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THE AGE OF GEOTHERMAL WATERS OF SERBIA
AS AN INDICATOR OF CLIMATIC CHANGES

by
Mihailo Milivojevi¢”

Climatic changes influence on surface water resources directly and in that way, more or less, more
quickly or more slowly, by means of waterfalls, the quantity and quality of ground waters or
hydrogeological resources, namely their sustenation. The conclusion about the influence of climatic changes
on ground waters can be drawn on the basis of isotope research (*H,“C) by means of which their origin and
age are determined most reliably. Present investigation results of the origin and age of ground water
resources at the most famous hydrogeothermal regions, as well as the sustenance forecast of their quality
and reserves depending on still existing and future climatic changes will be shown in this paper.
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KnumaTcke mpoMeHe IUPEeKTHO yTHIY Ha MOBPIIMHCKE BOJJHE pecypce, a THME, Makhe MU BHIIIE, Ofl-HOCHO
Op>Ke WM cIopHje, Ha KOJIWYMHE W KBAJIHUTET MOA3eMHHX WM XHJPOTeONOIIKIX BOFHHX pecypca. O yrumajy
KJIMMATCKUX TIPpOMEHa Ha HOJ3eMHE BOJHE pecypce MOXKe Ce 3aKJbyUMBATU AUPEKTHO W CATYPHO Ha OCHOBY
U30TOICKHUX UCIHHUTUBaWa MOoMohy KOjUX ce HajroysfaHuje ofpebyje mopekno u crapocT MoA3eMHHUX Bopa. Y
pany he ce M3HeTH focafalIki Pe3yATaTH UCIUTUBAaKa NMOPEKJa M CTApOCTH MOJA3eMHHUX BOJHHUX pe-cypca ca
HAjIIO3HATHjUX IHbUXOBHUX HANA3UINTA M AAaTH IPOTHO3a OfPKHUBOCTU HHXOBOT KBAJINTETa y 3aBHCHOCTH Off Beh
HaCTaluX U OyAyhuX KIIMMaTCKUX IPOMEHa.

KIby4He peun: reoTepManHa Bojia, NaJeoKJIiMa, CTapocT Bofie, n30Ton C, oipuBOCT pecypca.
INTRODUCTION

During two past decades we have witnessed unfavourable consequences of human
activity on our environment, making this problem the common concern of the whole
mankind. This self—destructive war, one has started against nature becomes more and
more cruel and dramatic every day. One of its main causes is an amuck race for profit
impacting our environment fatally. In other words, the conflict between profitable and
ecological aims spreads constantly.

" Faculty of Mining and Geology, Institute of Hydrogeology, Geothermal Energy Laboratory, Djusina
7, 11 000 Belgrade (e-mail: martin@eunet.yu).
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It is obvious that the shortage of water, food and raw materials, as well as pollution
of atmosphere will be a big problem to the mankind in 21* century, bigger even than
wars or political conflicts. It becomes clear to all people that "feast" of life resources
will not last long. In connection with it, rich, namely scientifically and technologically
most developed countries already get ready to solve the problem with regard to water in
different ways. The solutions will most likely be in the form of conqueror wars against
undeveloped countries having "water surplus” now. In this whole context hydrogeother-
mal resources as part of hydrogeological resources are of great significance because of
their sustenation with regard to both quality and reserves in relation to other hydro-
geological resources. Both results of the research of the age of the main geothermal wa-
ters occurrences (Fig. 1) from the reservoirs of hydrogeothermal convection systems on
the territory of Serbia by Isotope methods performed within the evaluation of energetic
potential of hydrogeothemal resources (Milivojevi¢, 1989) and its significance for the
evaluation of spa development sustenance are shown in this paper.
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Fig. 1. The main geothermal waters occurrences in Serbia.
Cu. 1. Jlokauuje nojaBa NCIUTHBAHUX F€OTEPMATHAX BOJA.
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THE AGE OF GEOTHERMAL WATERS AND CLIMATIC CHANGES

