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KoSice Civic Protocol on Water, Vegetation and Clirate Change (and COP15)

The uniqueness of the Earth from the climatic pahtiiew is the result of a combination of
favourable conditions, in particular the evolutioilife over the course of several long geological

periods.

It was above all micro-organisms and later alsatglavhich over billions of years changed the
physical and chemical environment of our planetfinoiging and later stabilizing certain

parameters, including the climatic ones such agpéeature and humidity, and the chemical
composition of water, soil and the atmospherehla way they created the necessary conditions

for the emergence of life as we know it today.

The living world influences the climate mainly bggulating the water cycle and the huge energy

flows which are closely linked with it.

Natural ecosystems also develop in the long terwatds the stabilization of closed cyclical
processes (e.g. the water or carbon cycles), wbesial medium is water and which efficiently

manage solar energy with minimum material losses.

Transpiring plants, especially forest growth, destate especially efficient water management.
They work as a kind of biotic pump, causing humidta be sucked up out of the ocean and
transferred to dry land. Forests in the hot and ereté zones always appear cooler during sunny
periods (particularly on infrared satellite photosfomparison with their unforested surroundings.

These and other aspects make for perfect climateniig systems on the Earth.

For millions of years the self-regulating mecharssai the biosphere have proven capable of

correcting a wide range of unfavourable effectg. (Buctuations in solar energy, meteoric impacts,



volcanic activity and the constant emergence db@arfrom the depths of the Earth), which have

continually disrupted the Earth’s climatic stalyilit

Through their activities over thousands of yeatspan beings have been destroying ecosystems
which have the potential to actively correct thoséavourable effects. People themselves began
disrupting and changing the closed cycles of nafline combination of these effects is gradually

raising them to such intensity that nature itsglhot able to correct them, and in certain cases a

state is being reached which is not permanenttagable.

A prime example of opening the closed cycles otirstecosystems is the deforestation of land,
accompanied by increasingly rapid run-off of raiteva marked acceleration of soil erosion,
reduced content of organic material in the groward] substantial reduction of its ability to hold

water.

Another example of creating imbalance is the ctihgcof rainwater from the built surfaces of
modern towns and villages and its channelling athagugh sewers into the rivers and the sea.
This water is then lacking in that part of the laitdis lacking in the soil, the vegetation, the

underground water reserves, and last but not &sstin the atmosphere.

Destruction of the hydrological cycle by humanstutiss the sequestration of carbon in the soil
and vegetation and by this reduces the water staragacity of the area. Reduced water content in
the ground leads to an increase in oxidation psEeand to losses of organic matter. Dry periods

and heatwaves reduce photosynthesis and increagedbability of incidence of large forest fires.

Draining of the land requires special attentionawse of its influence on local climate. The
presence or absence of water has considerable tropathe distribution of energy between the

two principal heat flows: latent heat of evapomatand sensible heat. If water is not sufficiently



present in the land, a large part of the incidesédr energy is changed into sensible heat, and th

temperature of the environment sharply rises.

Every year around 54 750 km? of the Earth’s surfaagbanized. We calculate that if evaporation
from this surface is reduced by 200 mm each yban in those same areas each year an additional

approx. 6.7 million GWh of sensible heat is prodlce

If we apply the same reduction in evaporation ® 187 000 km? of the Earth’s surface which is
deforested every year, then we get a further appt@4 million GWh of sensible heat being
produced. This amount of heat alone in itself rdyglorresponds to the annual production of

electrical energy by the human population of thépt.

Enormous amounts of sensible heat originate fraendhd surfaces transformed into farmland or
urban environments in the past. Fields and pasanmdsuilt areas on all continents together make

up around 55 million kmz.

The flow of sensible heat released through drairohghe land is locally several orders of
magnitude higher than the effect (through amplifaa of radiation) of greenhouse gases, and

greatly outstrips differences in the albedo.

These so-called “hot-plates” originating from thend transformed by humans prevent the
condensation of water vapour in the atmospheres tawsing a reduction in precipitation over
these areas. They also produce temperature diffesewhich trigger the development of climatic

extremes. These phenomena in drained areas arenoifitakenly ascribed to greenhouse effects.

There is a growing number of scientific articlesatieg witness to the climatic impacts of

extensive damage to vegetation and the naturarwatée by human beings.



It is shocking that the relevant leading institngoin the world have so far paid insufficient
attention to the climatic function of the coexisten formed over geological eons, between
vegetation and the water cycle, and the human mlisiu of this relationship through land

management.

If climate change science does not include allvaglé parameters into its theories, models and
scenarios, the adequacy of the science is threhtémedurn, the policy recommendation will be
inadequate or even counterproductive. If water aggetation are not properly included, a large
part of human activity (land management) and itsling/heating effects will be unexamined..
This may also reduce the motivation of those resiinbm to undertake unpopular counter-

measures.

The principal mitigating and adaptive measure tmlzat that part of climatic change caused by
human draining of the land and/or alteration ofviégetation cover is the renewal of the water

cycle (through a consistent programme of rainwegtmtion) and vegetation in damaged areas.

The importance of renewing and protecting the @htuegetation and water cycle is in no way
inferior to any other measures for the recoveryhaf climate. For this reason we demand that
local, regional, national and international comntesi devote appropriate attention to these

factors.

Signed in KoSice, dated 26th November 2009



Introduction

Water and vegetation are of primary importancetifigr global climate. Human activities cause

large deforestation, desertification and urbanmratiates of hundreds of square kilometers daily.
Unsustainable land use causes huge impacts oratiegetwvater and the climate. These effects are
overlooked in the common climate change debategréup of Slovak, Czech and German

activists, the authors of this civic protocol, hdecided to make its voice heard and to draw
attention to this problem.

The authors set out from the background of thodghtloped by the People and Water NGO and
the Association of Towns and Villages in Slovakize ENKI public benefit corporation (Czech
Republic) and the Technical University in Berlingi@any). Apart from mutual friendship, what
links the authors is their interest and severatyed work spent in investigating the impacts of
human activity on the water cycle, vegetation ahdnges in energy flows in the land, which all
have their effect on the climate. The authors areegular contact with both scientific and expert
communities, and they are aware of the growing arhofiresearch material which, in the shadow
of popular theories, draws attention to those aspeaclimate change which are also the subject of
this protocol.

