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Summary

There is growing empirical evidence that the length of the return periods of extreme hydrological events, such as
floods and droughts, is decreasing, i.e. the frequency, or the probability of extreme events, is increasing yielding more
frequent disasters at both ends of the hydrological spectrum. Furthermore, it is observed that the 100-year flood
occurs nowadays every 20 years or so in many parts of the world. Together with the ever-increasing world population
these drivers cause a decreased water security. Also, the question of what caused the change in the hydrological cycle
that seems to accelerate or intensify is being asked? Some argue that it is basically due to the large planetary cycles,
such as the Milankovi¢-Bacsdk cycle, while others attribute it to the increasing green house concentration ever since
the industrial revolution. However, the acceleration of the hydrological cycle has been observed quite recently at a
decadal time scale, which is by orders of magnitude much smaller when compared to geological time scales of the
MB-cycle. The hypothesis that is being tested, and has already yielded quite important affirmative answers, is that the
intensification of the hydrological cycle is due to anthropogenic changes observable since the industrial revolution.
On the one hand, new design methodologies and standards are needed to properly take into account the non-sta-
tionarity of hydrological processes as the current design methodologies, such as the concept of T-year design floods,
developed under the hypothesis of stationary hydrological processes, is not valid anymore. On the other hand, these
global drivers might lead to some serious reductions in water security if not to water conflicts. Both mitigation and
adaptation measures are equally needed. It is argued that the re-examination of some of the structural measures, such
as the need for more water storage, is necessary at all scales.
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Klimavaltozas, hidroldgiai szélsGségek
¢s vizbiztonsag a (egy) globalizalt vilagban
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Osszefoglalas

A cikk a vizbiztonsag szempontjabodl dttekinti a vizgazdalkodds jelenlegi f6bb globdlis kihivasait és a lehetséges meg-
oldasok korvonalait, ideértve az ENSZ Fenntarthat6 Fejlesztési Céljait (SDG). A globdlis népességdinamikai elére-
jelzések és a varhat6 klimavaltozds tiikrében a jelenlegi vizgazdalkodasi gyakorlat nem tarthato fenn a XXI. szdzadban,
ami a vizbiztonsag csokkenését, illetve stlyos konfliktusok kialakulasit eredményezheti. Ezért paradigmaviltas sziik-
séges. A viz a XXI. szdzad egyik legnagyobb, ha nem 2 legnagyobb kihivisa lesz. A XX. szdzadi népességrobbanas
kovetkeztében — amikor is egy évszdzad alatt a Fold népessége 2 milliardrol 6 millidrdra haromszorozodott, mikoz-
ben a vizkivételek globdlisan meghatszorozédtak — az egy fére jutd éves vizkészlet 1975 6ta drimain lecsokkent:
12 000 m?/f8/évr6l a mostani 5000 m?/f6/év vizmennyiségre. A vizkészletek csokkenésére azonban nem lehet
olyan linedris elérejelzést adni, mely szerint a kovetkez8 35 éven beliil az emberiség , kifut” vizkészletébdl, hiszen a
hidrolégiai ciklus allandéan megujitja a vizkészleteket, dm kétségtelen, hogy tovabbi csokkenés varhatdé. Ma a Fold
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édesvizkészlete épp annyi, mint a holocén klimaoptimum idején volt. Ugyanakkor a felhasznalék szima haromszoros
exponencialitdssal novekedett, bar méar felismerhetSen egy logisztikai gorbe felé tart, és a szdz év mdalva varhato
12 millidrdos népesség eléri azt az aszimptotat, ami a fenntarthat6sig hatdra. Azt meghaladva (human és 6kologiai)
rendszereink irreverzibilis allapotba keriilnek, és gyorsuld sebességgel az Osszeesés felé tartanak. A vizkészletek egy
f6re jutd csokkenése elsGsorban a fejl6ds orszagokban jelentSsen novelheti a vizkészletekkel kapesolatos konfliktus-
potencialt, mivel a klimavaltozéds primer médon a viz altal manifesztilodik. A szélsGségek eléforduldsi valdszindsége
virhatéan tovabb novekszik, azaz tobb arviz varhat6é, am ugyanakkor az aszilyossig mértéke térben és idGben is
novekedni fog. A tavérzékelés és a szamitdsi korlatok voltaképpeni megsziinése azonban 4j lehetéségeket nyitott a
numerikus hidrolégiai modellezésben a lokalistél a globdlis szintig a Big Data algoritmusok, a mesterséges intelligen-
cia és a blokklanc-technol6gidk alkalmazdsaval. A digitdlis technolégiak teljesen ) lehet&ségeket teremtenek. Globa-
lis valtozas és adaptacio sziikséges a vizgazdalkodds minden szintjén, az integrilt vizgazdalkodastol kezdve az intéz-
ményes felépitésen dt az oktatdsig és kutatdsig. A megdllapitis egyarint érvényes a fejl6d§ és az iparosodott
orsziagokra. Kilonosen érvényes ez Magyarorszagot illetSen, ahol az elmult évtizedek a dezintegralt vizgazdilkoddsi