After defining isotope composition of rainfalls (Craig, 1961) isotope composition
study of ground waters of all kinds started. It was established first that isotope composi-
tion of cold ground waters in aquifers at shallow depth in the earth’s crust is approxi-
mately equivalent to the mean (average) isotope composition of the rainfalls, falling at
the catchment area of aquifers. It can be said that since the discovery the conditions for the
study of the influence of climatic changes on hydrogeological resources have been estab-
lished. The influence of climatic changes on the regime of both rainfalls and hydrogeologi-
cal resources can be discussed best on the basis of the age of ground waters The age of
ground waters represents the period of time of their stay in an aquifer from the moment of
atmospheric water infiltration into it to the moment of its outflow back to atmosphere.
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Different radio active isotopes of elements in them are used for groundwater dating.
Those are hydrogen, namely tritium T(H), carbon '“C, silicon **Si, chlorine *°Cl, argon
YAr, krypton *'Kr, krypton ¥Kr, or ratio U/He. The most appropriate, for dating, among
these isotopes are tritium T (*H) and carbon "C. Tritium is an ideal marker of waters in
general, because it goes into the composition of water molecules. Its wide spread in the
atmosphere is well known and observed systematically. Restrictions owing to a short pe-
riod of half decay are the only disadvantage in tritium application. Radioactive isotope
of carbon 'C is the most convenient isotope for dating of ground waters for the only
condition is that they contain dissolved bicarbonates and medium period of their
retention in aquifers is several thousand years.

By measuring both specific activity of C and the content of TCH) (tritium) it is
established that all ground waters, according to their age, can be divided into four
groups: 1) Contemporary waters. They have high specific activity '“C (>60% contempo-
rary carbon) and tritium concentration equal, or a bit higher than annual average of trit-
ium activity concentration in rainfalls. Surface waters and ground waters with relatively
short period of retaining in the Earth’s crust, namely in aquifers belong to this group. 2)
Holocene waters. Meteoric waters infiltrated in aquifers during Holocene when the cli-
mate was warmer do not contain tritium and the specific activity of their '*C is 20%
bigger than the specific activity of contemporary carbon, namely their age is about
10,000 years and denotes the end of the last glacial period; 3) Waters from 10,000 to
25,000 years old. The specific activity of '“C of these waters is from 5% to 20% of
contemporary carbon, in other words they are from 10,000 to 25,000 years old and they
do not contain tritium. 4) Old waters. The specific activity of '*C of the waters belong-
ing to this group is 3% lower than the specific activity of contemporary carbon, in other
words they are above 30,000 years old. They do not contain tritium either. As the upper
limit of isotope '“C dating method is about 40,000 years considerably older waters be-
long to this group too.

THE AGE OF GEOTHERMAL WATERS IN SERBIA

The isotope '“C dating method of ground waters includes both a number of the
most famous mineral and geothermal water occurrences and a smaller number of shallow
cold waters of Serbia region. The investigations were carried out in the period from
1986 to 1988 (Milivojevié, 1989), and they represent the only investigations of this
kind in Serbia so far. There were investigated totally 57 samples.

On the basis of the obtained results of investigations of the age of today’s geother-
mal, mineral and cold shallow water phenomena from Serbia region it can be concluded
that by using '“C it is possible to relate the water age to geological age, namely to
younger periods of Quaternary. In connection with that it is interesting to see which cli-
matic period today’s ground waters date from, namely how much climatic changes influ-
ence the quality of ground water resources. As the isotope '“C enables dating to 40,000
years back the isotope content of water can be correlated reliably with climatic changes
in Holocene.
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In hydrogeothermal systems with relatively deep reservoirs, when interpreting un-
derground water circulation conditions, it should be considered that climatic changes in-
fluence the processes of filling and emptying of the systems by mass, namely water. It is
a general statement that glacial periods at higher latitudes and altitudes correlated with
periods of low evaporation and high level of rainfalls at middle latitudes. Many research
workers dealt with climatic change forecasts by means of air temperature changes in
Quaternary, so several models were made. Long ago it was proved by different methods
that during Quaternary climate often and considerably changed, so that glacial and warm
periods replaced one another, in other words glacial and interglacial periods (Milanko-
vié, 1941). After the last glaciation climatic changes reduced considerably, they appear-
ed in several last thousand years and have lasted till now.