The text of the protocol itself is not exhaustitemakes no claim of establishing the ultimate

truth. The authors share the awareness that “kmigelés proud that it knows so much; wisdom is

humble that it knows no more” (W.Cowper). The gttt texts are intended to draw attention to
the comprehensive nature of climatic change, payiogage to the considerable perfection of
natural systems, but also criticizing human arreganhich does not respect the holistic character
of natural processes.

The immediate impulse for compiling this protoceltihe approaching summit on climate change
in Copenhagen, in particular the tendency in trep@rations for this conference indicated by the
negotiation text, which, despite protests from sqraessional organizations, ignores water and
vegetation as essential components in the Earimsiic system. In this sense the attached text is
an urgent appeal to remedy this situation, to haster and vegetation placed at the centre of
attention of the responsible institutions at theasuit and after it.



Our Blue Planet

Planet Earth is unique in many different aspedtsclimate being one of them. This is a result of
its optimal location in our solar system, its geqgical features, its bounteous occurrence of
water and the evolution of both the living and nieimg natural world found on it. The synergy of
all of these and many other circumstances allowsttie existence of complex and mutually
sustaining ecosystems, and in particular mankirdchwvis, thanks to his intelligence, the steward

of all creation.

The optimal distance of the Earth from the Sun mahat our planet does not suffer excessive
heat like neighbouring Venus, or an excess of tkédMars, our neighbour on the opposite side of
our orbital path. The proximity and gravitationatde of the giant planet Jupiter protects the Earth
from frequent impacts of comets and asteroids &edcatastrophic consequences such impacts

would have on our climatic system.

The relative stability of Earth’s orbit, the indlirof the planet's axis or the speed of its rotasitso
appear to be optimal from the viewpoint of mainiana small difference in temperatures. The
size of our planet seems be just right from thadyaint of sustaining an atmosphere sufficient for
the further balancing of temperatures. The amotimtadver present on Earth, divided into its latent
states, is large enough to fulfil ecological annatic functions, but not so large that it would

flood the continents.

In such a short text, it is difficult to pay sufeat homage to the gift of water. Water makes our
planet uniqgue among the planets: it provides ihwi# characteristic appearance and beauty when
seen from space and up close; it is the blood wmgh of functioning nature. But where did the
water on Earth come from? Scientists are not ieegent whether a substantial portion of water
on Earth is the result of its original compositiovhether it originated from meteorites or comets
which bombarded the Earth during the early stadets aevelopment, or whether it is a result of

biochemical reactions of elemental forms of life.

The last of the mentioned hypotheses credits pyokiar bacteria, which rank among the first
forms and pioneers of life on Earth, as probablystay the biochemical transformation of

primitive seas of sulphides into seas of water. Wes arrive at living forms which not only



adapted genetically to the existing conditions am planet but also actively influenced them

during the process of evolution.

An example is our atmosphere, which a billion yeage contained practically no oxygen, but
thanks to evolutionary changes to the biota, undetwhanges and stabilisation of its composition
roughly in its contemporary state. Another examiglenorganic carbon, which is constantly
entering the biosphere from the Earth’s crust (paldrly through volcanic activity). With the

mentioned inputs during the past billion years, ¢becentration of C®in the atmosphere should

be an order of 1000 times higher in comparison tattay’s state (as it is, for example on Mars).
We can thank biotic regulation, however, for thet fthat the deviation has shifted maximally

within a range of only ten times the average value.

It is impossible to resist the idea that the dietbf the biota‘s influence on the environment was
not chaotic, but at first headed toward its optisalon and later toward the stabilisation of derta
optimal parameters. Among the most prominent oée¢h@entioned environmental parameters is
the average temperature of the Earth, which owerptst roughly 4 billion years has changed, in
terms of suitability for life, only within a veryamrow range of + 5°C of the present averagée
temperature has also remained stable despite &lyoB80% increase in solar radiation during the

geological existence of our planet.

In relation to the mentioned facts, some authogabdo compare the complex Earth to a gigantic
living organism (the Gaia theory). Without devotingrselves to the philosophical-religious
implications of similar considerations, it is ddtilt to hide one’s surprise and admiration at the
discovery of other aspects of the symbiotic fumatig of the complexes of living and non-living
nature. These, with the help of water as the centealium, are evolving towards the creation of
closed cyclical processes, which demonstrate tfeztafe management of energy and a minimal

loss of mass, which contributes to their growirapiity and ecological sustainabilify.

Though, the opening of the closed cycles of nahyréhe activities of mankind is beginning to
reach such adegree that the self-regulating messhanof nature are no longer sufficient to

correct them. Mankind can learn from its own mistak It is slowly beginning to recycle some

! Gorshkov, V.G., Gorshkov, V.V., Makarieva, A.M.Q@D: - Biotic Regulation of the Environment: Key Issue of
Global Change. Springer-Praxis Series in Environmental SciengSgsinger, London;
2 e

ibid
% Ripl W. - Water: the bloodstream of the biosphere.2003: Philosophical Transactions of the Royal Sgdiendon B
358, pp.1921-1934



materials, but has still hardly matured to the stafjrecycling those most important components
for sustaining life, which are water and vegetatibime larger part of the remaining text is devoted
to the current impacts of mankind's activities ¢ve tlimatic system of the Earth by means of
water and vegetation as well as how mankind shootcect this in order to deserve the epithet of

‘rational being'.

Some Factors in the Earth’s Climatic System

Climatic change is either a long-term significahtiege of the current trends in the weather for
a particular territory or for the Earth as a whdBhanges in the climate result primarily from
changes in the energetic balance on Earth. Chandbe energetic balance can have a number of

causes which originate within or outside the Eartlimatic system.

