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Concept

Sunshine and water are twins

Plants/Trees distribute solar energy via
water cycle

An attempt for quantification



LATENT HEAT of water vaporization — princip of perfect

airconditioning: cooling (vaporisation) and warming
(condensation)

energy consumption enerqy release
0,7 KWh 0,7 kWh
L condensation
vaporisation

What is the volume of water vapour
fronm1litre of water liquid?
1 liter 18ml liquid makes 22400ml vapour

o



The actual direct solar irradiance at
the top of the Earth’s atmosphere

fluctuates

from 1412 W m=2 to 1321 W m™

due to eliptic trajectory of Earth around Sun.
The amount of solar energy changes over the
year by about +3.2% (45 W m-2)



Materials and Methods
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Incoming solar radiation
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Clouds/water control amount of incoming solar energy



Clear sky versus overcast

* Incoming radiation on a clear day

(8 kWh m2, max. flux 1000 W m) can
be an order of magnitude higher than

the incoming radiation on an overcast

day

(0.78 kWh m2, max. flux 100 W m-2).



Reflected solar radiation
Concrete has highest albedo

overcast cloudy clear
250~ Sites
—field
200 —wet meadows
—concrete surface
o —fish pond
§ 150 ——meadow
s
o
v 100
(14
0__

o r Frror |
0 4 8 121620 0 4 8121620 0 4 8 121620

Daily hours



Energy fluxes in ecosystem
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Sensible heat flux (W.m™)

Sensible and latent heat fluxes
Land cover controls several hundreds W m2
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Latent heat flux (W.m™)
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Release of heat airconditioning

Evapotranspiration (mg.m?s?)



Nuclear
power station
2000 MW

Solar energy coming on 2 km on sunny day
Sensible heat (warm air) released
from several km- of dry land
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1500 L per second evaporates NP
Wetland 800 ha (8km?2)
evaporates similar amount water
at maximum rate

le heat released from fieds
the nuclear power station is

than power production of Nuclear power stat
lear power station. : , i




Meaning of average temperature in
thermodynamics

* |In terms of thermodynamics, average
temperature does not produce power.

* The difference across distance — the gradient —is
what makes the conditions for the flow to take
place. Similarly, in atmosphere and landscape it is
gradients of temperature, heat, air pressure,

which drive wind and transport water vapour.

e Schneider, E.D. and Sagan Dorior. 2005. Into the Cool, Energy Flow
Thermodynamics and Life,The University of Chicago, Chicago, London



Life lives from gradients

* In 1886 Boltzmann suggested that the energy gradient
imposed on the Earth by the sun drives the living
processes “Life struggles for entropy which becomes
available through transition of energy from the hot sun
to the cold Earth”. In order to exploit this transition,
plants spread their immense surface of leaves and utilise
the sun’s energy before it falls to the earth’s
temperature.

* Prigogine, llya and Isabelle Stengers (1984) Order out of Chaos, Bantam,
New York

* Capra Fritjof (1996) The Web of Life, New Synthesis of Mind and Matter.
HarperCollinsPubl. Tkan Zivota, 2005



Sap flow and leaves transpiration
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Mnozstvi slunecni energie na hranici
atmosfery a na povrchu zeme za jasneho dne

Solar é@gxon atmosphere

vnéjsi vrstva
atmosféry
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Ecosystem service of a tree

Tree transpirates 300 litres a day
0.7 kWh/I latent heat of vaporization
300 x 0.7 =210 kWh

210 kWh was not released as sensible heat.
The tree cooled 210kWh.

How much would you pay for 210kWh
consumed by aircon? (c.21Euro)

Tree has a double aircond effect



Remote sensing -
thermal scanning of radiation surface temperature

I. large-scale (several hundreds kms) satellite images (commonly in 7 — 14 pm)

Il. broad-scale monitoring (300 - 5000 m) by aircraft with photogrammetric
equipment. Both aerial devices are equipped with FLIR thermographic cameras
operating within a spectral range of 7.5 — 15 um.