For our considerations the most important models are those related to medium lati-
tude of the Northern hemisphere. One of the oldest, and at the same time one among the
best paleoclimatic models is the one performed by Ronjon & Viliams (1977) includ-
ing the youngest period of Pleistocene and Holocene. According to their paleoclimatic
reconstruction for the period of previous 40,000 to 20,000 years B.O. (before the origin)
there were high rainfalls and a cold climate. In the period from 17,000 to 12,000 years
B.O. intertropical aridity reigned, and then in the period from 11,000 to 5,000 years
B.O. there were high rainfalls.

A lot of research workers dealt with climatic changes in Holocene because climatic
changes in this youngest period of Quaternary are very important for understanding of
climatic changes in historically past, present and future time. All those models published
till 1983 were collected and reinterpreted by Vasseur & Lucazeau (1983). In their
opinion, all models fit as far as the position and time of warm and cold periods are con-
cerned on the basis of changes of paleotemperature. The results of their detailed analysis
reach as far as 12,000 years back, starting from 1980, which was used as the time ob-
servation point, namely from this year climatic changes were reconstructed backward.
They separated the following climatic periods: Subatlantic period (1000 to 2200 years) is
generally considered to have been a little bit colder than today’s period; Subboreal epoch
(2200 to 5000 years) is considered as a warm one; Atlantic period (5000 to 7000 years)
is the warmest in Holocene; Botnian period (7000 to 8000 years) is less warm than At-
lantic period; Boreal period (8000 to 9500 years) is the one we are most familiar with,
but in most models warmer than today’s; Preboreal period (9500 to 10,500 years)
matches the temperature increase of post Pleistocene glacial period. The last glaciation in
West Europe (Wiirm) was between 10,500 and 65,000 years before the year 1980
(Woillard, 1979; Lamb, 1977, Washburn, 1980).

On the basis of the given results of paleoclimatic reconstructions it can be concluded
that majority of artesian hydrogeological, namely hydrogeothermal systems were discarged
intensively during cold climate in the period between 20,000 and 10,000 years B.O because
rainfalls were low and catchment areas frozen and because of that water unpermeable and
supplied when opposite climatic conditions prevailed, in other words in the period between
10,000 and 5,000 years B.O. Accordingly, important changes of artesian hydrogeological and
hydrogeothermal systems took place in the period between 20,000 and 5,000 years B.O.
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Climatic changes influence the content of stable isotopes in groundwaters. The gen-
eral statement is that small contents of, 8O and &°H denote cold and wet paleoclimatic
periods. In connection with this diagrams were made presenting the values of &H and
3"0 in relation with the mentioned paleoclimatic classification, namely the age of water.
One can see, on the Figs. 2 and 3, that reservoirs of more than a half of total number of
investigated hydrogeothermal systems (about 60%) were reacharged in the period of
15,000 to 30,000 years ago when the climate was cold. Reservoirs of the remaining sys-
tems (about 40%) were recharged in the period from 2500 to 10,000 years ago, namely
during the period of warm climate after the last glacial period.
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Fig. 2. Content of 80 versus age of geothermal water.
Ci1. 2. Onoc cagpsxaja 8'*0 u crapocru (pema '“C) reoTepManHux Bojia.
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Fig. 3. Content of 0D versus age of geothermal water.
Cn. 3. Opnoc cagpskaja 0D u crapoctu (mpema *C) reotepMasIHUX BOJa.

In the connection with this water age analysis, based on the radioactive carbon '*C
method, it should be said that the problem is complex and that increased values are most
often obtained so suitable complex corrections should be made. They were not made in
this case, so the values obtained for the younger age should be considered more reliable
than the data for the older age. On the whole, the obtained results agree with hydro-
geological models of most systems as far as the way, direction and water circulation
length duration in their reservoirs is concerned, and are very illustrative as far as demon-
stration of the sustenance of hydrogeological resources is concerned, referring to nowa-
days and future climatic changes.

SUSTENANCE OF GEOTHERMAL WATER RESERVOIRS IN SERBIA

The quality of clear drinking groundwaters in their aquifers has been damaged con-
tinually by human unconcern and in this way their reserves are reduced directly, while at
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the same time the needs for them increase because of the population growth as well as
need for food and medical treatment. This very delicate present situation obliges to both
rational development and managing of hydrogeological resources with prime obligation to
save them, preventing changing their quality for the worse, and reducing, now available
reserves, for future generations.

