The conservation of rainwater ondaactually helps neighboring lands.
The runoff of rainwater from a country is not stedpcompletely but is merely slowed
down. In place of the sudden rain-dictated, ofteineenely small or extremely large flow
rates, particularly from surface runoff, a much endpalanced runoff, fed from
groundwater, can now be passed on to one’s neighbdwoderate rain from the small
water cycle rooted in a water-saturated countrysteos the cities, fields and forests of
neighboring lands and thus opens up the opportdoitthese places to manage water in
the same way. The method of retaining rainwatdand creates cascades of watersheds (or
their parts) rich in water instead of dry cascaufegatersheds.
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The new water paradigm means developing, utilizamgl supporting

overland rainwater harvesting and conserving raiemia watersheds s anew culture
that ecosystems can "produce” enough good quadtgmor humanity, | yesponsibility
food and nature, can purify polluted water, carucedthe risk of natural for water
disasters like floods, droughts and fires, caniktabthe climate and
strengthen biodiversity and can become a compowénéconomically sustainable
development programs. What the new water paradiffjersois promotion and support
for such a culture of land use which will permaheménew water in the water cycle
through saturation of the soil with rainwater. Treav water paradigm means a return to a
natural responsibility for the state of water ine@nregion, but can also bring a new
dimension of solidarity and tolerance between peapld communities in watersheds.

The new water paradigm brings with it a lot of gxeenally good news. .

. o The promises
The new economy of water promises that it will eao balance thg i, new
debt that arose in the past, lower the unwantedctffof this debt| paradigm
manifesting themselves in ever more extreme weatstabilize the
management of water and guarantee its sufficiehdhe continents, with harvested
rainwater, will stabilize thermally and climaticaland the extremes in the weather—
particularly floods and drought—will be mitigatéféig. 27).Increasing the water-holding
capacity of the land and harvesting precipitation the places where it falls are
themselves effective anti-flood measures. Natuisdsiers will obviously always occur,
but excluding external factors, the level of ecoimand civilization damage caused by
the weather will be greatly reduced. These statésnaso apply to the possibile revival
of semideserts and deserts through rainwdtey. 8, 29, 3). With these areas we can
assume an exceptionally long and difficult prockesause the evaporated water, given
the thermal differences, will be carried away thestregions. Nevertheless, particularly
in those cases where the change was unwittinglgechloy man, deliberate, carefully
planned human activity can perhaps return thenmheédr fprevious state. The slow and
gradual revival of semideserts and deserts throaghvater, particularly in places where
just a relatively short time ago civilizations kdosned, should not therefore be
impossible.

This thinking represents both an exciting challeage a program of Exciting
activity at the same time. Just as our ancestoesnated in their battle challenges
with nature to stake out a piece of uncultivataddland civilize it, so
must we attempt to recover from the ocean the waéeall have lost in the struggle, so
that the efforts of our ancestors to civilize olan@t were not merely in vain. We can
begin with relatively small volumes of water, likellecting rainwater for the dried-out
lawn in our front yards. From there we should gamthe much larger task of finding a
way to regain the water which once existed on énetory of cities and which, since the
times of the industrial revolution, has been rugnouit into the oceans. The largest, and
in a country like Slovakia the maximally taxingguérement would be to recover all the
water which existed in the ecosystem at the timéhefclimax forest that covered the

% See, for example, Olith Syrovéatka, Miloslav Sir and Miroslav Tes#A change in the approach to land
— a condition for sustainable development" (208&hpilable at
www.changenet.sk/ludiaavoda/sprava.stm?x=66907
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land a thousand years ago. On other territories,ctiallenge would have to go even
further; for example, we would like to return watend renew the water cycle in the
Mediterranean or on the once fertile lands of tadile Crescent.

It's good to be aware of the objective fact thatewdself represents ¢ A

. . . . parallel
financial value and adds to a country's wealth'slietagine, then, that § \yith financial
society of people living in a watershed or onet®fpiarts, is employed il management
a relatively independent branch of a large compalmigh includes all of
humanity. The company deals in the appreciatiofrash water, which, in this case, we
can imagine as synonymous with money. Water im¢juworganisms will have the most
value. The more water there is in living organisthg, more life, biodiversity and food
there will be and the better will be the protectadrall other water environments. We can
compare this water in living organisms to a treasume do not want to give up under any
circumstances. Water in the soil is a deposit limga-interest account. If there is money
in the bank, the profit from it will pleasantly grahanks to the interest rate. If, however,
we fall into debt in soil moisture and we don't wamlose our treasure of water stored in
living organisms, the downward spiral of taking nieans from other surrounding water
to pay the interest may suddenly threaten to dgstso The draining of the land is like
living on debts. Water falling from the large watsrcle is like a state subsidy. It comes
for free but not regularly, often to wrong recigierand in the wrong amounts. It
sometimes brings more harm than good. To rely anrisky because today it is here but
tomorrow it may not be. It is only the rainfall iime small water cycle which springs from
the activities of the company, or sometimes from #ttivities of its other branches;
often, too, it is the previous generation of compamployees who, through their hard
work, deserve credit for much of the profit we héavéay. Water in rivers is, if you like,
a gift which the community higher in the watershehds down to the communities
lower on the river. The society which acts as tharbr of such a gift should not try to
plunder it, but should pass it down in a fit andecifor state.

