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Abstract — Hydro informatics systems shall encompass all
data related to hydro phenomena of specific area or interest.
Hydro phenomena do not recognize the frontiers or
different human interests and only follows the natural lows.
As a complex phenomenon hydro resources are affected by
various natural forces which could not be predicted and
consequently with various results in their behavior. These
impacts can result with different unexpected variations of
hydro resources availability. Striving to manage hydro
resources, because of their importance for life and economy,
humanity developed different methods of their research.
Collecting huge amount of information could facilitate the
hydro resources management. However that information
could be burdened by various errors. Problems could be
multiplied if erroneous information is processed with
incomplete or imperfect models. This paper aims to
research errors contained in information propagation
through the models for hydro resources management.

. INTRODUCTION

Hydro resources are of essential importance for
contemporary civilization [1] and they deserve every
attention in order to remain sustainable and manageable in
future [2]. According to that, introduction of information
technology in management of hydro resources is
understandable and justified [3]. At the same time some
problems in managing hydro resources could arise as a
consequence of rising complexity of systems and
knowledge related to them [4]. Hydro resources as a
complex natural phenomenon are researched mostly by
different kind of measurement and treated by various
models in order to explain and predict their behavior [5].
Whole process of data collecting, classifying and
processing is intertwined with errors or uncertainties [6].
Those errors could affect conclusions and decisions with
consequence of possible suboptimal utilization of hydro
resources. This paper aims to research the influence of
errors in process of data collecting, classifying and
process trying to describe their possible influence on
decision making in management of hydro resources.

Hydroinformatics as a specific informatics system
encompasses all measured and available data in digital
form [7]. Also for its functioning, adequate hardware and
software infrastructure is necessary [8]. And least, but not
last: for properly explication of data related to hydro
phenomena - expert’s knowledge is unavoidable
ingredient [9]. Maintenance of hydroinformatics
infrastructure, which is complex system by itself, needs
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experts’ knowledge. This dualism of experts’ knowledge
could be the source of various problems. In general it is
hardly to expect that one person (despite the intelligence
and education) could possess adequate knowledge in
domain of researched phenomenon as well as the
information technology. On the one, side experts for
researched phenomenon do understand the topics but
could not master the informatics system while, on the
other side, experts in information technology could not
possess the knowledge about researched phenomenon. If
exceptions exist they are very rare and shall not be the
considered as a rule. This case is illustrated by figure 1.
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Figure 1. Necessary ingredients for hydroinformatics system

Consolidation both necessary ingredients in order to
form hydroinformatics system shall be issue of careful
consideration.  Balance  between  possibilities  of
information technology (IT), level of experts’ knowledge
about hydro phenomenon and needs of those for
successful management of hydro resources is necessary
condition.

Data needed to explain any hydro phenomenon are also
the subject of different treatment between experts [10].
Experts for hydro phenomena treat data as expression of
certain characteristic of researched phenomenon with
concrete meanings, while experts of IT treats data only as
an object they must manipulate to in databases. So, in
system of knowledge of phenomenon researches, concrete
data have sense only in specific context while in system of
knowledge of IT expert data is treated as objects which
shall be properly stored, processed and displayed. These
different approaches results in different kinds of
hydroinformatics systems for treating hydro resources
[11].
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Structure of data is also crucial issue for hydro
phenomenon understanding [12]. Data are spatially and
timely distributed in manner to approximate and discretize
researched hydro phenomenon. Also data are not
absolutely accurately determined.

Finally the management, as phenomenon itself, shall
encompass all hydro resources putting them into
predefined goals. Goals, to make view of hydro resources
complexness complete, are usually defined from the
market which rarely observes real capacities but are
mostly led by customers’ desires [13].

Hierarchy in hydro resources management could be
arranged in way where goals are on the top and hydro
resources are in the base of management process.
Management shall have abilities and skills to balance
capacities of hydro resources and goals. The hierarchy of
hydro resources management is illustrated by figure 2.

Figure 2. Hierarchy in hydro resources management

Understanding management as a process of planning,
organizing and control in process of goals realization
immediately follows that it is a set of knowledge, abilities
and skills which shall provide conditions for successful
managing of hydro resources. In order to provide goals
realization management of hydro resources shall start by
the capacity of hydro resources, knowledge about,
knowledge about and possibility to satisfy demands. This
is another element which additionally increases
complexity of whole system.

Knowledge about hydro resources could be based on
the observed data and knowledge based on theories which
treat it. Bearing in mind that hydro resource produces a
huge amount of information it is (almost) impossible to
manage them without well-organized information system
based on reliable infrastructure which could last in time.
Hydroinformatics is an information system which
encompasses specialized tools for data of certain hydro
resource and, as such, enables researches for knowledge
improvement. The cycle of knowledge improvement and
its influence on management and goals is illustrated on
figure 3.

The cycle of hydro resource management could be
explained in following way:
Hydro phenomenon as such produces information;
Data are observed values of certain information;
Because of huge information and huge set of data
needed for hydro phenomenon explanation it is
necessary to gather, store, organize and manage
data with hydroinformatics system;
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By virtue of data and hydroinformatics system it is
possible to improve knowledge about hydro
phenomenon (resource);

With the help of knowledge of hydro resources
management could plan their utilization related to
goals and

Goals realization influence hydro resources which
accordingly produces new information.