In connection with all this the sustenance of present reserves is the most important
thing, first of all with regard to quality and then with regard to preservation of existing
reserves and their increase. According to the concept of sustainable development from
the point of view of economics, only the things that make profit are sustainable, so this
factor must be taken into account. On the other side sustenance of development is re-
duced to the development based on using local resources. This concept must be valid for
hydrogeological resources too, in other words to groundwaters of any kinds.

In consideration of problems that appear in connection with he sustenance of hydro-
geological resources the age of ground waters is one of the main parametres pointing out
advantage of hydrogeological resources in that respect. Presented results point out that
geothermal waters flowing out from investigated occurences, most of which can serve as
drinking water, come from atmospheric waters infiltrated in the Earth’s crust, namely to
nowadays reservoirs as long time ago as their "“C age is.

As the age values of most occurences are older than 2000 years, it means that they
are practically sterile, because in the period of their infiltration there were no harmful
impacts of human activity to atmospheric and ground waters, in other words those
waters flow out to the surface nowadays. On the other side, it means, further that by
human activity, nowadays more or less polluted atmospheric waters, infiltrating in the
Earth's crust in the same way, after travelling through their accumulations will appear on
the surface only in as many years’ time as the measured '“C age is.

This law means that nowadays favourable quality of ground waters, under the con-
dition that no harm is done to accumulations on the way from recharging zone to dis-
charging zone, minimally for several dozen of future generations, namely, for several
hundred years. It is valid for artesian aquifers of groundwaters, covered by water imper-
vious rocks. Those are aquifers off all geothermal waters and aquifers of "cold" drinking
waters in artesian basins regardless of their geological composition.

CONCLUSION

The investigation of the age of the hydrogeological resources, namely, main geo-
thermal water occurences from Serbia region by means of '‘C isotope has given very
useful results on the basis of which climatic changes in the previous 40,000 years and
their impact on hydrogeological, namely hydrogeothermal systems can be related.

On the basis of above laws it can be concluded that unfavourable climatic changes
and the accompanying changes of quality and quantity of atmospheric waters cannot in-
fluence geothermal waters in hydrogeothermal systems as far as their quality is con-
cerned, certainly for the period future generations will live in. Climatic changes in our
moderate climatic area, can be unfavourable only if rainfall decrease takes place. In that
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case decrease of natural phenomena abundance can take place because it is regulated
from infiltration—recharging areas. Such unfavourable climatic changes and changing the
quality of the atmospheric waters for the worse will influence open aquifers mostly as
freatic and carst ones both in the quality of their waters and their reserves.

The practical significance of the obtained results is even more important, because
on their basis it can be affirmed that hydrogeological systems with hobbled aquifers in
Serbia region are very sustainable as far as the quality and the quantity of their water
resources are concerned.
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PE3NME

CTAPOCT TrEOTEPMAI/IHUX BOJA CPBUJE KAO IIOKA3ATE/b
KINMATCKHUX ITPOMEHA

Y papgy ce mpukasyjy pe3yiTaTd U3ydaBama CTapOCTU BehuHe ITaBHHX I0jaBa reo-
TepMalHUX Bofa ca Tepuropuje Cp6uje M30TONCKAM MeTofama Koja Cy IO NpBHU HyT
BpIIEHa Yy CKJIOIy OIleHEe €HepreTcKe MOTEHIMjaTHOCTH reoTepManHux pecypca Cpbuje
(Milivojevié, 1989), kao MHAMKATOpPa KIMMATCKUX MPOMEHA Y MPETXOTHUX HEKOJIHUKO
fleceTHHAa XWJbaja FOAMHA U H-EH 3Hayaj 3a OLEHY OipKUBOCTU XHUAPOTEOJOIIKUX HUIIH
MOJ36MHUX BOJHAX PeCypca yOIINTe.