I11. near-ground (up to 1 000 m) - an airship equipped with GPS was developed
and successfully tested

IV. ground scanning

Enki, o.p.s. Tfebon, Airship Club.com - ob¢anské sdruzeni, Praha. Souvstava prostfedk pro zjiStovani energetickych tokd v pfizemni vrstvé atmosféry.
Pavodci: Jirka V., Pokorny J., Kobrzek F., Mare€ek P., Zicha J., Bila J. Ceska republika. Uzitny vzor CZ 22671 U1. 12.9.2011

Enki, 0.p.s. Trebo. Zafizeni pro méFeni energetickych tokd na rozhrani zemského povrchu a atmosféry. Pavodci: Jirka V., Zicha J. Ceska republika.
Uzitny vzor CZ 22673 U1. 12.9.2011
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Airship Club, s.r.o.
* 9 July 2009 vicinity of Ttebon

*16 scanning times / day in 2-3 hour interval (4:30 - 19:20 GMT
+1)
*5 screens

*Hight of flight 250 m

*Spatial resolution 30 cm

*Sampling area 1000 (pixel1)- wet meadow, harvested meadow,
alder stand, forest, sparse vegetation, fishpond, asphalt




Thermal images of different land
covers

9 July 2010
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Daily courses of T, of the studied localities

. Each point is calculated from 1000 randomly selected pixel values. Points
describe the median of the data, boxes are lower and upper quartiles and
whiskers show 1.5 times of inter-quartile range of the data or maximum and
minimum values if extremes did not occur. Extreme values are not shown in
the graph.
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Effect of land cover change on
landscape temperature
distribution. A case study of Mau
forest in Kenya

* Hesslerova, P., Pokorny, J. 2010, Forest clearing, water
loss and land surface heating as development costs. Int.
J. Water, Vol 5, No 4, 401 —-418



Mau Forest







Imigration of many ethnic groups was a main course that large parts of the
forest area have been cleared for settlement, arable land and teagardens

The pressure on ecosystem was supported by politics, mainly in pre-elect
periods during 80’s and 90°s

large deforestation has dramatically affected surrounding ecosystems, local
climate and hydrology of the catchments

between 2004 and 2006 more than hundred thousand persons were forcibly
evicted from Mau Forest Complex, no alternative place to live was offered

A new hydropower plant Sondu-Miriu constructed on the river of the same
name is not able to produce planned 60MW due to water shortage

July 2008, Kenyan Prime Minister Odinga declared that during last 10
years Mau Forest lost 100 000 ha of area due to agriculture and illegal
cutting, the losses were estimated to 300 million USD

Kenyan Government decided to evict 250 000 people from the Mau Forest,
to fence the Forest in order to prevent illegal logging and restore hydrology
of the catchment.






Figures show the extent of the Mau forest in the years 1986 (a), 2000 (b) and 2009 (c). The central part
(Eastern Mau) and the eastern part of Maasai Mau are the areas, most affected by deforestation.

Land surface temperature distribution in the years 1986 (a), 2000 (b) and 2009 (c). The
comparison with the figures above, confirms the forest belong to the coldest areas within the
landscape. The temperature differences may reach even 30°C at very short distances.



increase of temperature
between 1986 and 2009

Forest area covered in
1986 400 000 ha 2}? ;;;neperature
2000 345 000 ha

2009 270 000 ha

decrease of temperature
between 1986 and 2009

[ forest detected in both years 1986 and 200
B focest detected only in the vear 2009

B forest detected only in the vear 1986
- the excised forest g f

-

Red — clear cuts between
1986 - 2009

Green —increase of forest
area (plantation forests)
Green— no forest area
change between 1986 and
2009
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There are different greens in the landscape...
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Figure (on left) is the RGB colour synthesis of Landsat ETM + channels 4-5-3 displaying different land cover types in
the Kericho region (west edge of the image) in the year 2000. The scene size is 19 x 12 km. Bright and
homogeneous red colour, caused by very high chlorophyll content is typical of the tea plantations; dark and light
brown indicates rain forest; the patch of green display a farmland.