intézmények sajndlatos példdjat mutattak.

Kulcsszavak: vizbiztonsag, konfliktuspotencidl, klimavéltozas, gyorsuld hidrolégiai korfolyamat, vizkatasztrofik

Introduction

As a result of the population explosion of the 20th cen-
tury — when, in a single century, the Earth’s population
tripled from 2 billion to 6 billion while water abstraction
has increased six fold worldwide — a gap has opened up
that is impeding the sustainability of our human and en-
vironmental systems (UNESCO 2018) and may lead to
decreased water security and to potentially serious con-
flicts. This emerging issue, however, has not been treat-
ed extensively prior to the mid nineties. The picture has
become even darker by today when the world popula-
tion exceeds 7.7 billion humans.

Water security as a new concept became the focus of
extensive debates in the first decade of the 21st century.

After a lengthy process a consensus-based definition of
the concept was elaborated by UN-Water (2013) that
reads as follows: “The capacity of o population to safe-
guavd sustainable access to adequate quantities of accept-
able quality water for sustaining liveliboods, human well-
being, and  socio-economic development, for ensurving
protection against water-borne pollution and water-relnt-
ed disasters, and for preserving ecosystems in a climate of
peace and political stability.”

This definition goes far beyond the somewhat stricter
notion of water security that primarily concentrated
on water conflicts and their resolution. In that regard
Fraser—Hipel (1984) provided the first comprehensive
groundbreaking treatment on water conflict analysis and
resolution. The utilization of transboundary water re-
sources became an important subject worldwide in the
seventies of the 20th century. Intergovernmental discus-
sions started within the United Nations, which, after
some twenty-seven years of negotiations, led to the
“Convention on the Law of the Non-navigational Uses of
International Water Courses”, shortly: New York Con-
vention, adopted by the United Nations General Assem-
bly (United Nations 1997). It took yet another seven-
teen years until the Convention entered into force in
2014 as it had to be ratified by 36 UN Member States.

A number of countries still fiercely oppose that conven-
tion and are not ready to ratify it The Convention. Al-
though the convention is rather weak one needs to rec-
ognize the political sensitivities between upstream and
downstream countries that were linked to issues of na-
tional sovereignty and hindered the process a great deal.
It was not until the end of the 20th century when, with-
in the framework of its International Hydrological Pro-
gramme (IHP), that UNESCO took the lead and
launched, not without major opposition by certain gov-
ernments, the PCCP initiative (From Potential Conflicts
to Cooperation Potential) within the framework of the
UN World Water Assessment Programme (WWAP).
A large number of methodological guidelines and case
studies were published over the first fifteen years of
PCCP that are available on the Internet (UNESCO
2005). Not surprisingly quite a large number of studies
are concentrating on the difficult water situation in the
Middle East (Turkish Government 1996; Murakam:
1995; Biswas et al. 1997; Strategic Foresight Group 2013;
Megda et al. 2013). The World Water Council (1997)
published a commission report on a water secure world.
Earl and colleagues ( Earle—Jigerskog—Ojendal 2010) and
Gonziles (2007) provide a global overview while Hori
(2000) assesses the situation evolving in the Mekong Ba-
sin, another not easy area. The Red Cross issued a popu-
larized volume on war and water (ICRC, n.d.) while
Ganoulis—Fried (2018) examine the issue of transbound-
ary water governance from conflicts to shared manage-
ment. Due to the still unsettled dispute between Slova-
kia and Hungary concerning the Gab¢ikovo-Nagymaros
dam conflict quite a number of publications are devoted
to the utilization of the Danube River (Jansky-Muraka-
mi—Pachova 2004; Samsondi Kiss 2019). Under the aus-
pices of the Geneva Water Hub an international global
high-level panel on water and peace, led by former Pres-
ident of Slovenia, Danilo Turk, was set up, that pub-
lished its report (GWH 2017) that covers a wide range
of concrete recommendations with respect to water se-
curity in an international context.
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The Drivers