CrapocT nofj3eMHuX Bofia NIpefiCTaB/ba BPEMEHCKY AYKIHY BUXOBOT OOpaBKa y 3eM-
JbMHOj KOpHM Off MOMEHTa HH(pUITpauuje aTMocgepcke Boje Of Koje je Hacrajia
MOA3EMHA BOJIA, O MOMEHTA HEHOT UCTUIIalka Ha3ajl y aTMocdepy.
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3a opgpebuBame crapocTé XHAPOTEONONIKUX pecypca, OJHOCHO IOJ3EMHHUX BOJA
KOpPHCTE ce Pa3NninTH PafoaKTHBHU N30TOIN eJeMEeHaTa KOju ce Hamase y mwuMa. To
Cy BOJNOHEK, Tj. TpuTHjyM T(*H), yripenmk “C, cumummjym *Si, xmop *Cl, apronm *Ar,
kpunton *'Kr, xkpunton *Kr mmm ommoc U/He. Op OBHX HM30TONA HajIIOTORHMH 3a
onpebuBame crapoctu cy TpuTHjyM u yribenuk “C, 0K ca OCTajJmMa MMa MOTEIKoha.
Tputujym je maeasHn oGeseXuBad Bofa YOIIITE, jep y/Ia3u y cacTaB MOJIEKylla BOJIE.
Hajmoroguuju m3oron 3a oppebuBame CTapocTH NOA3EMHHUX BOfA je pagnOaKTUBHA
U30TON yribenuka “C, 3aTO IITO j€ je[MHM YCIOB 1a OHE CafpXKe PacTBOpeHe OukapGo-
HaTe.

MeTopioM ofpebuBama CTapoCTH IIOA3EMHUX BOjla MoMohy u3oTomna “C 610 je 00yx-
BaheH u jegaH Opoj HajIO3HATH]UX TI0jaBa MIUHEPATHAX M T€OTEpMaIHUX BOJa, Kao | je-
JaH MamkU Opoj INIUTKUX XJIagHUX Bofia ca noapydja Cpb6uje. Ta ucnutuBama cy o6umna us-
BeneHa y nepuony 1986—1988. roguna Ha 57 y3opaka (Milivojevié, 1989).

Ha ocHoBy mobujeHnx pe3ynrara NCHHTHBaba CTAPOCTH AaHAIIBLUX I10jaBa XHPO-
reoTepMajIHUX pecypca ca moppydja CpOuje, MOXe ce 3ak/byuuTH fa je ca “C moryhe
CTapoCT BOJI€ Be3aTH 3a TEOJIOIIKY CTapocT, Tj. 3a Milabe opesbke kBaprapa. Ilomro ce
nomohy m3otona "“C moxe ogpebusaTn crapoct o 40.000 roguHa, TO ce MOXKe TOBOTHTH
y KOpeJalyjy 30TOICKH cacTaB BOJIE M IIPOMEHE KIIMME Y XOJIOLCHY.

Y XupporeoTepMalHUM CHCTEMHMa KOJ KOJUX KOJIEKTOPH 3ajieXy AyOOKO W mMajy
BEJIMKO XOPH3OHTAJHO TpyXame, Tpeba cMaTpaTd ja KIMMaTCKe NMPOMEHE yTHIy Ha
npolece NpuxXpamuBamba U Mpakkbemka cucreMa. OMITa je KOHCTaTaluja Aa cy rianujai-
HY TIleprofu Ha BehnM reorpagpckiM mmprHamMa ¥ BUCHHAMa OWMIIM Y KOPENaTUBHO] BE3N
ca TepUOANMa Malle eBalopalyje U BUCOKHX MajJaBMHA Ha CPENHHMM reorpackuM Iu-
pHUHaMa.

PasnmmuntuM MeTopama je ofaBHO HOKa3aHOo Aa ce y TOKY KBapTapa KiuMa 4ecTo 1
3HaTHO MeHalla Tako Jla Cy Ce CMEHmHBala JIefileHa W ToIlla foba, Tj. IJIalijalloH: U
unTepraanujanronn nepuonn (Milankovié, 1941). ITocne 3ame raanujanuje NpoMeHe
KJIIME Cy 3HATHO Mamhe, OHE CE jaBlbajy y 3aibUX HEKOJIMKO XW/bajla TOfNHA U TPOAY-
>KaBajy 1o JjaHac.