The new water paradigm promises more to reducemetweather tharf o growth
to stop global warming altogether, even thoughetveporation of watern of extremes is
into the atmosphere would cool the local climatkerg are two reasol worse than
for this. Despite the great space the media offerpopular theories| warming
about the alleged causes of global warming, thasses have not been
sufficiently researched with respect to presergast climate changes, nor with respect to
the influence of humanity and other influences. $eeond reason is that we perceive the
increasingly extreme weather and climate in teneswith insufficient water as a much
greater threat to humanity than global warming. Tdwt that some mechanisms in the
balance of energy flows are not explained yet meemsannot prescribe a formula for
global cooling. However, it in no way changes osgation that a saturated water cycle
is a planet’s cooling mechanism. Rainwater kepednsystems cools the surface of the
Earth through evaporation; vegetation greatly hetpslerate temperatures and optimize
evaporation; clouds create shadows which staliiiegemperature of the Earth's surface.
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Obviously, the new water paradigm is not omnipaot&nwill not be able

- ~ | Changes
to prevent those great and sudden changes in ther wgcle and in| which are not
climates whose origins are outside the activiti@hwmanity. These| in our power

include the cycles of solar activity, swings in tearth's axis, the fall of
meteorites, the eruptions of volcanoes and the tikeugh the effects of some of these
can in some ways be mitigated. The domain of thve water paradigm are changes in
the effects of human activities, and this fieldas wider than was understood in the old
water paradigm. All other things should be percgitierough the prism of the classic
stoicism of Epictetus: "Some things are within @awer and some things are beyond

it...if we desire those things which are not in opower, we will surely be

disappointed®

Tab.13A comparison of starting points and approaches aceding to the old and the

new water paradigm

Old water paradigm New water paradigm

The water on land does not influence global An important factor in global warming may be the

warming, which is caused by the growth in the | change in the water cycle caused by the drying and

volume of greenhouse gases produced by humansubsequent warming of continents through humapn

activity. activity.

The subject of research is the impact of global | The subject of research is the impact of changes|in

warming on the water cycle. the water cycle on global warming.

Urbanization, industrialisation and economic Urbanization, industrialisation and economic

exploitation of a country has minimal impact on thexploitation of a country (over about 40% of the

water cycle. area of the continents) has a fundamental impact on
the influence of the water cycle.

The impact of humanity on the water cycle is The impact of humanity on the water cycle is at

negligible and changes in the cycle cannot be present considerable and its changes can go in Qoth

reversed by human activity. directions.

Adverse climatic trends will increase, mitigation | If the new approach to water is applied, a possible

can perhaps be expected within a horizon of recovery of the climate can be expected within

centuries. decades.

Interest in the large water cycle, which seems Interest in the small water cycle dominates.

difficult to influence, is dominant while the

significance of the small water cycle is trivialize

The reason for extreme weather effects is global| The reason for extreme weather effects are changes

warming . in the water cycle.

Global warming and extreme weather effects arg Global warming can exist without extremes of

inextricably linked. weather, extremes of weather can exist without
global warming.

Global warming is the main climatic problem for | Extremes of weather are the main climatic problem

humanity. for humanity.

Vegetation is not ideal from the viewpoint of glbbaWater and vegetation alleviate unwanted

warming because it has a low albedo (reflectivity);temperature differences; cloudiness moderates the

water vapor again increases the greenhouse effedntensity of solar radiation falling on the Earth's
surface.

Speaks about the atmosphere as a greenhouse | Speaks about the atmosphere as a protective

covering of the Earth. covering for the Earth.

*% Epictetus,The HandbookSvoboda, 1972, pgs. 2

7-28
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Rising ocean levels are a result of melting icebeng Rising ocean levels are a result of meltingigtac
on land, but also of a decrease in soil moistures,
levels of groundwater and the state of other wate
on landmasses.

Rainwater is an inconvenience and needs to be | Rainwater is an asset that needs to be retained in

quickly removed. soil/plants>’
The main source and reserve of water is surface| The main source and reserve of water is
water. groundwater.

There is an impersonal attitude by owners and usékshange in the anonymous approach to rainwate

of land (citizens, companies and offices) towards on an individual's land and the creation of a spifi
rainwater in a territory. shared responsibility for water resources.

Water is used only once for one purpose and then\Wéater can be used for more purposes, then purif
sluiced away. and recycled®

Water supplied to communities primarily through|awWater supplied through a system divided into
system of mains with "potable” quality water. potable and utility water.

Mutual isolation of public policies in relation to | Policies in relation to water are based on a thghou

water. perception of water in the scope of a functioning
water cycle in a country.

A sectoral approach to managing water resourcesintegrated management of water resources in a
on land. territory.

rs
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In the year 2000 Axel Kleidon, Klaus Fraedrich addrtin Heimann presented the

results of mathematical modeling of global climateour planet from the two extrem

of conditions: 1.) The simulation of a "Desert Wbtlin which, applying the current

eS

distribution of oceans and continents, values spwading to the parameters of the

desert surface were placed on all unglaciated lasdes; and 2.) The simulation o

"Green planet,” in which land surfaces were covevid vegetatiorr? Even though we
are aware that each such model is a simplificadioreality, the results of the modeling

are still very interesting.

Precipitation over land of the "Green Planet” wage that of over the "Desert World,

On the "Green Planet,” where evapotranspiration ugaso three times higher and t

[ a

he

content of water vapor in the atmosphere a thighdr, there was paradoxically about a
quarter less surface runoff than in the "Desert [d/6rThe average annual surface
temperature over the entire "Green Planet” (inclgdhe oceans) was about 0.3 °C lower

than in the "Desert World and the surface tempesabn land 1.2 °C lower. Above the
land of the "Green Planet" there was about 8% mlaned cover. It's interesting that the
greater cloud cover on the "Green Planet" causigthtisl less evaporation from the

oceans and slightly less precipitation over theitme §reater cloud cover on the "Gregen

Planet" caused only approximately 5% more absarptb solar radiation, which i

surprisingly small in view of the more than 20%feli€nce in the albedo of both worlds.
The most important changes occurred in large exgzan$ the arid regions of Africa,
South Asia and Australia, where, in the "Green &tasimulation, a forest climate was

created.

5

" A Paradigm Shift for Water Management.” Rocky Main Institute, www.rmi.org
58 i1.;

ibid.
%9 A. Kleidon, K. Fraedrich and M. Heimann. "A GreRlanet Versus a Desert World: Estimating the
Maximum Effect of Vegetationon the Land Surfacen@@te,"Climatic Changed4, Kluwer Academic
Publishers, pgs. 471 — 493, 2000
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Fig. 27 The course of destruction of the small water cyclever land until it is halted
and then renewed to its original state

Fig. 28 Diagram of the expansion of deserts or sed@serts with the breakdown of
the small water cycle
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Fig. 29 Waterholding measures on the edge of critit areas
Their role is to harvest and hold water from thalnvater cycle from adjacent lands, or

water from the large water cycle (even in desensins occasionally). The period in
which the water cycle is renewed depends on cirtamess (the hydrological and
pedological conditions, success of the growth otgutive vegetation, etc.).