Among the reasons for changes in the amount of sokergy received by our planet are a number
of astronomical influences such as cyclic changdake shape (eccentricities) of the Earth’s orbital
path around the sun, changes in the tilt of thehEsaaxis (axial tilt) and its precession (ampliédd
These alternate in 96,000-year, 41,000-year an@DR2year intervals known as the Milankovitch
cycles. They are expressed particularly by the mbu00,000-year cycles of ice ages, but their
intersection also causes warmer and cooler pevitttién them.

Changes in solar activity are an additional fagotentially influencing the climate on Earth. The
best-known are the 11- and 22-year cycle in the bminof sunspots manifested in the solar
radiation falling perpendicularly on the upper edgfethe atmosphere. A smaller number of
sunspots can be associated with a decrease inastilgty. The change in the flow of solar energy
reaching a surface on the external edge of ourshmre, that is, the solar constant (1367 $)/m

which is paradoxically not a constant, is assodiateéh the elliptical shape of the Earth’s orbital
path around the Sun and with solar activity. Tharges infinitesimally, but, for example, the

same statistical periodicity of a number of climpteenomena (temperatures, precipitation, etc.)
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such as the periodicity in the occurrence in sutssmignifies a possible mutual connectiofhis

connection, however, has thus far not been cleatdypreted.

An additional category of factors influencing tHemate on Earth is opened by the hypothesis for
the extinction of the dinosaurs which says thatvas caused by the fall of an asteroid roughly 10
km in diameter some 65.5 million years ago. Dustigas dispersed into the atmosphere by the
fall of this and other celestial objects could halremmed the sun and, for a number of years,
limited photosynthesis and causing a long-term eles® in temperatures. The eruption of
volcanoes can have a similar effect as the falagfe meteorites. Volcanic eruptions are known
which spewed emissions as high as the stratosphérere they lingered for along time, and

where their effects resonated for a number of y@arthe form of longer and cooler winters,

hailstorms and droughts.

Aside from the total energy balance on Earth, tinectire of energy flows also depends on its
climatic system into which solar energy is charetllFactors of both natural or anthropogenic
origin influence the structure of energy flows. &rample of this first category are orogenic
processes. Mountains and mountain ranges signilycerfluence atmospheric currents, especially
those which are orientated north-south, becausentffigence of the Earth’s rotation and the
Coriolis effect determine the predominating easstveirection of winds. Mountains and mountain
ranges also significantly influence temperaturd®e tirainage of water from aregion, their
vegetation, evaporation and precipitation. Poss#ilew cover changes the reflective power

(albedo) of a surface and with it the amount anacsire of solar energy in a region‘s system.

Plate tectonics can also be seen as being natumalte factor. It determines, over a very long time
scale, the shape and location of the continentshavé a similar fundamental influence on the
dynamics of climate with regard to the differentiarming of the seas and land, or on the climatic

impact of warm and cold ocean currents.

Another large group is made up of the influencelanges in the composition of the atmosphere.
In the atmosphere a number of gases are foundhwiage these three basic features: radiation
activity, spatial arrangement and duration peri@y. the term radiation activity of gases we mean
the absorption of radiation at some important drthe wavelength spectrum. The effect of

growing concentrations of such gases on the stabitin of higher average temperatures in the

* Ihttp://www.global-climate-change.org.uk/3-2-143p
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ground layers of the atmosphere is often labelketradiation amplification”. On the other hand,

the growth of the concentration of some aerosofst@ve the opposite effect, that is “radiation
damping“. The value of radiation amplification thgh the influence of anthropogenic emissions
in the year 2000 in comparison with the state piedhe Industrial Revolution was estimated to be
2.43 W.n¥, and of radiation damping at 0 to 2 Werh

Through its activities mankind is influencing thengposition of the atmosphere and thus the
climate not only through the emission of gases Wwisice commonly called greenhouse gases, but
especially through changes in vegetation and thmulation of water and along with this, very
closely related flows of energy. We will devote selves to these aspects of human activities in
the coming sections.

Water as a Climate Factor

Water has a number of exceptional thermoregulatirgracteristics. Besides the fact that at
temperatures common on Earth, water occurs naturallall three states, its most important
thermoregulation characteristics are that it has ltdigest specific heat capacity (the ability to
receive thermal energy) among commonly occurringst&nces and the largest consumption or

release of large amounts of thermal energy updraage of state.

We have already mentioned briefly the role of tleeams in the section on the parameters of
Earth’s climatic system. The high specific heatazily of water (cp = 4 180 J k&™) in the
oceans means that temperature fluctuations in¢kans, when compared with land in the course
of a day or year, are a great deal smaller (formpte, specific heat capacity of soil is ¢p800 J
kg*K™). This characteristic of water, in combinationtwihe gigantic amount of it stored in the

seas and oceans, represents a great stabilisanpétatures on Earth.

® Lapin M. - Briefly on the theories of the climasgstem on Earth, particularly in connection witraeges in the
climate; modification of the professor’s inauguoatiecture from 20. 9. 2004, Internet
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The greatest portion of the solar energy absorlyatidsurface of the Earth is absorbed by oceans
in the tropics. The climates in the tropics andisagcs are dominated by a mechanism dictated by
the intensive absorption and dissipation of sofeergy known as the Hadley circulation, which
determines the running trends of winds, cloudira@gsprecipitation in this zone. The difference in
the warming between the tropics and polar regiomsthe differential warming of the sea and land
ranks (along with the Earth’s rotation) among thenpry reasons for winds contributing to the

balancing of temperatures between regions of diffegeographic latitude.

The differential warming and saltiness of waterthe oceans, together with other factors again
contributes to the flow of ocean currents, whichrcdeat energy thousands of kilometres, and
especially in the case of the north-south flowiegween the Equator and the poles, influences the
temperature of large regions. This demonstratesalpossible small change in the structure of

ocean currents can have far-reaching effects oolilnate over great parts of the Earth.