Moske ce 3akiby4unuTH fia je BehuHa pesepBoapa XuaporeoTepMaaHuX cucTemMa O6mina
VHTEH3UBHO MpaxKibeHa 3a BpeMe xnafnux nepuopa uzmeby 20.000 u 10.000 roguna npe
HOBE epe, jep Cy NajlaBuHe Omiie MaJjie a Mofipyyja MpuxpamiBamba 3anehena u 36or Tora
BOJlOHenponycHa. IIpuxpamMBaHu Cy Kaj cy INpeoBilabuBaam CynmpoTHH KIMMaTCKA
ycioBH, ogHOCHO y iepuony m3mMeby 10.000 n 5.000 rogmHa mpe HOBE epe.

Capp:kaj cTabWIHUX W30TOIA Y BOaMa METEOPCKOT MOopeKiIa AUPEKTHO 3aBHUCH Off
KImMaTckux ¢akTopa. [log3eMHe Bojie y BUIIETOAMIIELAM HHTEPBAIMMa OfipaskaBajy yr-
JIaBHOM IIPOCEYHE JIOKAJHE KIMMAaTCKe YCIIOBE KOjH YCIOBJbaBajy CKOPO KOHCTAHTAH
cafpxkaj crabmwiIHKUX n3otona. MebyTumM, cBaka 3Ha4ajHHja KIMMaTCKa IIPOMEHa Y HEKOM
BPEMEHCKOM IIepHOfly, KOju je Ayr y mopebemy ca m3paBHameM H30TOICKOT CacTaBa
JOKaJHe M3faHu, Oumhe obenekeHa NMPOMEHOM cajipxkaja cTabmiHuX m3oroma. Ommra
KOHCcTaTanmja je ma mamm caapxaju 80O n §°H y ogHOCcy Ha cafpkaj UCTHX M30TOMA Y
JaHaAIIKBUM afjaBHHAMa O3HAavaBajy XJIajHe U BIIasKHe MajeoKINMaTCKe IEPHOIE.

Y Be3u ca rope U3HETHM 3aBHCHOCTHMA M KOHCTaTalujama n3pabeHu cy amjarpamu
Ha Kojuma cy npukaszane Bpegnoctd 8°H u §'°0 y ncnutuBanuM BogaMa ca MOMEHYTOM
najJeoKINMaTcKoM nopenoM. Ca cnrka 2 U 3 ce BUJU ia ce MPHUXpPamUBambe CKOPO CBHX
HUCKOTEMIIEpaTypHUX OTBOPEHUX KaPCTHUX KOHBEKTUBHUX CUCTEMA M CUCTEMa ca pe3ep-
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BOapyMa y IpaHUTOMAHAM MacHBIMa U3BPIIMIIO NIPH KPajy MOCIEAHET BIasKHOT IEpHOfia
n nocne wera. Hajmamn 6poj HCMUTHBAHUX BOA MOTHYE M3 HajcTapHjer BIIasKHOT Iie-
puoia umMja je PEKOHCTpyKIMja MpeKo caipxkaja '“C Mare CHTYpHA y WHTEpBANy Off
25.000—40.000 roguHa pe HOBE epe.

Y nenuHu, RobujeHn pe3yaTaTH ce FOOpO Claxy ca XUAPOTEOJIOMIKIM MOJeNnMa
BehmHe cucreMa 1o mUTamy HAadMHA, IPaBIa W AYXXHWHE Tpajama IMUPKyJanuje Boma y
BUXOBAM pe3epBoapuMa M BeoMa Cy WIYCTPaTHBHH 10 TNHTalky JOKa3WBama
OAP>KMUBOCTH XHUAPOTEOJIOIIKUX pecypca y OffHOCY Ha cajamme u Oynyhe KimmaTcke
TIPOMEHE.

O63upoM Ha mpoOieMe KOjUu Ce MCIOJbaBajy Y Be3H ca OApPKUBOIIhy KBaJUTeTa
MOBPIIMHCKAX BOJHUX Pecypca, U ININTKAX XHUPOTEOIOMIKNAX PECypca, CTapoCT HOA3EM-
HUX BOJIa je jeflaH Of TJIaBHUX MapaMeTapa Koju MoKa3yje MPEeIHOCT TyOOKUX XUPOTeo-
JIOIIKAX, & HAPOUUTO XMAPOTEOTEPMATTHUX pECypca y TOM NOTJIeNy.