Figure (on right) shows temperature differences between the three different vegetation types in the same region.
Despite having the highest amount of chlorophyll (being the greenest), the temperature of tea plantations ranges
between 30 — 35 °C, that is more than in case of forest. The highest temperature is characteristic for the crops (35
—45°C), depending on the crop cover, type, wetness, and other factors. This fact shows that the surface
temperature depends on the type of land cover and confirms forests as the coldest landscape segments.



Thermopictures of
MauForest

Taken from an aircraft
and from land
Altitude c¢. 3000m




Mountain forest atracts water
it is called ,water tower”

* Village Son Koi Kiminta located at cca 3000 m
altitude has not allowed clearing of 600 ha
forest. Local people know from experience
that forest attracts due and creates mild rain.

* Forest clearing in vicinity of other villages
resulted in rain shortage and early morning
frost linked with crop decline.




Mau Forest (alt. c. 3000m)
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Deforested part

Surface temperature up to 58
centigrades
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Temperature inside of a mountain forest

(SOmeters from the previous place)

Trefl=20 Tatm=20 Dst=2.0 FOV 19
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Temelin nuclear power station
2000 MW

P e —————

Decrease of evapotranspiration c. 200 W/m?
~ on 1800 km?2 causes release of sensible heat

360 000 MW (180 nuclear power stations)

o



... few numbers

consider air at temperature 25 ° C contains approx. 22 grams/ m3; at 40 ° C has a doubled capacity
(50g/m?)

Deforestation and the consequent rise of temperature lead to a transport of warm and relatively
dry air into the upper atmosphere

Hot air = higher capacity to suck up water = the transport of water vapour by the overheated air out
of short water cycle

Decrease in evapotranspiration of about 2 mm/ km2/day = decrease in evaporation of 2 000 000
litres

To evaporate 1 liter we need 0,7 kWh (2 500kJ)
Latent heat of vaporisation of 2 000 000 litres of water = 1.4 million kWh
If there is no water = no latent heat - release of 1.4 million kWh of sensible heat/ day

The Mau Forest complex has lost 1800 km? in 23 years
This means 2,6 billion kWh of sensible heat released from this area a day

For comparison, a quarterly production of the well-known Czech nuclear power plant Temelin (2000
MW) in 2012 was 4,4 billion kWh



Vertical distribution of
temperature in forest and crop



Temperature inversion
In forest:

Higher temperature in
crowns

air is cooler (heavier)
at ground

Water vapour is kept
In canopy

298°C

225°C




31,3°C

30— A B

Higher temperature at soil surface than at top of the stand



Fluxes of energy in ecosystems

Primary production (photosynthesis): W m-2
Evapotranspiration: hunderds W m
Decomposition of organic matter in soil: tens W m-2
Heating of plant stands: several to tens W m2
Radiative forcing: 0.2 W m-2 for 10 years

Solar radiation on atmosphere during one year: 1351
W m=2-1431 W m?

Life processes can easily compensate for radiative
forcing



cC 0 c Ud ‘ / ‘
conentration (ppm) 380 1,5 1000 — 40 000
for example (mean: 20 000)
mi/m3
phase gas gas solid = liquid -
gaseous
exo/endo thermic
phase changes
18 ml liquid
water makes 22
400 ml water
vapour
Turnover rate in years years Days, hours
atmosphere
emission trading Emission trading Is ignored




Life processes directly affect distribution of solar
energy on Earth

* Indirect effect of vegetation: production or sequestration of
green house gases

* Direct effect:
damping of heat potentials by evapotranspiration
(humans create potentials by drainage — overheating)

Biosphere dissipate solar energy in terms of non-
equilibrium thermodynamic. There is no simple
radiation balance of Earth —Universe driven only by
albedo and dry greenhouse gases.