The fate of solar energy significantly depends lon giresence of water in the region on which it
falls. The presence or absence of water signifigantiuences the distribution of energy between
two main flows of heat: latent and sensible h&atthe names themselves suggest, sensible heat is
accompanied by an increase in the temperature wickeel. Latent heat, in our case the latent
heat of water evaporation, is not accompanied binarease in temperature. It is the amount of
energy which water must absorb in order to tramsforto vapour of the same temperature. The
evaporation of water, then, consumes heat, by wthiehsurface of the earth is cooled, and this
does not involve a small value. The specific latezdt of evaporating water under normal pressure
and a temperature of 25 °C is 2243.7 kJ/kg. Thimesamount of heat is released later during
condensation of water vapour in colder places, ipauaring formation of clouds.

Water can change into water vapour and cool theosndings in a region only if it is present
there. If it is not present, a large portion oflascenergy is changed into sensible heat and the
temperature of the surroundings sharply increa®ésile in adried region the majority of
incoming radiation changes into sensible heat, aoumntry sufficiently stocked with water, most
radiation goes into latent heat of water evaponatend only a much smaller portion of solar
radiation is changed into sensible h¥at.

® Krawik M., Pokorny J., Kohutiar J., Kovd., Toth E. - Water for the Recovery of the ClimatA New Water
Paradigm, Krupa Print, Zilina, 2007,
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With evaporation water gains high mobility, than&swhich it is able in relatively large volumes
to quickly shift in both horizontal and verticalréctions. The surface of a well-watered region is
cooled via evaporation in the case of intensivars@diation. Water vapour, which ascends higher
into the atmosphere, condenses under the influehoeold and thereby transfers its thermal

energy. The repetition of this process resembleéagenious air-conditioning device.

Cloudiness limits the entry of solar radiation itb@ atmosphere and to the surface of the Earth.
There is a substantial difference in the amourdadér energy reaching the Earth’s surface when
the sky is clear and when it is overcast. Cloudleekea portion of shortwave solar radiation, thus
limiting its entry into the atmosphere and the Earsurface, and thus protecting the Earth from
overheating. They also capture, however, part eflengwave (thermal) radiation from the Earth
which has a warming effect and which would otheengscape into space. This greenhouse effect
from water vapour greatly predominates over thelameffect of all other so-called greenhouse
gases. The atmosphere on Mars contains 95% CO2haratmosphere on Earth 0.039%. Despite
this fact the greenhouse effect on Earth is sixesirgreater than on Mars. This difference, also
when calculating for differences in the densityled atmosphere on both planets, can be explained
only by the existence of water vapour and cloud€arth® Temperature differences on Mars are
more dramatic than they are on Earth. Despite dgative image created by mass communications
media in connection with the battle against greesbhogases emissions, the greenhouse effect is

vitally important for the stability of climatic ietactions on our planet.

Water evaporation is the most important energysftamation on Earth. It functions as the main
buffer to the gigantic amount of solar energy thdalling on our planet every moment. Thanks to
the evaporation of water, solar radiation arriviogEarth is transformed into latent heat and so
moderates the accumulation of sensible heat atdintih’'s surface. The draining out of a land has
as a consequence the release of an extremelydangant of sensible heat into the atmosphere. A
drop in evaporation by one litre per square met@® (Wh) per day initiates the flow of sensible
heat several tens times higher than the effectegrdouse gases (radiational amplification) from

the Industrial Revolution.

7 .
Ibid
& www.bioticregulation.ru/ques.php?nn=24&Ilang=en
o Pokorny J., Water and the transformation of setergy on land — closed cycles in ecosystems df dawd river
basins, Zivotné prostredie, 2009 (in print)
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Water further moderates temperature differencesvdest regions with a different altitude or
geographic latitude, between oceans and land, keetd@ay and night, between the annual seasons
and, in connection with the melting of glacierseewetween ice ages and interglacial periods. The
less water there is in a region and in the atmagphbove it, the weaker the effect of balancing
out of temperatures, and thus swings in temperatndethe weather are more extreme. This is the
case in deserts on Earth and other planets (comfmarexample, the temperature differences on
the Moon, which range from -240°C to +120°C).

Vegetation as a Climatic Factor

Through active regulation of waterflows, terredtrecosystems can greatly influence the

distribution of solar energy mentioned above imo tmain areas: sensible heat and latent heat.
Vegetation reflects some of the incoming solar afdn, transforms (dissipates) some through
water evaporation, changes some into sensible legart warms up the soil and, through

photosynthesis a relatively small part is storednupiomass.

Together with the absorption and photosynthetiation of carbon dioxide, growing fibres also
store water. Growing biomass may have a water obofeto 80-90%. As well as for fibre growth,
vegetation also needs water for evapotranspiratiatues of evapotranspiration vary according to
geographical zone, altitude and other factors. Ab®ditres of water per square metre are
evaporated in average in conditions of a mild atin(Slovakia) on a sunny day (if there is
enough water in the ground), which equals 2.1 kWb \J) of latent heat. Evapotranspiration is

a dynamic process primarily dependent on the inpenergy and availability of water.

Plants differ greatly in their ability to evaporétanspire water. In the temperate zone the
transpiration of coniferous trees is in generaldowhan that of deciduous trees. Wetland plants

have the highest level of transpiration, some,héyt have enough water, being capable of

15



evaporating more than 20 litres of water per squaetre in the course of one sunny dayn
cultivated land evapotranspiration is, during sudays, usually limited by a lack of water, which

means that the actual levels of transpiration aremtower than they potentially could be.

Transpiring plants, especially trees, are one @& Harth’'s most wonderful air-conditioning
systems. Imagine a large, free-standing treerawc with a diameter of 10m. In the course of one
day, 450 kWh (4—6 kWh/fy of solar energy can fall onto its 80mf crown, some of which is
reflected back, some of which goes into heatingsthie and some of which is transformed into
heat. If the tree is well supplied with water, @p400 litres of it can evaporate in one day, 280
kWh of solar energy being consumed to convert theemfrom its liquid state into water vapour.
This amount of consumed energy is the differendevdxen the shade of a tree and the shade of
a parasol with the same diameter. In the coursesoinny day, such a tree cools with the power of

20 — 30 kW, a power equal to 5 air-conditioningtsini

Unlike manmade air-cooling equipment, atree isefied” only by solar energy, is made of
recyclable materials and requires minimal mainteaaithe outflow of water vapour is regulated
by millions of air pores which react to the tempera and humidity in the environment. What is
important is that solar energy stored in water vapse transferred further and only released when
the vapour condenses in cooler places. This wag thelp regulate temperatures both in time and
space, unlike fridges or air-conditioners, whichitedmeat into the area around them. In contrast to

fridges and air-conditioners, trees also work iacdbte silence, absorb noise and dust.