INpuka3ann pe3ynraTtu ykasyjy fila MOA3EMHE BOfe, KOje cajja MCTHIy Ha HCIUTH-
BaHWM II0jaBaMa, IOTHYY Of aTMOc(epCKuX Bofia Koje Ccy ce HH(pUITpUpale y 3eMIbUHY
KOpY TIPE€ OHOJIUKO BpPEMEHa KOJNMKO u3Hoch “‘C—crapoct. [lomro cy BpegHoCTH cTa-
poctu 3a Behuny nojasa Behe op 2.000 roguHa, TO 3Hauu fja Cy OHE MPAKTHUYHO CTEPUIIHE,
jep y BpeMe mHUXOBe MH(pWITpaluje HHje OWIO HMKAKBHUX IITETHUX YTHUIAja JbYACKE
aKTHBHOCTH Ha aTMocepcke u nogzeMHe Boje. C ipyre crpaHe, TO 3Ha4H Jia JbyICKOM
akTHBHOUIhY, 3arabeHe aTMocdepcke Boie, Koje ce HH(PUITPUPa]y y 3eMIbIUHY KOpY, he
ce mociie mMpojacka Kpo3 HWXOBEe TOA3EMHE aKyMyllaldje TOjaBUTH HA 3E€MIBHHO]
MOBpIIM TEK 3a OHONMKO TOJMHA, KONMKO M3HOCH m3MepeHa “C—crapocr. OBba
3aKOHUTOCT 3Ha4M jja he ce cajjalimby MOBOJbAaH KBAJIUTET TOA3EMHAX BOAIA, TIOJ] YCIOBOM
[a ce HACWIIHO HE IMOTOpIIa Of CTpaHe JbYAU Ha IIyTY Off 30HE NpUXpamNUBama A0 30HE
UCTHUIAKa, 3a[p>KaTiH MIHIMAJTHO 32 HEKOJIMKO ieceTuHa OyAyhux reHepanuja, OGHOCHO,
MHUHUMAaJIHO HEKOJM-KO cToTMHa ropuHa. OHa BaXu 3a cameTe u3faHW. TakBa cy
HaJIa3WIITa CBUX reOoTepMall-HAX BOAa M HAJa3WINTa—M3[aHN NMUTKAX BOAA Y apTECKUM
GaceHnma 6e3 0063upa Ha HIXOB IeOJIOIIKH CaCTaB.

Ha ocHOBY ropmux 3aKOHHTOCTH MOXKE ce€ 3aKJbYUHWTH [la HEIOBOJbHE KIIMMAaTCKe
nmpoMeHe H mpaTehe MpomeHe KBajWTeTa W KOJMMYMHA aTMOC(EPCKHX BOAa HE MOTY
YTHLATH Ha XUAPOTEOJIOUIKe pecypce Yy OOMMYy XHAPOTeOTEpMalHMX CHCTeMa Kaja ce
pajgyu 0 BIXOBOM KBAJIMTETY, CATYPHO 3a Neprof] y KoMe he XXuBeTn HapegHe TeHepanyje.
IIpoMeHe knmMe y HallleM YMEpPEHOM KJIMMAaTCKOM Iojacy, Kaja ce paju O HUXOBOM
yTHLaj)y HA XUAPOTEONIONIKE pecypce, MOTy OMTH HENOBOJbHE caMO ako OyAy y HpaBIy
CMamema MafgaBuHa. Y TOM CIy4ajy MOXe HOohM 0 cMamema M3JAIIHOCTH NMPUPOJTHIX
mojaBa, jep je OHa peryinucaHa U3 NOApydja HMH(pUITpaluje—NpHXpambuBamba. OBakBe
HETIOBOJbHE MPOMEHE KJIMME ¥ MOTOpIIamkhe KBATUTEeTa aTMOC(EepPCKUX BOfla Ha TTOAPYYjy
Cp6uje he HajBuie yTHIATH HA OTBOPEHE M3MAHU, KAo IITO Cy (ppeaTcke M KapcTHE,
KaKo y NOIJIely KBAIUTETA BbUXOBHX BOJIA, TAKO U y TIOTJIEly PE3EPBH.