Fig. 30 Decreasing areas of desert
The climate recovers in an area with a renewed|sm@dér cycle and it can possibly be

used as a forefront for further expansion of therblpgical recovery of land.
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7 INSTITUTIONAL SUPPORT FOR THE USE OF
RAINWATER

"To all the aristocracy and towns, | hereby issmeoader to build ponds industriously,
first to provide an abundance of fish to feed thegle, and secondly to secure the better
use of the land - to gather marsh and morass watethat it might be evaporated by the
sun and by warm winds and as a water vapor to tudiyefit the surrounding vegetation.
Furthermore, a pond is to retain a large amountvatter in times of lasting rains or
melting snow, and in doing so, shall avert the sudiiooding of downstream lands."

Charles IV, Czech king and Holy Roman emporer, 1356

The Wallachian colonization of Slovakia was accomga by brutal deforestation.

Despite this fact, one can learn learn from the@ttev conservation measures, which
effectively compensated for the negative consecesen€ their activities on the runoff of

water from the land. Part of this chapter is degtdie a relatively simple solution for

harvesting rainwater on land, through which the neater paradigm promises to return
the lost equilibrium to the water cycle in natumedao temper the negative weather
phenomena which trouble mankind today. The appiinatf the new water paradigm in

practice (its implementation) cannot be done, ha@wewithout the appropriate

legislative, organizational and financial measuoeslocal, national and international

levels. In this part, we will show ways of reformgimur relationship towards water in

favour of policies reflecting a whole new cultuneaur civilization’s attitude towards this

precious resource.

7.1 The conservation of rainwater in our history

The conservation of rainwater on land is not a m@a. Human beingd Harvesting
have collected and held atmospheric water througlioe millennia. | gng

India has a 4000-year-old tradition of harvestiamwater for domestic conservation
consumption and agricultural use, while in China tradition is even| of water in
older (6000 years). The cisterns for the harvestofgrainwater | the distant
mentioned in the Bible were spread throughout titzeeMediterranean | P2

In semi-arid regions, such cisterns existed in ywallage and their demolition by
enemies made the territory uninhabitable. The Pb@as and Carthaginians practiced
the harvesting of rainwater from the roofs of horb88 years before Christ, while the
Venetians were long dependent on such technologyolidaining water, as were a
number of other nations, tG0.

% Brad Lancaster, "Rainwater Harvesting for Drylahgs). 7
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People used diverse methods for conserving watérthese differed| o, orse
depending on the surroundings, the need for watdrthe available| methods
possibilities. The drier the surroundings, the meophisticated th
methods people had to develop (for example, thentdogy for harvesting water on

sloped microbasins used by the residents of theWBgsert or by the Native Americans
in what is today the southwest part of the Unitéate3). In lands rich in water, where it
was necessary to protect the soil on slopes frotemnexosion, the creation of terraces
developed. This method is known particularly in mection with the paddy fields of

China, but has also been used, to a greater arlesgent, in various other parts of the
world, including Slovakia. Terracing is among theshninteresting methods of retaining
water because it utilizes the infiltration of wateto the soil and the free exchange of
water between the soil and the atmosphere throaghtation.

As we have already mentioned, the central partuwbpge did not suffer Development
droughts in the past thanks to the presence ofagliforest. The Ofagricﬂlture
principal shift from natural land to cultured laimdthe region took placg in siovakia
around the 13th century through the developmentgriculture, in
which most of the population was employed. Changeshe organization of land
ownership, particularly in the distribution of sgec land, hitherto uncultivated, to
individual users, had a decisive impact on agngelt The basic production units were
smallholdings whose acreage sufficed for sustairivey family of the producers. For
early medieval tracts (farmsteads and demesnes)sttiiggle for self-sufficiency was
typical. With an increase in the population, howetee land was divided between more
families (whether owners or users) and tiny tragtsland originated. Land around
individual settlements, separated from neighborditoy or vegetational lanes, created
village territories divided into several parts:anfields for sowing winter and spring
wheat, into fallow lands which were an accessorpdsture land, into meadows, into
pasturage and into forest tracts. Each such indkgpeénunit fulfiled a proportional
component of water management, from which it fokowthat if each user of the land
retained water individually on his own territorjhen the whole area was equally
saturated with water.

An increase in economic growth occurred during X4gh century after Wallachian
the settling and permanent settlement of the teyitWe encounter thg .oionization
first Wallachian colonists, then predominantly Raritan-Ukrainian
(partially also Polish) settlers, a few of BalkanfRanian origin who
penetrated into the Uh river region and afterwatds Zemplin, Sari§ and Spi$ regions.
They gradually merged to form permanent settlemants found villages. To a great
extent, this involved territory 300 to 600 metel®we sea level which previously had
been only sparsely settled or was not settled lab&llachian settlements on Slovak
territory, which typically were based on farmstedatsated on mountain ridges (also in
the middle of forests around springs and so expandeforested areas), extended across
great parts of the present-day territory of theestdhey were built up in the White
Carpathians and Javornik mountains in the Slovillogavia borderlands while the large
forests of Central Slovakia, as well as the uppé&raNnd upper Tekov valley, were also
significantly reduced by their activities. In theith century, Wallachian breeding
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(pasturing) of livestock became increasingly commamd meant| The need for
economic exploitation of highlands which were utehle for | conservation
agricultural cultivation. And here we can observegadual and| and
systematic building up of untilled boundaries (sapag fields) | antierosion
preventing the spontaneous erosion of soil. Thiasuee was a rationg ™Mc2sUres
compensation for the destructive deforestation && tterritory
(predominately by uprooting and burning). We calh se today in the SpiS region, for
example, largely bare peaks altered by these wateservation barriers.