Most people will have experienced the pleasantreess of a dense forest on a hot summer’s day.
A temperature inversion (a higher temperature endtown of the tree than on the ground) during
the day helps retain almost 100-percent of thehamidity above the surface of the soil. The
balance of humidity and temperatures under the msowof trees is directly proportionate to the
density and height of the vegetatidnThis is another reason why healthy dense foreftss
susceptible to fire. Forest management of wateedidnthe crowns of trees is so effective that the

trees can afford to evaporate large amounts ofrwede their crowns and so cool the air above

10 kueerova A, Pokorny J, Radoux Mghcova M, Cadelli D, Dusek J - Evapotranspiratiosmoill-scale
constructed wetlands planted with ligneous spei@gl

1 Makarieva, A.M., Gorshkov V.G., Li B.L., 2006: Cservation of water cycle on land via restoratiomatural
closed-canopy forests: implications for regionaldscape planning. Ecological Research 21, pp 887-90
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them. On infrared satellite images, taken on aguwtey, forested land is visibly cooler than

unforested land alongside.

In sparser forest and open (for example, grassydystems, the same temperature inversion does
not arise. The night-time temperature inversionvabthe crowns of the trees and above open,
unforested ecosystems often leads to condensatiorfagy. Part of this gravitates down to the
ground and in closed forest ecosystems, unlikepencareas, this part can remain in the form of
moisture for the whole ddy.The water microcycle which in our conditions isnifested by dew
drops on grass or on needles is, according to #ren@n hydrologist W. Ripl, the most abundant
and widely occurring sign of water circulation iegetation and the most important stabilizing
process on mainland. The cycle dissipates solaggmeth great efficiency and without negative

side effects, such as dehydration, desertificaiuth soil erosior®

Russian scientists, V. G. Gorshkov and A. M. Madkaai have come up with anew, very
interesting interpretation of the relationship bedw forests and precipitation. Having examined
the correlation between levels of annual rainfall unforested regions in various continents
(savannah, steppes, semi-desert) and their distemoethe sea, as well as of rainfall in naturally
forested areas, they came to the striking conatuthat in unforested parts of continents annual
rainfall gets rapidly lower the further away thgimns are from the sea, whereas in areas covered
by natural forest, not only do levels of rainfatitrdecrease but in some cases they rise, even over

distances of several thousand kilometfes.

The above scientists have formulated the so-catliedic pump’ principle whereby a horizontal
flow of moist air arises from a region with loweraporation and moves into an area of higher
evaporation. Thanks to the greater cumulative enedjmg surface of leaves, forest ecosystems
during the vegetation period evaporate severalgimere water than open hydrous areas of the
same size. Forests thus become a biotic pump pngvgiction of moist air from the ocean to the

mainland®®

12 op.cit.

13 Ripl W. - Water: the bloodstream of the biospH2083: Philosophical Transactions of the Royal Sgdiendon B
358, pp.1921-1934

14 Makarieva, A.M., Gorshkov, V. G., 2007: Biotic pprof atmospheric moisture as driver of the hydridalcycle
on land. Hydrol. Earth Syst. Sci., 11, pp 1013-3103

15 op. cit.
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If evaporation over land decreases in compariscevporation above the sea which washes the
land, the physical mechanism described above isrsed and moisture is drawn away from the
land. Meadows and agricultural land, with theiatiglely low levels of evaporation, are unable to
create the biotic pump effect and their water cygleritically dependent on their distance from the
sea and fluctuations of rain-bearing weather. Tiemvidence from various corners of the world
which supports the above theory, evidence whicletmahes the long-held assumption that levels

of rainfall in a region have nothing to do with th&ture and quality of its surface.

Water and the Carbon Cycle

Current climate change deliberations deal almosiusiely with the role of C@ Though,
promotion of healthy ecosystems and a well funatigrwater cycle should be a special concern
even for those who are convinced about the domird@of this gas in the Earth’s climate system.

It is because carbon cycle is closely tied to watet vegetation.

The amount of CO2 in the atmosphere is determiryeldlolv much is emitted into the atmosphere
through the burning of fossil fuels and cement padidn, the terrestrial biospheric flow of Q0
which includes photosynthesis and plant respiratibe influence of fires and soil management;

and finally the flow of CO2 between the ocean dreatmosphere.

To put it simply, we can say that while oceanic®iand well functioning ecosystems on land help
store carbon, disturbed ecosystems on land enmtatthe atmosphere. The ability of oceans and
biota in sea water to sequestrate (absorb and) sE@=is not measurably changing. It is however,

insufficient to negate the effects of anthropogesaidon production.

Terrestrial sequestration of @@rom the atmosphere is at its highest in the morthemperate
zone. About 50% (approx. 1150 Gtons) of carbon ke the world’s ecosystems are stored in

forests, with the remaining 1000 or so Gtons baitoged in other ecosystems such as tundra or
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grassy plains. In the forests of the northern hphase, about 84% of carbon is stored in organic

soil mattert®

The soil sequesters carbon through its vegetaare soil can hardly store carbon although it can
release it relatively fast. When soil moisture @ases, the soil becomes more aerated. It leads to
an increase in oxidization processes and fasteenaliation of the soil’'s organic matter. If forest
land is turned over to agriculture, carbon contenhe soil usually falls by 30% or more. This loss
of carbon from soil means a fall in its organic o, its fertility and its ability to retain water

one result of which are more frequent local droaght

The lack of water in soil also increases its po&énb overheat, which again contributes to
mineralization of organic matter. In land with akaof water and vegetation, land which
overheats, water vapour does not condense andnbesuffers from a shortage of dew and steady
rainfall from the small water cycle. Rain usualbnees as a result of frontal disturbances, with the

rainwater running off very quickly because of taad’s low water-retaining capacity.