There are two major drivers that impact significantly wa-
ter security at all scales, from local to global. Those are
the impacts of population change and of climate change.
At the global scale the average annual water supply per
capita has decreased dramatically since 1975: from a
global average of approximately 15,500 m?/person/
year to an average of 5,000 m?/person/year by today. It
should be emphasized that this number is a global aver-
age for the current population of 7.7 billion, with a very
wide range from 120,000 m?/person/year in Canada to
11,700 m?/person/year in Hungary and to 120 m?®/
person/year in Jordan. Today, the Earth’s freshwater
supply is as much as it was during the Holocene Climate
Optimum in the period between 5,000 and 9,000 years
ago. 97.5% of all water is contained in the seas and
oceans, while the remaining 2.5% is humankind’s fresh-
water supply. About 60% of this is solid water, i.e. ice and
snow found in the Arctic, Antarctica, glaciers, alpine
snow cover and in the permafrost. 90% of the remaining
freshwater is non-frozen groundwater. What is left is a
total of approximately 42,000 km? of easily accessible
surface water (Shiklomanov—Rodda 2003), 90% in lakes
and reservoirs, and the remaining 10% in rivers and oth-
er watercourses. What is available, therefore, for imme-
diate human use is a mere 0.007% of the total water on
Earth.

Over the last century, the number of water users has
increased threefold in an exponential manner. This is the
primary reason for the drastic decline in water resources
per capita.

The growth of water abstractions in the 20th century
took a sharp increase. Today the total water use is not
far from the 4,000 km?/year proposed planetary limit
(Rockstrom et al. 2009) that has been recently revised by
Gleeson et al. (2020). At the same time, the pace of
growth is slowly moving towards logistic growth, that is,
to the threshold of Earth’s carrying capacity. Therefore,
the concept of sustainability is not an oxymoron but the
very key to humanity’s survival. Developing countries,
especially in Asia, account for 60% of humanity, but only
36% of the global water supply. That in itself could be a
potential source of conflict, given that in hundred years
time the Asian population will likely grow up to 7.2 bil-
lion, that is almost the same as the current world popula-
tion. Yet, the Asian water resources will be the same. On
top of this, the climate change and its effects are being
further superimposed on the population growth induced
change.

The global water crisis does not mean that water “is
running out” for humanity, since the hydrological cycle
is a continuously renewing cycle. The crisis essentially
stems from the way the institutions manage water re-
sources. What sort of legal framework do we establish
and how effective is it; how do we operate our hydro-
meteorological observation systems; how to make pub-

Andras Szodllési-Nagy

licly available measurement data about water as a public
asset; how, if at all, does scientific research support gov-
ernment decisions: is there a national interdisciplinary
water management institute for the development of in-
novative technologies, how are we training our profes-
sional workforce, are we establishing integrated water
management or are we disintegrating our systems
through selfish political aims and lobbying? These are
some of the questions that need to be addressed with a
high degree of urgency.

The effects of climate change
on the hydrological cycle

The other significant driver is climate change. The pri-
mary effect of climate change on the hydrological cycle
is likely to be the acceleration of the cycle (Szolldsi-Nagy
2018«). This can have many serious consequences,
namely that more extreme hydrological events will occur
per unit time. The frequency and scale of floods will like-
ly increase. The increase in water-related disasters was
already evident in the 20th century. Nearly 80% of all
natural disasters were water-related.