In remote, particularly submontane regions of tieisitory, there can Functionality
still be seen traditional terraced land where ottarsstic narrow belts of ¢ 514

land divided by untilled boundaries lie in horizahlines along sloped measures
terrain, which, thanks to its inaccessibility, wa®t affected by
communist collectivization. Regardless of their dderm neglected state, these are
minute patchwork territories of ecological stalgilit which despite long-term
deforestation, demonstrate considerable vitalitye Wso find similar territory in the
surrounding countries of Central Europe. Remarka#yl preserved is the character of
the cultivated land in Transylvania (today's CdrfRamania), for example, where a giant
mosaic of tiny fields resembles the structure & ¢ently differentiated and mutually
complementary cells of healthy tissue. Despite fhet that the majority of local
watercourses are not regulated, this "backwardt' @aRomania has not been affected
even when the rest of the country has had to baittedestructive floodingFig. 31).

Partitioning of agricutural land, which for cenesicreated a living ang lanori

. . gnoring the
working environment for our ancestors, reflected oaly on land | gyperience of
ownership relations but also on a particularly ma@nd viable structurq ancestors
that allowed for different forms of land husbandihe ability of the
land to retain and evaporate water was in the ggsificantly higher despite the fact that
partitioning of land was not developed for this talar purpose. The intensive
economic activities of humanity in such a systethmbt interfere with the natural water
cycle on land because it was compensated by meastieh preserved the ability of the
land to retain water. This system of cell arrangetndating back to the "dark" Middle
Ages, has, however, changed over the last few @scado a vast monoculture, the
dictate of "scientific" theories and "the invisillland of the market" variously combining
to bring about this change. The land has becomedtanaus and less structured, today’s
gigantic drained areas around human settlementspoodtural agriculture on vast and
undivided fields, decimated forests and regulatateveoursess all having lost the ability
to retain water in a country.
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7.2 The principles, methods and advantages of conse  rving
rainwater on land

If humanity realizes that the impact it has hadtlus land has accelerated the runoff of
rainwater, surface water and subsurface water faugl damaged the small water cycle in
all the ways mentioned in this publication, it slibbe prepared to take measures for the
renewal and recovery of this cycle. The essen@phctical solution to the problems of
climate change and water shortages caused by haotaiity is the renewability of the
small water cycle by human activity through a finfiplementation of comprehensive
measures in individual communities and towns. Thegelve measures which will limit
the accelerated runoff of water, increase the wateservation capability of watersheds
and improve the water balance in the region. Timesasures are often identical to anti-
erosion measures. Rainwater harvesting in the pladeere rain falls, before its drops
become part of an uncontrollable current, are éscemeans of flood prevention. These
are simple measures in the field, similar to cartiaind planning and land modeling
processes.

These measures have a technological, biotechmchtechnological- :
preventative character. Technological measuresudieclabsorption| Téchnological

. . L and biotechnical
ditches through contouring (lengthways shallow miage ditches), thg - o

use of sloped depressions as absorption and résexeas, the

building of depressions, absorption pits, waterimggl and limans,
improvement of surfaces and the conservation afiittation of rainwater, small dams or
wells for watercourses, streams in gulches or essithe building and maintaining of dry
reservoirs, polders, keeping and using the mearadevatercourses and blind tributaries,
objects for linear protected dams for the dischrygof water into flood plains, the
building of small weirs for water reservoirs anchgs, the damming of streams and anti-
erosion measures in forests and the likgg.(32, 33, 34, 35, 36 Biotechnological
measures are similar but barriers to surface rgnafe associated with the use of
vegetation—borders, grassy belts, belts of shryblzrd trees, unused grassy and
forested areas and the like.

Examples of technological-preventive and economé&asuares coul :

. . . Technological-
be the application of favorable procedures for grtihg the soil (for preventive
example, contour plowing), ensuring the replenistimef water | measures
sluiced away from a territory, the limiting of neegetation hard
surfaces in built-up areas, replacing impermeahlefases with permeable ones,
constructing protective barrages further from teaters of water flows, forbidding the
clear-cutting of forests, the protection of forebtsm damaging insects (for example,
bark beetles), optimal structure and quality oefts, land-planning or a new division of
agricultural ground, the applying of integrated mgement and a more sensitive use of
the land with the view towards conservation and-arsion measures and the like.

With the conservation of water on land a numbepririciples need to be kept in mind.
The first of these is the principle eblidarity (the principle of water tolerance), which
means that along with the design and implementaifaneasures which have an impact
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on the runoff conditions from a territory, it is agssary to take intd

. . Tolerance,
account the whole watershed area. Measures imptedheim one| ,,inership,
territory cannot worsen the situation downstreamupstream in the| subsidiarity
watershed region. The principle pértnershipmeans that an analysis ¢
the situation in the area of runoff levels from earitory (community, town, region,
watershed and the like) and important decisionatedl to proposed measures for
increasing the water-conservation ability of a kbatent area and decreasing the process
of erosion, only take place after discussions andual agreement of all deciding
partners in the basin—administrators of water flowgriculturalists, forest rangers,
representatives of communities and town, landowaatsexperts. Anti-erosion projects
and technological measures for increasing the wadaservation capability of a water
catchment area should be prepared and carriednoat partnership. The principle of
subsidiarityas defined in the Middle Ages and applied in thg B this case means that
with practical administration and protection of watesources in a territory and in a
watershed, that what can be done better by a ltavet of public administration should
be left to be handled on this level. This princigeints to the need for effective
decentralization of activities which can be betfaster and more cheaply handled by
local or regional self-government.

Alongside the previous principles, which are bowmdwith human .

L : . . Renewing the
activities, we can qlso mention the principle aljtor(.eg.u.latlon of autoregulation
natural processeswhich means that the effect of an initial and-ol of natural
time investment into the implementation of measuessied at| processes
improving the water balance in an area should gifyleach year
show an improved quality of the natural environmamd should raise the effectiveness
of other local measures implemented in the tegritdhe principle ofa sustainable
solution is bound together with this principle. Carryingt adhese mentioned measures
helps eliminate some of the reasons for unwantedaté changes caused by human
activities. Thus, better living conditions and adteeenvironment for future generations
will be created, the natural potential of the tery will remain the same and the
protective and autoregulating functions of ecosyistvill be preserved.