Life abhors gradients
E.D. Schneider, D. Sagan, 2005, Schrédinger 1944 (What is Life)



WHAT To DO ? (Ripl, ETR model, 1993,

Model for the sustainable restitution of a catchment

Present state of catchment

Arbitrary distribution of land us e -
erosive system, high loss es of matter.

water urs aturated
transport and leaching zone

low evapotranspiration
L ’/ degraded river
system
lowest groundwater table :> water flow
-. soluble and suspended

matter dis charge

After restructuring the catchment

Phase-related distrubution of land use, conservative system,
minimized losses of matter and improved energy dissipation by
enhanced organis mstructure (parallel energy processors).

unmanaged forest

residential areas, farming areas and forestry
\ high evapotranspiration

|

~ restored river
ecosystem

/IONESt

groundw ater table
=> water flow

Restitution of soils by transport of matter
- =% soluble matter discharge

opposite to water flow (sewage sludge,

sediments, compost)

Objectives of the restitution:
4) to restore micro climate and short- circuited water cycle

1) to improve the vegetation cover
5) to detoxicate soil by vegetation growth

2) to reduce air poliution (CO., particle emission)
6) to protect the groundwater and improve water quality

3) to improve soil structure by nutrient and mineral retention




Criteria of landscape functioning
and sustainability

By the principle of self-organisation, the least ageing and most sustainable
system has the best cycling capabilities and least irreversible material flow.

It is relatively free of landscape entropy.

_ow matter losses (regular water discharge,
ow electrical conductivity of water)

High gross production

Low temperature differences (dissipation)
(Ripl W. 1995 &k, 2003, 2010 JW)



arXiv:0707.1161v3 [physics.ao-ph] 11 Sep 2007

Falsification Of

The Atmospheric CO, Greenhouse Effects

Within The Frame Of Physics

Version 3.0 {September B, 2007)

replaces Virwion 1.6 (uly 7, P57 and fater

GERHARD GERLICH
Inatitut fir Mathematische Physik
Tachnische Universitit Carola-Wilhalmina
Mendelssohnstrafe 3
[-38106 Brannschweips
Federal Republic of Cermany
rgarlichifit-ba.dae

RarrF D). TSCHEUSCHNER
Pratfach 602762
22237 Hamburg
Federal Republic of Cermany
ralfd@ina-net.oml.gov

www.waterparadigm.org

Water for the Recovery of
the Climate - A New Water
Paradigm

M. Kravéik, J. Pokorny. J. Kohutiar,
M. Kovag, E. Téth



outh Bohema, Trebon region, Czech Republic
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Fishponds — artificial lakes were constructed in 16th century



Stop desertification and bring back
water and vegetation:

= Air-conditioning via short water cycle
» More water,more biomass, more food
= Biodiversity increase

= Carbon sequestration

= Recycling of nurients and water

= Employment

= Any negative effect??

KravCik, M., Pokorny, J., Kohutiar, J. et al: 2009, Water for Recovery of Climate
www.waterparadigm.org

Eiseltova, M., Pokorny, J., Hesslerova, P., Ripl, W. 2011 Evapotranspiration — A
Driving Force in Landscape Sustainability In: Ayse Irmak (ed.)Evapotranspiration —
Remote Sensing and Modeling, InTechopen, pp 305 — 328, Rijeka, Croatia



http://www.waterparadigm.org/

AIR-CON TENDER - .

BIG GLOBAL CORPORATION CALLS FOR:

- Air-con system,
- Fully automatic, sun driven, outdoor use, quiet,
- Fully recyclable material only,
- Continuous self regulation,
- Minimum maintenance,
- Output power in tens of kW,
- Highly durable (decades).