The condition of continuity must always remain valid
— there is just as much freshwater on Earth today as dur-
ing the Holocene Climate Optimum —, which can only
happen if the duration and extent of droughts are also
increasing. Of course, it should be emphasized that at-
mospheric and hydrological processes are characterized
by a multitude of complex elements related to feedbacks,
strong non-linearity, chaos and stochasticity. This is pre-
cisely the reason why many large-scale climate simulation
models may lead to somewhat contradictory results, al-
though there are no contradictions when it comes to
identifying major trends.

With the temporal and spatial variations in rainfall pat-
terns, groundwater reserves can also change significant-
ly; so climatic changes and fluctuations can affect the
entire hydrological cycle, therefore the safe access to wa-
ter as well. Climate change is thus superimposed on an-
thropogenic effects — granted it is partly anthropological
in nature as well — that is, it is expected to further exac-
erbate the uncertainty of hydrological events and thus
the risk factors related to water management.

The nearly 30 percent increase in the global popula-
tion to take place over the next 35 years, resulting in a
population of more than 9 billion people, is expected to
cause changes orders of magnitude greater than those
expected from climate change during the same period in
the hydrological cycle and water management. A con-
sensus is emerging that about 80% of the change in hy-
drological variability is caused by population change and
its related effects, while the rest is triggered by climate
change. Water on the other hand is the primary medium
for climate change, whether it is sea level rise due to
thermal expansion or the land portion of the hydrologi-
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cal cycle, including the role of melting glaciers and per-
mafrost.

Unfortunately, however, it is precisely the hydrologi-
cal cycle — perhaps the most sensitive and least under-
stood part of the climate system — that receives the least
attention in current debates and research on climate
change, including water security. The importance of
solving this, literally, vital question central to humanity’s
survival, and the importance of adaptation via water
management cannot be emphasized enough.

The future will not be like the past

Over the past several decades, there have been many
signs that the hydrological cycle has changed fundamen-
tally. One record of this, as mentioned earlier, is the in-
creased likelihood in the occurrence of extremes. The
existing classical hydrological statistical methods, i.e. as-
sumptions of homogeneity, independence and identical
distribution of the data — that is, the stationarity hypoth-
esis — cannot explain the reason why 100-year floods,
which occur statistically once in a hundred years but at
any time, appear to be occurring almost once every
twenty years lately. An example of this is the series of
floods along the Danube over the past two decades.

This is quite embarrassing because we did not prepare
for it. How can we interpret the relevant flood levels at
all in this situation and provide engineering practitioners
with useful design methods to ensure water security?
How can we adapt our tools to non-stationary hydro-
logical phenomena and not the other way around by ar-
tificially rendering the data homogeneous, as we have
done for a long time as we considered the outliers as er-
rors (physics of the early 20th century fell into this trap
until it was realized that the theory was wrong, not the
data...)

The future will not be like the past, that is, we have to
give up the assumption of stationarity and look for an-
other way to best adapt to the impacts of climate change.
Our method appears to be flawed and in need of im-
provement; the reason is not the peculiar behavior of the
hydrological cycle. We simply did not notice the change.
We did not realize that the future did not resemble the
past, and that the assumption of stationarity was no lon-
ger correct (Milly et al. 2008). And vet, all over the world
to this day, we still estimate extreme situations required
for engineering design according to the assumption of
stationarity as if nothing would change in the future and
it will be the same as in the past. National standards are
based on this hypothesis. Even if we deceive ourselves by
generating hundreds of thousands of years of data using
the Monte Carlo method — thus covering a long period
of time, true — it is just that we generated a set of data
whose statistical parameters are (or rather, should be) by
definition the same as those of the recorded time series.

Water security, climate change, hydrological extremes

If the statistical parameters of the generated sequences
are not the same as those of the historical data, then we
are basically simulating the Creator by creating some-
thing out of nothing.