7.3 The civil sector

Alexis de Tocqueville, in his worRemocracy in Americérom the first | the citizen —
half of the 19th century, wrote that while in Frartbe government way§ the most

at the forefront of great new projects and in Endléhe aristocracy, in important and
the United States it was civic associations thafopmed this functiorf® | institutions

In a democratic society the most important "insitol’ is the citizen. He

has a far more important function, but also gresgeponsibility, than a citizen in a non-

democratic society. And just as we believe mora igreat number of humble drops of

rain than in their concentration in rivers, thelwihd the conviction of common citizens

has, in the application of the new water paradigreater meaning than the decrees of

®1 Alexis de TocquevilleDemocracy in America, |IChapter V
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government (although the government, like the riedso has its function). Similarly, as
in all other cases, in the case of the conservatibnvater on land, the tasks and
authorities should be divided in agreement with phmciple of subsidiarity; that is,
institutions on a higher level should handle a givem only when it cannot be more
effectively resolved on a lower level. The needctmserve water in a country is
worldwide, and therefore institutions on all leyalscluding national and international,
should be involved. This all depends, however, loa initiative of citizens and their
ability to determine which activities they can mgeathemselves (those where
intervention from above would be counterproductigayl which they would need help
from higher levels with. The individual citizen, arcitizen in association with others, has
an "open space" in which to do more than just bty.d

Citizens who embrace the thinking of the new wataradigm will [ 5 ccipie
advocate the protection of water in their own lgyispace and actively involvement
demand from public administration the preparation @ealization of| of citizens
measures aimed at the renewal of the water cychm iarea. Citizens o
cities and communities will see the water in the@wn surroundings as the
thermoregulator of climatic conditions and rainwais the main "provider" of sufficient
water resources in the region. They will suppoe tieed for building catchment areas,
depressions and evaporation surfaces for the rénswthe country and land-planning
purposes. They will request a separated supplyiokidg and of utility water and will
encourage repeated use of water.

Non-profit organizations which embrace the thinkfgthe new water| "

. o . pportunities
paradigm will inform the public about the need éonew approach tq for non-profit
water and call for access to information aboutapplication of the new| organizations
approach in practice. They can initiate differestal projects aimed a
improving public and civic interest in water resces in the region (projects, for
instance, aimed at cleaning a river and its suilongs, foresting unused plots of land,
projects with slogans such as: “Let's not pay for sluicing away of rainwater, let's
conserve water in an area“, projects aimed at elegroundwater, better use of utility
water for different purposes, and the protectiordiofiking water). Some of them can
focus on encouraging leadership and on buildingctygacity of civic and community

involvement in the given problem. In addition, thegn create a new space for the
development of business philanthropy and donatiowsrds implementation of the new
approach to water, both for developed, as welbasgiéveloping countries.

Owners and co-owners of flats, buildings and prypevithin the Property
residential areas of municipalities and towns sthoateate water| gwners
societies in the interest of coordinating and einguthe retention of
rainwater on built-up land. In rural areas outsafiéowns and municipalities, particularly
in agricultural and forested areas, water coopagataimed at retaining water in an area
could be established through the active partiogpatf the owners and users of these
lands. Local councils could then become respondifMiecoordinating such measures
effectively. Meanwhile, independent owners of néigitng buildings and property in the
territories of individual towns and municipalitiean, among themselves, establish water
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societies and cooperatives, if such a form of ccatpen makes it easier to to carry out
technical and biotechnical measures aimed at isgorgathe water-conservation
capability of catchment areas and decreasing theeps of erosion in the given territory.
Cooperation is also required for the maintenanceswafh established systems. Anti-
erosion and water-conservation measures serve Her long-term protection and
improvement of their own property.

Independent media could focus on the hitherto régteimportance off Independent
water in discussions about climate changes. If nedia were to| medi:
embrace the principles of the new water paradidyay tould becom
"watchdogs" guarding against the indifferent andleixative treatment of water on land,
treatment which, in various ways, is damaging theerests of the majority of the
population.

7.4 The economic sector

Thanks to its economic and management dimensian,néw water[ | .
paradigm represents a fundamental innovation irreatireconomic| and a noble
practice and is thus becoming a basis for new enanthinking and | impulse
knowledge. At the same time it provides a noble aadially useful
impulse for the economic sector as well as an a&setprivate and state water
management, agriculture and forestry companieseSirom the viewpoint of the new
water paradigm land managers are important, it W@l in their interest to ensure
sufficient water resources, minimize extreme weathad increase the economic
usefulness of the land. They are important socanemic partners in preparation of
integrated management plans for watersheds asawefl their implementation. Usually
they promote only "sector” policies, but in the nemater paradigm, they will take on an
umbrella role in the integration of management afex resources on land.

It is necessary to accelerate the preparationnfiegrated managemerf”

. o x . grated
of surface water and rainwater on land and its @mgntation throughl management
involvement of the coordination centers in closepmration with local| and
government. Water companies could focus on buildigial system for coordination
the supply of drinking and utility water in an araad decentralizeq centers
systems for purifying sewage water with the use different
recirculation systems. The water removed from atéey could, after multiple uses, be
purified and returned to the ecosystem.

Adopting the new paradigm will create space for lxygrs to carry out )

. : . . . .| A meaningful
jobs which are relatively simple and undemandingunprecedented in . ease in
scale. These will be both in the public and themanterest in terms of employment
protection of property (soil, buildings, moveablbjexts). Employing
workers for the preparation, implementation andmegiance of anti-erosion and water
conservation measures means valuable employmenttopfies both in the affluent and
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the developing world. This can then serve as arulsapfor economic and social growth
and the elimination of poverty in economically weedgions and in regions with
insufficient sources of water.

A new challenge will arise for landscape enginearshitects, urbanists 4
construction engineers and planners, because aerewf zoning and pianning
landscape planning for populations and whole regmarl dawn. The
need will arise for a thorough local reappraisadadinage relations and the design of
anti-erosion and water conservation measures onatiee Opportunities will arise for
rating agencies to make independent evaluationanofarea's water balance and to
determine its value and competitiveness from thlevpoint of water resources. With
knowledge of the new paradigm, scientific commuasitcould devote their attention to a
detailed mapping of the mechanism of the waterecgslwell as to predictions of climate
change patterns.