Send your offer to: bigglobalcorporation@big.com




AIR-CON OFFER

New natural air-con on market! ENKI STANDARD

TR RN T T ! -Ilr

MM mm wan\l
dwsddgﬁum IatM.n | mtworted den Keitékern | Coelo unel Zeos

Neue Naturklimatisierung

NATURE Ltd. presents highly
efficient TREE air-com system.
Standard model is able to transpire == T
400 | per day. Z;;;;m:";n;; =

The latent heat would be 278 kWh, — Sz =
with cooling efficiency 23 kW over
24 hours.

Regulation system consists from
several billions of stomata recycled
every year.

Warm places are cooled fully
automatically according their
demand.




EVAPOTRANSPIRATION -

A TREE OF CROWN DIAMETER 10 m 450 kWh OF SOLAR ENERGY
TRANSPIRATES (EVAPORATES) COMES ON 80 m* OF TREE
CCA 400 | WATER A DAY GROUND AREA A DAY

280 kWh IS CONSUMED FOR
EVAPORATION OF WATER
(LATENT HEAT)

- SOLAR RADIATION
REFLECTION,
CONVERSION INTO
HEAT AND
HEAT FLUX INTO
SOIL REPRESENT

- 160 kWh A DAY

2-4 kWhIS CONSUMED
BY PHOTOSYNTHESIS

-WHICH IS LESS THAN
1% OF INCIDENT
SOLAR ENERGY



Open systems

Earth is exposed to energy of Sun

Life/biosphere developed thanks to solar
energy

Life is far from equilibrium and self-organizes
— life resists the universal tendency for things
to fall into dissarray, into thermodynamic
randomness

Schroedinger (1944): ,What is Life”



Positive examples

Succes stories



Sarah Higgins mitigated effect of deforestation of
Mau Forest in 1970s, 1980s (rain decline and

irregularities of rain in fields)

Support of shrubs (Leleshwa) and planting trees
(Eucalyptus) on their land (4000 acres) which
resulted in more rain, and clouds forming..

http://www.scientificamerican.com/article.cfm?i
d=clearing-forests-may-transform-local-and-
global-climate



Kenya Naivasha region

e Jospat Macharia (Oserian Farm) — 2,2 ha,
tanks for cca 100 m3 of water, retention and
inteligent distribution of water respecting
demands and adaptation of individual plant
species. (unique in the world context). In long
dry period the farm had green vegetation
which atracted wild animals. Jospat showed
that his farm is able to produce food for 80
persons.















Natural Se q uence Farming is based on recovery of vegetatlon
2 thrtmgh rain water: retention P













O. Hermann Bacher : ,,Ak to p6jde v Darewadi,
tak to p6jde kdekolvek..."

- naklady v Darewadi (1500 ha)
boli len 12 miliénov rupii (cca
270.000 € v kurzoch v r. 1996)

Vynosy z polnohospodarstva
stupli priblizne 6x a dosiahli 56
milionov rupii (cca 850.000 €)

Pocet studni stupol 20x, plocha
polhohospodarsky obrabanej
pody 2x, vlastnici televizorov
40x, motorky z 0 na 83. Objavili
sa i prveé styri traktory.
obyvatelstvo sa zacalo vracat
spat z miest



Zvysovanie hladiny podzemnej vody (Darewadi)
increase of underground water level

900 0
800 -1
700
- -2
e 600 = L
- /—’/V F -3
= 500 /,——" —
g8 - ] - -4
L 400 7 — —
E | ] / 5
L 5
300 7 —
P 6
< 200 M & —
100 - -7
0 - - -8
e 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2005 | 2007 | 2008 | 2009 —_—
== Rainfall {mm) | 219 378 | 3688 | BSH5 | 498 510 460 509 485 448
— WL Below GL | 6.5 5.8 445 45 42 -35 -3.1 -3.1 -3 -2.6