From the preceding text it emerges that the intema®f the carbon cycle with the hydrological
cycle plays an important role in the exchange obaa between land surface and the atmosphere.
Annual variations in the exchange reach the legtmssil fuels burnt by humans. Variations are
primarily dependent on levels of rainfall. Droughts the northern temperate zone have the
strongest influence. Droughts and intense heatwagdace photosynthesis and increase the
probability of destructive forest fires. In the avef disruption of the natural cycles, there iss&

of the vast amounts of carbon stored in organictanabeing suddenly released into the

atmospheré?

Many experts believe vegetation could compensatedoent anthropogenic carbon emissions.
According to the Russian scientists, Gorshkov ardadvieva, it would be enough to renew natural
forests on about 7% of cultivated land. As in temhsvater and other matter balance, artificial

ecosystems, e.g. agricultural ones, are largeltatiiging in terms of the carbon balance &%o.

1% Bierkens M.F.P., Dolman A.J., Troch P.A. (editer}limate and the Hydrological Cycle, IAHS, 2008
" Ripl W., Eiseltova M. - Sustainable land managenbgrestoration of short water cycles and prewentf
ilr;jreversible matter losses from topsoils, Plant Eaviron.,55, 2009 (9): 404-410

ibid
19 Bierkens et al. - Climate and the Hydrological [@yc
% Gorshkov V.G., Gorshkov V.V., Makarieva A.M. - BioRegulation of the Environment: Key Issue of &b
Change. Springer-Praxis Series in Environmentar®es, Springer, London, 2000

19



The Influence of Land Use on Vegetation and Water iGculation

Humans have been shaping the landscape sincefitkeiappearance on the planet, the intensity
and extent of this shaping process varying ovee tand reflecting humans’ different means of
finding food and levels of social development. Majilestones in human evolution and the
changing landscape have been shifts such as: the frmm the hunter-gatherer way of life to the
agricultural and pastoral one (the Neolithic Retiol); the Industrial Revolution, which meant
a move from manual to machine-based manufactusageral waves of urban revolution which
were to influence the numbers of town dwellers #oadr quality of life; and the 20th century green
revolution, which again changed the nature of admce. Deforestation of huge areas and their
conversion to agricultural use or urban developntfente also had a marked effect on water

circulation.

Research into lake sedimentation in northern Ewopakes during various phases of forestation
after the retreat of glaciers about twelve thousgears ago illustrates well the role of vegetation
in regulating water circulation and erosion. Tha fiousand year period of gradual recolonization
of the barren landscape from the first pioneeritanis to climax forest is first marked by high
transport of surface material to the lakes, mdtarfach then gradually diminished to only a tenth
of its original amount. When about two hundred geago, people first started to destroy the
vegetation covering these studied river basinsrideoto develop agriculture and to urbanise, the
transport of surface material then increased byéet 50 and 100 times compared to the optimal
natural staté! Humans became an important factor in opening syofewater and soil material

which had hitherto been more or less closed.

What started in some parts of northern Europe celtively recently had started in other parts of
Europe and the world alot earlier. The outstandAmerican paleoclimatologist, William
F. Ruddiman, draws attention to the fact that huindlmence on the climate began about eight

thousand years ago with the agrarian revolutionciviiollowed the last ice age. This influence,

2L Ripl W., Eiseltova M. - Sustainable land managenbsrrestoration of short water cycles and prewentf
irreversible matter losses from topsoils, 2009
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especially human liquidation of forests, was ofrealer intensity before the Industrial Revolution

than today but continued for much a longer periodiia total exceeded 3t.

After the removal of forest, the water managemetason is tied in with a whole chain of
factors. Deforestation and reduction of the quatifyforest vegetation is accompanied by an
increase in the speed of rainwater run-off and samkion, a reduction in soil’'s organic material
content and with it, its water retentiveness. Tleerdehydrated and hardened the soil, the harder
it is for it to absorb the next fall of rain andetlgreater the surface run-off. There are several
examples similar to that of the Brazilian Tocantiver basin, where, in the period from 1960 to
1995, together with forest removal and developnoérigriculture, river levels rose by 25 percent

despite the fact that rainfall did not increaserythat time?®

Another factor in the drainage of large expansetandl are the crops grown on them. Certain
edible grass seeds were ideally suited to agri@lltultivation and formed the basis of the cereal
farming which was to become the most extensive fgaply for mankind. In Europe, as well as

in many other parts of the world lying in the temgie zone, the cultivation of wheat and barley,
which are believed to be the first domesticateccasr has been dominant since the Neolithic
Revolution. These retain the quality of the anrstappe grasses from which they were first bred
and so require steppe-like conditions; to grow thesll the soil must first be drained. This

enormous project has been one of the main caudasdtirainage in the modern age.

Artificial irrigation, practised even by ancientviizations in combination with intensive
agriculture, is not a long-term sustainable solutbiecause as we can see from examples, it leads
to salination of the soil. As soon as rainwaterctas the ground it starts to dissolve the salts
which it contains. The concentration of these saltsurface water, not to mention groundwater,
increases many times over. This is one of the rdiffees between rain and artificial irrigation.
Another lies in the fact that during times of raimere is high air humidity, which reduces
evaporation, whereas during processes of artificiadation, the opposite is usually true. Salts
from evaporated water stay in the ground. The antBhg Australian agriculturist, Peter Andrews,
points to another aspect of soil salination whihhe suppression of natural vegetation diversity,

mainly through the influence of agriculture. Lowgegation, such as various grasses and weeds,

?2 Ruddiman W. F., Plows, Plagu&sPetroleum — How Humans Took Control of Climatén&eton University Press,
2005, s.88-94
% Foley J. A. et al. - Global Consequences of Lasd,USCIENCE, VOL 309, 2005, www.sciencemag.org
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are in his opinion the most efficient means of éliming salt from the soff' The systematic

removal of such vegetation is one way of helpingreate a salinated semi-desert.