In building greenfield sites and residential builgh, in restoring an
renewing original historic and urban structuresgd am rebuilding old
and building from scratch new industrial parks, minog and
amusement centers, developers should include iortten and architectural strategies of
such projects the two key principles: "Retain waterthese plots of land!" and "Allow it

to evaporate and infiltrate into the soill* Retaigi rainwater and creating greenery
should be two of the main ways of making the emvments of building centers and
parks more attractive.

Developers

Construction, garden and design companies canhasamnpulse of the
new water paradigm to implement local flood prei@nimeasures, tg
renew the water regime in an area and to apply approaches ang
technologies which create good conditions for consg, absorbing
and evaporating rainwater in combination with vageh. Supply companies can focus
on widening their assortment of machinery, matsritdchnologies and services, all of
which will be needed to carry out these measurdharfield, as well as to ensure their
subsequent maintenance.

Construction
companies

The new paradigm creates the need for rapid fimgnaf prepared
projects and the implementation of conservation amdi-erosion
measures in a territory. The banking sector cap tiebugh a system o
loans to the public as well as to the private gedio recent years
insurance companies have registered a sharp growttsurance events, so they could
focus on supporting the creation of authorized eesntvhich will allow anyone to gain
the knowledge needed for assessing the state afdher cycle over their own territory
and property, as well as for preparing and takiagessary measures in the field. They
can add to their range of services complex new ym@dwith suitable motivational
schemes for their clients.

Banks and
insurance
companies
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7.5 Public sector institutions

The relationship of society to water up till nowndae understood as
combination of mutually isolated policies and ofrigas personal
attitudes and approaches (the obtaining and digoiarof water, the
production and supply of drinking water, purifyimgaste water, watel
for agriculture, water for manufacture and indussyrface water anc
bodies of water, protection from floods, water fioefighting, household drinking water,
water for my garden, rainwater from my roof, et@lhe sectoral, departmental and
professional approach has hitherto been charaetety interior and mutual isolation
(expert, professional and supplier-purchaser) apdhe strictly limited authority of
separate bodies of public administration. Eachceftieals with water from one specific
point of view. The EU general directive on wateirdotive 2000/60/EC) attempts to go
beyond such an approach, however, and points @uinéed for one which is more
integrated.

Current
approach
versus EU

policy

Through the acceptance of the new water paraditpa, protection,
perception and use of water becomes genuinelyratied) and holistic in
the context of recognizing the significance of thater cycle and the
conditions of the given catchment area. Understandihe basic
circulation of water in nature is relatively simmead can be precisely
described and quantified. The adaptation of thiswkadge for political
decisions, however, requires a fundamentally catal and systematic
transformation of traditionally isolated local wateanagement policies into ones which
are fully integrated. For administrators of watessins, an opportunity arises to
reevaluate the management of administered bodiesat#r and the infrastructure in the
region. In the sense of the new water paradigny tam emphasize flood prevention
(anti-erosion measures and measures for increaiagwater retentiveness of all
microcatchments in the administered territory), #ne create, in cooperation with local
government, an institutional starting point for theegrated management of watersheds.

The paradigm
asa
framework

for an
integrated
approach

Educational institutions should include knowledgetlze new water
paradigm in the curriculum both at schools and extters of adult
learning and also connect such education with theds of people
already working in these fields. This includes supgor education of

Opportunities
for
educational
institutions

local government representatives and support termational exchange

programs. The study of water in the context of tleev water paradigm could also
become a subject of study at universities and fiesul Such a subject would have

scientific, research and above all study prograypeal for other university subjects.

Towns and municipalities are key partners in thecpeal introduction
of the new approach to water and the implementatifotihhe necessary
technologies, biotechnologies and economic measarasegion. They
can be highly effective in pushing through the vateg measures on thei

Opportunities
for towns and
municipalities

territories at the same time as respecting theciplies of partnership, solidarity and
subsidiarity. Above all, towns and municipalitiesish endure the results of floods and
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climate changes which decrease their competitigeenBsey should therefore focus on
promoting an intersectoral and integrated approasfards renewal of the water cycle on
their own territories as a starting point for tle@eomic development of their locality. In
practice, this means carrying out studies and pt®jaimed at: increasing the water
conservation capability of the territory (withinetitommunity or outside of it); lowering
water-caused soil erosion; creating and fulfillingptivational economic programs for
residents and landowners in the region (regionaliaidtration can, for example, provide
special tax relief and one-off subsidies for every® water conservation space created or
for an anti-erosion alteration to lands on commutahd); or for judging the impacts of
investment activities on the runoff levels in anear Neighboring settlements,
associations of towns and municipalities, as wsllwhole regions, can create and
coordinate a common system of flood preventionemmburage the creation of their own
consulting, informational and competency centerstéwvns and municipalities and for
owners of land and buildings. This cooperation ddake the form of "self-administered
basins" organized within the borders of hydrolobwatersheds.

The essence of the measures which need to be passt national| opportunities
level is the implementation of structural refornes Water managemen| for

and economic policies (including agricultural anorestry policies)| government
which influence the runoff conditions on a terntofThe new water| Policy
policy should focus on the overall protection cé tlrritory with a focus
on improving the water balance through the passfngeasures aimed at increasing the
water retentiveness of a watershed and decreasmggses of erosion. The state should
create the conditions and a framework for the syate integration of hitherto isolated
sectoral policies relating to water and the assediaarmonization of subsidy policies. A
complex approach to water requires passing a nemerggon of laws, including
acceptance of a law on the protection and renefsteileosmall water cycle in land, which
would lead, in addition to other things, to an asseent of the influences of investment
activities on the water balance of a territory. Ni@vancial, supportive and motivational
instruments for the implementation of the new apphoto water can then arise. The state
budget can provide support for the application wii-arosion and water conservation
measures, support for the preparation and impleatientof community projects, as well
as support for research activities and the momi¢pof newly proposed and implemented
measures in a region.