Even in the best-case scenario, we just preserved the
information content of the recorded time series, not cre-
ated a new one. At the same time, we still stayed with the
assumption of stationarity. This poses a significant risk,
carrying with it the possibility of either over or under
design. Thus, non-stationarity can have serious practical
consequences that fundamentally bring into question
even the design principles of our water management sys-
tems, which generations of engineers have relied upon.
For example, the 100-year, or T-year, standard flood
level is no longer applicable, since — apart from the
charming anecdote published by Szo/ldsi-Nagy (2017) —
a whole series of examples prove that floods that occur
once every 100 years (could have) occurred much more
frequently lately. This can lead to numerous claims litiga-
tion and disputes in connection with the operation and
security of our engineering works.

What is the reason for the change? The inevitable
global changes that define the boundary conditions of
the local actions. In addition to the aforementioned ef-
fects of climate change, our existing water resources are
under additional pressure from global demographic
trends taking place, including migration and radical ur-
banization. The effects of these trends in this new antro-
pocene are thus greater than the expected impacts of
climate change. Even in the short term, i.e. within a few
decades, the functioning of the hydrological cycle will
likely be changed significantly. Therefore, the key issue is
to adapt the design principles of our engineering works
to the non-stationary world.

While climate change is a slow process — it took the
passing of 200 years since the Industrial Revolution for a
perceptible change in the hydrological cycle and for the
non-stationary state resulting from the acceleration (in-
tensification) of the water cycle to be detected — the di-
rect impact of human activity on water security has been
measurable for decades. The primary cause of the im-
pacts, therefore, is indeed the demographic change.
With the demographic dynamics of the 9.6 billion popu-
lation projected for 2050 (growth, mobility, migration)
and the consequent changes in secondary land and water
use the functioning of the hydrological cycle will funda-
mentally change. About 80% of the consequences of cli-
mate change, which is caused by human activity, are
water-related — occurring as its direct or indirect result.
Sustainable water management is therefore a key issue
for humanity’s sustainability. As a result of population
growth, water resources per capita will be drastically re-
duced by the middle of the century, which could obvi-
ously be an unsustainable and serious source of conflict,
both internationally and domestically (Wolf2007).
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Does a solution even exist for water
security?

Yes, there is a solution. And it is merely up to us to set it.

Of course, it will not be easy to find the right solution,
because we will need to change old paradigms. Further-
more, there is no silver-bullet solution, but a range of
solutions within which we can only move about. It will
not be casy to make the jump from the classical civil en-
gineering paradigm of “straight-channel-construction-
concrete-structure” to soft engineering, where ecosys-
tem services in nature-friendly solutions provide
functions that until now were thought to be accessible
only by works of art.

Obviously, more water storage is needed to achieve
the interlinked water, food and energy security. And
more storage cannot be achieved without understanding
the proper functioning of impoundments and dams,
whether it be more intensive irrigation, water transfer, or
the provision of an adequate level and amount of cooling
water to power plants. The same is true for international
river navigation — low waters over the past years on the
Danube may have been exceptionally shallow, but they
were not singular and we can expect more of them in the
future.

Rational and sustainable management of highly sensi-
tive and highly vulnerable groundwater is extremely im-
portant. If we connect the various aquifers to 80-meter
wells without any consideration to the hydrogeological
conditions, measurements, or monitoring, then we are
transferring the first completely polluted aquifer with
non-point contaminants into the pristine downstream
aquifers, depriving future generations of clean water.
This is more than just a narrow lobbying policy decision
that serves short-term interests. It is now an ethical as
well as security issue. In the same way as all sustainable
water management decisions are. Politicians today are
slowly realizing that the 21st century will either be wit-
ness to a knowledge-based society, or there will not be a
21st century. One of the practical drivers of this realiza-
tion is probably the fact that by the mid-1990s, the digi-
tal frontier had fallen, and we were entering the digital
age in almost every sphere of life. At the mezzo scale al-
most everything is computable today — it is just a matter
of computing time. And, of course, it is a question of
knowledge. The same is true in water management as
well. A host of well-functioning digital models
(Vordsmarty et al. 2018) are available to the hydrologist,
the hydraulic engineering practitioner, and the strategic
water planner at various levels, from local to regional to
global. An example of this on a local level is the control
technology of wastewater treatment plants from sensors
to controls, from remote process optimization of region-
al water supply systems with shared intelligence process
control systems to the computation of biogeochemical
fluxes of the global hydrological cycle — in a geographic
information system (GIS) framework, combining ele-
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ments of the atmospheric and terrestrial parts. These
were previously not possible, partly due to computation-
al limitations and partly due to the lack of adequate and
sufficient data in quantity and quality. Regarding the lat-
ter, we have witnessed incredible progress in the last
quarter century. Satellites and remote sensing techniques
now transmit 1 Exabyte of hydrologically relevant data
per day to Earth at terahertz speeds. That’s quite a big
number: one billion gigabytes, or one followed by eigh-
teen zeros. That is a lot of data every single day.