The regulation of rivers is another chapter in dnainage of land. Adjustment of watercourses
usually results in a shortening of their overafigth, an increase in their gradient and a speeding
up of outflow of water. Reinforcement of riverbealsd banks, removal of abandoned meanders,
draining of adjacent marshes with river ecosystemaisjng of weirs and flood barriers to prevent

periodic flooding and other adjustments have redule capacity of the land to retain water.

Rapid urbanization accompanying the Industrial Reian meant mass movements of the fast-
growing global population from the country to thewhs. Modern towns and cities, but also
increasingly, villages too, have their surfacesfieced with impermeable materials and have
drainage systems for rainwater. A huge amount wiwaer is now drained off the paved and
roofed surfaces of the “civilized world“ via drage channels running into rivers and the sea.
According to estimates, in Europe every year mbes t20 billion ni of rainwater is channelled

off, water which in the past supplied the soil aredjetation, replenished levels of groundwater,
strengthened natural springs and with its evapmrathelped humidify the climate and reduce

temperatures.

Deforestation, agriculture, urbanization and othethropogenic transformations of land now
affect almost 40 percent of the world’s surfaté\s we shall see, this transformation not only

influences the amount of water in the land but é&ksalimate.

The Influence of Land Use on Climate

In the preceding sections we stated that watemes af the key parameters in climate change
because of its unique thermoregulatory qualities e way its circulation is closely tied to the
transformation of enormous flows of energy. Vegdetat especially natural forest, is able to

manage water in a way which is uniqgue and benéftoiamankind. We have also stated that

24 p Andrews — Back from the Brink — How Australifdadscape can be saved, ABC Books, 2006, s.217-222
% J. A. Foley et al. - Global Consequences of Lasd,USCIENCE, VOL 309, 2005, www.sciencemag.org
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through their activity, people contribute to thdatesting and draining of land, and thus change
the balance of flows of water and energy in lamdnithese statements it clearly emerges that, at
the very least, the use of land has an influencéherregional climate. These regional influences
over enormous inhabited and human-impacted #egmergically join up and also have an
undoubted influence on the global climate.

Temperatures in atown on asunny summer’s dayofiem appreciably warmer than in the
countryside nearby, while temperatures in plougagdcultural land are higher than in forests
even though the sun may be shining equally on fathese places. The main culprit for raised
temperatures in urban areas is the reduced evapomttowns resulting from a fall in green areas
caused by a larger share of built-up areas andbread impermeable surfaces. The same goes for
tilled soil, where the reduction in topsoil permigibreduces the ability of the land to evaporate
water and thus raises the amount of solar energghwthanges into sensible heat and longwave
radiation.

This is not just a small amount of heat. Every yalaout 54,750 km? of the Earth’s surface is
urbanized and if we consider that evaporation agnkimd of surface will fall by about 200 mm per
year, then about 6,751,040 GWh of sensible heatgarerated. If we apply the same fall in
evaporation to the 127,000 km? of the earth’s sarfahich are every year deforested, then about
17,374,000 GWh of sensible heat are generdtbufact this amount alone roughly corresponds to
the annual production of electricity by the whofenmankind?® an amount which would be even
higher if we also took into account the decreaseainfall caused by the reduced evaporation.
Huge amounts of sensible heat arise in areas winech turned over to agriculture or urbanized in
the past. Fields, pastures and urban zones in@tinents cover an area of about 55 million kmz.

These so-called “hot plates” which arise in humbapgd landscape also have an influence on
water circulation and climate. Higher temperatysesvent condensation of water vapour, which
can then mean lower rainfall in that region. Terap@e differences between hot agraro-urban
landscape and wetter and cooler regions (of highkitude or latitude) cause a higher

concentration of clouds and rainfall above theslatif these.

% See e.g. works of Roger Peilke Sr. Research Giutgp//climatesci.org/

27 Schmidt M. - Global climate change: the wrong paeter, RIO 9 - World Climate & Energy Event, 17.+b@irec
2009, Rio de Janeiro, Brazil

28 Global production of electricity in 2006 was 18itn kilowatt hours
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Other climatic extremes and their effects whichaaesed by these hot plates are floods, extended
heatwaves and periods of drought, forest firesintalevels of groundwater, and reduction in soill
fertility and biodiversity. Differences in the oacence of water and vegetation leading to
temperature differences provide a more direct asgicdl explanation for regional climatic

extremes than merely the increase in the near hensagis levels of COn the atmosphere.

There are a wealth of both old and new examplesliafate change brought about by land
management. Christopher Columbus wrote about hoev deforestation of the Canary Islands,
Madeira and the Azores, the gentle afternoon rhat tvas typical for these islands stopped
falling.?® The same situation occurred after the deforestaifoEaster Island, the remotest island
on Earth. At present there are several scientifidiss drawing attention to lower rainfall in the
Amazon as a result of the felling of its rainforebhis is often given as a classic example of the
process? Another is Florida, where its huge swamps weréndrhduring the 20th century. The
famous American climatologist Roger Pielke has doented the mechanism of the significant
drop in rainfall which has now come to Florida dgyithe hot season as well as the new

phenomenon of frosts occurring in the drained adeamg the cold seasdh.

It is alarming that the relevant global institutsoignore the area of climate change brought about
by a change in the state of vegetation and wateulation resulting from anthropogenic land use

(with the small exception of plant sequestratiorcarbon). Equally they almost always speak only
about the effect of climate change on the wateftecgad not about the reverse process, climate

change as effect of changes in the water cycle.