If a community of states (the_European Union) alubg instituti_ons Opportunities
(for example, the United Nations) embrace the neatew paradigm,| for

they could assert their authority and declare tsejpport for a new| international
approach to the protection and conservation ofwaiar on land. In| institutions
some cases, these institutions have the powerst@fational law in
their hands, powers which, if needed, could be ustdourse, in appropriate measure
and in respect to the principle of subsidiaritystJas the UN was able to mobilize itself
into supporting research into the relationship leemvclimate changes and greenhouse
gases (IPCC) and into specific steps in the impigat®n of the conclusions of this
study (for example, the Kyoto Protocol), it shoalt similarly with respect to the role of
water and the need to renew the small water cywmles the continents. The updating of
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developmental aid from countries or communitiestates to developing countries could
gain this new dimension. In the interest of momitg@mprocesses, it would be necessary to
add to the list of indicators of sustainable depeient inAgenda 21monitoring of the
renewal of the small water cycle over land (oventoents, regions, settlements) and
implementation of comprehensive systematic measdoes increasing the water
retentiveness and comprehensive anti-erosion mesmsitihe renewal of the small water
cycle and the integrated management of water ressuin catchment areas could become
a new pillar of agricultural, forestry and water magement practice, of a policy of
solidarity and of the policy for rural developmefgiving opportunities for a more
meaningful reform of the Common Agricultural Poliofythe EU). The currently running
campaign of the European Commissidiour Impact on Climate Changé#srough four
activities—slow down, switch off, walk and recycleeuld be expanded to include a
fifth activity—conserve rainwater on land.

"The day is not far away when it will be considemang for an engineer inexpert |n
biology, and especially in ecology, to go into gtwntryside with a sliderule and the
intention of altering it...The natural landscape hmesen so violated by these alteratiops,
left so shabby and superficially civilized,, thabs everyone will feel the need to retyrn
to our countryside its true meaning and value. Bodv to do it? A simple return to ifs
original state is not possible. We cannot efface plopulation from the surface of the
Earth, nor can we decrease its economic prograssdsird of living and involvement in
global production processes. We cannot annul anwlwdit has distinguished our age
from the period one hundred years ago. On the eoptrwe have to lift everything to|a
higher level That is why we cannot keep the countryside in agestof economi¢
primitivism. Nothing remains but to alter the cumtestate of the country, but to alter|it
more intelligently, more naturally, more professatiy. And this is a task so noble that
all missions of the nineteenth century pale befiote

Vladimir Ulehla, 194%

7.6 Financial costs and the assessment of scenarios

The econom_ic and systema_lti_c assessment of the tadyesnof the new Undemanding
water paradigm can be divided into three areas-etr@® balance financially
calculations, economic calculations and the assassiwf social and| and timewise
environmental costs and benefits of individual scms. Balance
calculations allow for the monitoring of the watelance of a territory and the analysis
of weather patterns (temperature patterns, pretipi totals, the progress of water
runoff from a territory, changes in the groundwal@rels, changing
levels of soil dampness, the frequency and incidef@xtreme weathe| Aspects of
events). Economic calculations of the separateeptefl patterns includg 2SS€ssind
adaptation costs, damage caused by extreme weatets and a fall in advantages

%2 Cited from the publication of Michal Ecological Stability pg. 217, Veronica, Brno, 1994
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the economic performance of an area. The assessofiestcial and environmental
aspects also includes various assets which cameneadily expressed financially.

The two primary scenarios from the viewpoint of thew water
paradigm are derived from the most widely assureedans for climatg
change. The scenario emerging from the decisive ablthe growth of
CO, concentrations in the atmosphé&teyhich is the widely preferred
theory both scientifically and politically, assumébat adapting and improving
technology in order to lower emissions of £©® a necessary step in responding to
climate change. This scenario indicates that byetigeof the 21st century, the following
are to be expected: an increase in global tempesatn the surface of the Earth of 5 to 6
°C; a rise in sea levels of 50-100 cm; a growtlextreme weather events; economic
damage costing up to1-5% of the annual gross daywsiduct of every country, with a
possible acceleration of up to 20% in the mostwmizble circumstance$.Thus far, not

all the financial costs of adaptation are knowejrtigradual rise is expected, however.

The IPCC
scenario

The scenario emerging from the decisive role ofewat the recovery o S .

. cenarios
the climate through the renewal of the small watgle takes a morg it the use
active approach, and in the case of worldwide imgletation of the| of water
new water paradigm’s measures, promises a fundameatdross-the-
board decrease in extreme weather events on lanchor@ uniform spreading of
precipitation over the continents, effective prtéitet from flood and drought, the
stabilizing of the climate in rural and urban eoviments, enough water for the growth of
the world population, as well as a decrease in @mon damage caused by extreme
weather events. With regard to the increase irgltbleal temperature of the Earth and the
rise in sea levels, it promises a moderating of ttige to that extent to which they come
from human activities in transformation of the sied of the land. In the understanding of
the new water paradigm, this is a significant pErtwhat humanity is really able to
influence.

The new water paradigm represents, both in termsnod and money, a manageable
investment in relation to the stabilization of ttlenate and the provision of sufficient
water. For implementation of the necessary measiuwes country, investment costs
worth roughly 0.1% of a country's annual GDP shauiffice for a program lasting 10-15
years. These costs are equivalent to the costsededor the preparation and
implementation of comprehensive flood preventionasuges (anti-erosion and water
conservation measures) in a region. The averags tmrsthe renewal of the small water
cycle (increasing water conservation capabilitiesvatersheds and decreasing erosion
processes) in aunit of land depend on its charact®rphology and the need for
intervention. There are diverse technological amadebhnical measures which do not
require massive investments and investment corgtrucOn the contrary, they are
undemanding and utilize local materials and thealldéabour force. The maintaining of
measures implemented in a territory would be hahbtle landowners. This would cost,
however, only a relatively small amount and wouldate a useful level of primary and

83 http://www.ipcc.ch/
% http://www.hm-treasury.gov.uk/independent_reviestesh_review_economics_climate_change/

87



subsequently secondary employment on a global .leféle average costs for
implementation of the new water paradigm for eaghase kilometer of land therefore
represents 0.1% of the annual GDP of a country iphieil by the number of years
needed for implementation and then divided by thea af the region (in k. This

approach is less expensive than any other solutidnsh have already been tried or
proposed.
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Fig. 31 Terraced slopes in Romania's Transylvania region
Territories altered by this ancient method showedd@mirable resistance to flooding.