But how do we process this incredible amount of data
in real-time and how do we connect the different levels
of models that also serve as boundary conditions to one
another in order to contribute to various facets of water
security? Further, they contain a host of uncertainties,
and thus Laplacean determinism fails. It does because
the hydrological cycle is not a 3D water machine whose
operation can be calculated using classical deterministic
hydrodynamics tools and routine numerical methods.
Randomness due to the heterogeneity of hydrological
processes — and the matrix in which they occur — as well
as the fractal nature of the scale transition precludes this
path.

How can a lot of data nevertheless help operational
water management? How can we identify from this
enormous amount of daily data the pattern required to
make a good decision? As data collection techniques
evolve — be it the in-situ intelligent sensors or the data
obtained by remote sensing — data processing methods
capable of rapidly processing large data sets have evolved
in step. Big Data and pattern recognition algorithms —
applying the principle of recursive learning — filter pat-
terns of various levels out of data filled with uncertainties
at incredible speed. Learning algorithms are already
within the realm of Artificial Intelligence (Al), and while
it may seem distant, the possibility of establishing a dis-
cipline and practice of digital water management based
on machine learning is close (Szo//dsi-Naygy 2018b). The
use of Al will make it possible to connect the different
levels of water management decisions impacting water
security, from local to global. These varying levels of wa-
ter management machines/models are expected to form
a certain kind of IoT (Internet of Things) system, allow-
ing local optimums to be part of a global optimum,
while at the same time acting as boundary conditions to
one another. We may also get answers to questions about
how to scale our structures in a world where the condi-
tion of stationarity — upon which generations of engi-
neers have grown up — is not true even at a first approxi-
mation.

One thing we should not forget: water management is
not primarily a technical issue but a social one. And if it
is social, then it is political and ethical for that matter.
If water is a social issue, however, modeling the possible
response mechanisms in society is inevitable in our deci-
sion models, which is probably at least by an order of
magnitude greater in complexity than 2D/3D local
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hydraulic computation, because there is a greater order
of uncertainty (and risk) in social responses. Whether
this can be successfully solved by agent-based behavioral
modeling (Akhbari—Grigy 2013) and integrated into
modeling fluxes of environmental processes is the big
challenge that Al and machine learning are expected to
answer in the not too distant future. Al is expected to
substantially transform the human condition as a whole
and in detail, from design standards and procedures
through the use of earthmoving equipment to river ba-
sin-level strategic planning. Anyone who does not realize
this is intellectually beyond help, as they do not under-
stand the 21st century.

Discussion

According to Wittgenstein “the world is all that is the
case”. This world, however, is sorely missing a new water
management research institute in Hungary to support
government policy decisions and innovation ever since
the Budapest based Environmental Protection and Water
Management Research Institute (VITUKI) was errone-
ously terminated. It is a condition sine qua non for secure
water management in the country. What certainly is an
issue that goes beyond science in the narrow sense is the
disintegration of the Hungarian water institutions. This
fragmentation of the system of water management is an
obstacle to efficiency and makes the situation very diffi-
cult. Climate change, which primarily affects the
hydrological cycle, poses new challenges for Hungarian
hydrological and meteorological services. If we truly ac-
cept the integrative role of the hydrological cycle — and
there is no other logical choice — splitting it anywhere is
arbitrary, as it violates the principle of integrity. The hy-
drological cycle is also separated into atmospheric and
terrestrial cycles. It is even more contrary to this princi-
ple to treat the quantity and quality of surface and
groundwater separately at various institutional levels.
And yet this is what we are currently doing.
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