Encouraging the Climatic Functions of Water and Vegtation

In the previous section we stated that the drairedgee region through deforestation, agriculture

and urbanisation all contribute to climatic chan§éhis is indeed so, then the primary measure for

29 The biography of Christopher Columbus written is/don, Ferdinand

% e.g.. Foley J. A. et al. - Green surprise? Howesgrial ecosystems could affect earth’s climates Ecological
Society of America, 2003, www.frontiersinecologygor

3. pielke R. A. Sr. et al. - A new paradigm for as@®g the role of agriculture in the climate systend in climate
change, Agricultural and Forest Meteorology 142)720
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adapting to and assuaging this element of climagémge which is caused by the drainage of land

by mankind, is the renewal of water and vegetaiticaifected regions.

History abounds with examples of nature and climaging harmed by mankind. Positive
examples are few. The ecological crisis which pdagimultaneously with the Great Depression
in the 1930s in the USA is an example from thet fiy®up. This was the result of a number of
decades of reckless looting of natural resourcasexample, the deforestation of the country to
one eighth of its original area or the ploughingofiphe great prairies and their transformatiow int
cereal monocultures, particularly during the Fivgorld War and after. Deforestation brought
a change in the hydrological regime, floods, drasgmnd erosion. The loss of the highest quality
soils from fields and pasture lands under the impéaevater erosion at this time is estimated at 3
billion tons annually. Millions of acres of recagntertile land were turned into desert and the new

phenomenon of gigantic dust storms began to appear.

A positive example is the approach taken underdghdership of President F. D. Roosevelt, who
dealt with the mentioned situation by organisihg Civilian Conservation Corps (CCC) to help
the unemployed and the damaged natural world. prbgramme, which operated from 1933 to
1942, employed about 3 million young people in jeldgch, among other things, included: the
planting of forests; the building of fire-preventiageservoirs, ponds and dams; measures for
reducing the speed and eroding force of waterctbation of retention spaces for harvesting storm
water etc. As an illustration, let's just mentithat the number of trees planted by the CCC is
estimated to be 2-3 billioff. There is no doubt about the positive impacts effftogramme on the
lives of people and on nature. The impact of thegmmme on the climate can be deduced, for

example, from the fact that the phenomenon of siostms ceaset.

The part of the Civilian Conservation Corps progmarmwhich focused on support for the water-
retaining capability of catchment areas is a gmespiration. In order for water and vegetation to
fulfil their climatic function, they must first ddll be present in sufficient amounts within a regio

All of the fresh water on land comes from rain. ffere it becomes a primary task to implement

measures for the massive harvesting of rainwatdrdrplaces where it falls. Let drain away to the

%2 salmond J.A. - The Civilian Conservation Corps334942: A New Deal Case Study, Chapter 1, Duke/éfsity
Press, 1967

33 www.ccclegacy.org/

34 http://en.wikipedia.org/wiki/Dust_Bowl
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ocean only that water which we are unable to retd@ilme retention of rainwater is from the
viewpoint of humans, ecosystems and climate moralda than run-off, because in time and
space it better preserves water between periodsbwhdance and shortage. Decreased run-off

fulfils an anti-flood and anti-erosion functionsal

Humanity has harvested and retained atmospherierwlatough millennia and developed a great
deal of technology for this purpose: the gatheohgvater from roofs, on slopes with the help of
different types of depressions or terraces, insbeons, sheets for fog harvesting, etc. While the
main purpose in the past was to obtain suffici@sources for drinking water, utility water or

irrigation purposes, today a climatic purpose canadodded to these. That's why aside from

exploitation and infiltration of rainwater the impance of its evaporation is also growing.

Evaporation, which is traditionally considered alss, has an immensely important climatic
function for cooling a region and balancing tempaedifferences within it. On a healthy land the
larger part of the water returns in the form of demrain. What is more, if there is a sufficient
amount of evaporation, it “attracts rain“ by cogliand by encouraging condensation of other
vapours in the air. The absence of evaporationteseia a country a “hot plate* destroying the
small water cycle. The recycling of water in theafimvater cycle is better than relying on the

fluctuation of the large water cycle.

The imperative of evaporation in addition to tramil methods of harvesting rainwater opens
a new spectrum of technologies which will idealhable the saturation of soil and vegetation. It is
relatively easy to find in a village such opporties to store rainwater through the support of
different ecosystems, by retaining it in wetlandsd areservoirs or by saturation into the

groundwater. In agriculture it is necessary, foe tleasons mentioned above, to apply non-

ploughing technologies and to reforest desolatedumused lands.

Rainwater, which at present drains away throughesege systems from urban areas without
being used (and for a great deal of money paicteesage companies) into rivers and to the sea,
can be provided to lawns, parks, bioclimatic gasjdemeen roofs, green facades, etc. Obviously,
for this purpose it would also be possible, afteper cleaning, to use the rainwater which before
served only as utility water and thus relieve thendng of valuable drinking water. Towns which

consume a great deal of water should shoot for dexmage of rainwater. It is obvious that a new

water policy requires innovation in the field ohthplanning and architecture.
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At the local and national level it is necessargtteate a system of policies, legal instruments and
motivations which encourage the rainwater harvgstine protection of the small water cycle and
last but not least, vegetation. Just as in thel f@l financial instruments the principle of the
“polluter pays” applies, in the integrated managetod water and land resources it is necessary to
set up the principle of “he who drains — pays’on@ersely, the creation of water-retention spaces

needs to be rewarded financially or non-finangiall

Since the climatic effects of land drainage crosss®onal borders, it is necessary to apply the
mentioned principles both on an international amgra@national level. Satellite photography in the
infrared (thermal sensitive) spectrum is able ftedentiate the hot parts of a country, which ie th
tropics and temperate zones correspond with desiteaeas or areas devoid of vegetatfonhe
international community can thus easily set presitfor its policy, and possibly monitor each

advancement achieved.

The renewal and protection of the natural waterlecyor climatic reasons is by no means
secondary to the lowering of emissions of greenbagesses and overtakes it in terms of the
immediate urgency to ensure the fundamental nemdsénkind. The international community

should therefore devote adequate attention to it.

% pokorny J., Krasik M., Kohutiar J., Kovd M. - The major role of water in the climate systefithe Earth, 2009,

www.ourclimate.eu
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