Fig. 32 An example of cascade ground tanks for rainwater haesting on slopes
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Fig. 33 A diagram of technological measures for the proteain of land against
erosion and for rainwater harvesting and conservatn on land

Fig. 34 Detail of a pipe for taking rainwater to a gravel gall drain ®
Utilized for the infiltration of rainwater from th@ofs of houses to the soil and subsoil.

% City of Tucson — Water Harvesting Guidance Man@atlinance Number 10210, October 2005, page 16
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Fig. 35A Water Forest in the High Tatras — building waterconservation measures

on territory destroyed by a natural disaster
An example of the renewal of vegetation and hydyiclal stabilization of a territory

through the conservation of water on land.

Fig. 36 The KVP housing estate in KoSice — protection of bldings under a slope
with the help of earthen bunds along contour lines
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8 CLOSING SUMMARY

The circulation of water in nature takes place digio the large and
small water cycles. Humanity, through its actistiand systematig
transformation of natural land into cultured laadcelerates the runof
of rainwater from land. Limiting evaporation andetinfiltration of

water into the soil decreases the supply of watéiné small water cycle. The equilibrium
of the water balance in the small water cycle issthisturbed and it gradually starts to
break down over land.

Disruption of
the balance of
the water
cycle

If there is insufficient water in the soil, on itsirface and in plants
immense flows of solar energy cannot be transformidthe latent heat
of water evaporation but are instead changed ietwsible heat. The
surface of the ground soon overheats, and as H,r@suweakdown in the
supply of water from the large water cycle arisesrdhe affected land
Local processes over huge areas inhabited and ieglby human
beings are changed into global processes and wibepses that occur without the
assistance of human beings; together they crea&eptienomenon known agobal
climate changeThe part of global climate change caused by huawivities then is
largely based on the drainage of water from thd,l#éme consequent rise in temperature
differences triggering off mechanisms which causesa in climatic extremes. The
disruption of the small water cycle is accomparigdjrowing extremes in the weather, a
gradual drop in groundwater reserves, more freqfieoding, longer periods of drought
and an increase in the water shortage in the region

Climatic
change, the
growth of
weather
extremes

The part of climatic change which is the resulthafman activities
(draining of a region), can be reversed throughtesyatic human
activity (the watering of a region). The waterinigand can be achieveq
through saturation of the small water cycle oveandlaby ensuring

Opportunity
for renewal of
the water
cycle

comprehensive conservation of rainwater and englt® infiltration

and evaporation. This can help achieve the renefathle small water cycle over a region
and fundamentally change the trend of changingationconditions: it can—to reverse
the trend of regional warming—temper extreme weaaéivents and ensure a growth in
water reserves in the territory.

The renewal of the small water cycle over an dneaever, depends ng
only on the extent to which the area has been dadhagt also on g
number of other factors. In the case of Slovakia,oan expect visiblg
results relatively soon (10 to 20 years) after npéntation of thesq
measures. The financial costs of these specificsurea are moderat
sums which can be allocated from state, public pridate budgets. Support for the
implementation of far-reaching measures should ibked pro rata to each 1 °nof
reservoir volume built in the ground or to antigom measures carried out. The
implementation of water conservation measures shauttil the renewal of the small
water cycle and the maximalization of a stable whaé&ance in a region, replace previous
investment measures, which only served to acceldénatrunoff of water from a region.

Relatively
undemanding
financially
and timewise
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The conservation of rainwater on land "in situ” dinel conducting away
only of the natural surplus of water in a region'ésndicio sine qua
non"—a condition essential for ensuring environraksecurity, global
stability and the sustenance of economic growtlfilkug these conditions should be of

interest to each individual and each community.sTikithe first time in the history of

human civilization when the impact of mankind'siattes on the water cycle and the
decrease of amount of water in it will have to baleated. The statement of the Sri
Lankan king, Parakramabahu the Great—"Not evemglesiraindrop should be allowed

to flow into the sea without it first having beesed for the benefit of the people..." —is
the best summing up of the new water paradigmaterstent which, in the coming

decades, should become a slogan for mankind cdfimidpe preservation of civilization.

Every drop
matter:
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TEXT FOR THE BACK COVER:

Not even a single raindrop should be allowed tevfinoto the sea without it first having been
used for the benefit of the people...

King Parakramabahu the Great of Sri Lanka (115386}

In his groundbreaking boolAn Inquiry into the Nature and Causes of the Wealth
Nations Adam Smith introduced the example of smiths wdn@en with the greatest of
effort, could not make more than one pin per daye Tivision of labour increased
production of pins twenty-fold and simple machimeany thousand-fold, so that what
was once a luxury item soon became available ta #we poorest of families. This book
is concerned primarily with the importance and iorigf the wealth of water on land. Its
ambition is to change the current practice of dngjrwater from large areas of land, a
process caused by deforestation, agricultural iiesvand the sluicing of rainwater out of
cities. The draining of land means decreasing enajom, the transforming of solar
radiation into sensible heat and a change in thatdlows of energy in the area. This has
an impact on the circulation of water on land amisa in extreme weather events. The
authors of this publication see a solution to tha®dlems in relatively simple rainwater
harvesting and water conservation measures, tlietkat people in different parts of the
world applied for hundreds or even thousands ofsyeBhey served for the acquiring of
new sources of water and are often identical t@digrevention and anti-erosion
measures. With widespread use, they can multigyathount of water which can be used
by people, nature and manufacturing; at the same, tthey can temper micro- and
macroclimatic problems caused by the drainage ofl land thus contribute to the
recovery of the climate. The panel of authors, @h@ome from an environment of non-
governmental organizations, offer this book to ameyanvolved with water and its
management as well as to public sector institutimng private investors, and more or
less every single citizen of our planet.
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