Hydroinofrmatics
system

Figure 3.  Knowledge improvement and goals realization

Most profitable utilization of hydro resources, with
almost equal importance with providing drinking water, is
power production. In this paper some aspects of managing
hydro resources in hydro power industry is researched.

Simplifying interpretation of hydro  resources
management it is possible to illustrate it by a cycle given
on figure 4.

II.  METHODOLOGY

Defining methodology of hydro resources management
shall start with minimum number of assumptions which
determine utilized models.

Following assumptions are accepted for defining
domain in which research will performed:

Hydro phenomenon is changeable in space and time;

Data are erroneous, discrete and represents only the
past states of hydro phenomenon (resource);

There is no exists the perfect hydroinformatics system;

Knowledge system about hydro phenomenon is not
complete and perfect and

Management of hydro resources strives not only to
realize goals but to reach balance between goals and
capacities of available hydro resources including
principles of their sustainable utilization.

Assumption that hydro phenomenon (resource) is
changeable in space and time is in accordance of reality
and it also implies that measurement is needed
permanently.

Assumption of erroneous and discrete character of data
implies that measurements suffer of uncertainty, and are
not recorded continuously. Meaning of this assumption is
that some characteristics of phenomenon could be omitted
during measurement. The representation of hydro
phenomenon past state by data means that its
unpredictable behavior is possible, despite existing models
for prediction [14].
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Meanings of assumptions that perfect hydroinformatics
system does not exists and that knowledge system about
hydro phenomenon is incomplete and imperfect is that
those require continuous improvement and that it could
never be reached. Also management process is influenced
by hydroinformatics system [15].

Assumption that management of hydro resources strives
not only to reach goals but to reach balance between goals
and capacities of available resources including principles
of their sustainable utilization is complex and means that
management of water resources shall include complex
system of goals which could be opposite to each other. For
example (in hydro power industry): striving to maximize
profit in hydro power industry without observing principle
of sustainable utilization of hydro resources could lead to
deterioration of banks or decreasing the level of dam
safety.

Following logic of hierarchy in management of hydro
resources it is possible to formalize it by general form of
function:

¥ = ¥{M[K[XC0]]} (D)
where:

Y — objective function;

M — management of hydro resources;

K — knowledge about managed hydro resources;

X — hydroinformatics system including hardware
infrastructure and software and

x —set of data about managed hydro resource.

Strictly following hierarchy and assumed that all
knowledge about hydro resource is based on recorded data
the increment of function (1) is represented by following
formula:

0¥ 0M 9K 09X

“amakaxa ™ @

where:
- AY — increment of objective function;
oY OM 99 O _ derivative of objective function ¥ and

“oM’ 0’ ar’ oy
- Ay — the span to which data could vary (i.e. error of
parameter  contained in hydroinformatics system).

It is obvious that, according to formula (2) all errors
will multiply during the process of management, leading
to large span of goal function.

If objective function is consisting of multiple variables

which are independent of each other than function and
increment would be described by following expressions:

Y =Y(xq, Xp, o) Xp) ..(3)
AY = i |alP A 4
= : aXi Xi ( )
i=1
where:
- A¥ (x4, x5, ..., Xn) — increment of function;
oY . . .
Syl partial derivative and
- Ax; —increment of each parameter x;.
Power equation in hydro energetics reads:

P = kpQgH . (5

where:

P — power;
k — coefficient of efficiency;
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g-— gravity;

p — water density;

Q — flow rate and

h —height difference.

It is obvious that it belongs to the type described by
general form (4). If model (4) is performed on formula (5)
the next form is obtained:

AP = aPAk|+|aPA |+|6PA +|6PA |
= ok a5 2P| 1 13429 T lag 29
+|aPAh| 6

— .(6)

Equation (6) shows how much objective function will
vary depending of variation of its arguments.

For planning production of power the critical parameter
is water inflow Qwhich could hardly be forecasted well in
advance and consequently first step in management is
immediately jeopardized. Some attempts in forecasting
could be made but it is hardly to expect satisfying
accuracy.

I1l.  RESULTS AND DISCUSSION

Considering dam “DJerdap 1”7 and utilizing nominal
values for Q and h given in [16], and assuming values of
k, g and p and assuming of parameters increments with
equations (5) and (6) results as follows will be obtained
(for six aggregates):
k=0.97;p =999 ks ;Q = 4800m3

Bhekdtl m3 Q= s

m
g =9805005;h=27m

P = 1231373554 Mw - (7)
Increments are given in table I.
From table 1 immediately follows that small

inaccuracies in input data could produce considerable
uncertainty of objective function. These uncertainties
burden the planning of electricity production themselves.
Adding the difficulties in forecasting of flow rate

TABLE I.
INCREMENTS OF POWER FUNCTION AND ITS ARGUMENTS
Increments o Ax; [MW
ax, x; [ ]
12.69
Ak=0.01
_, kg 1.23
Ap—l E
3 0.26
Ag=1 m
m 0.63
Ag=0.005 Z
4.56
Ah=0.1 m
AP [MW] 19.37

(illustrated on figure 4 for year 2012) the problems of
successful management of electricity production in hydro
power plants could be understandable.

Hydroinformatics role is depicted by recording, storing
and processing data which are up to dated but it could not
improve their accuracy. In simple cases when
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hydroinformatics system is used only for record, storage
and display data it could be treated as absolutely accurate
(i.e. it not contribute to error multiplying or increase) but
in case of processing data before delivered to end user this
could not be as such.

Processing data by itself could, depending on
complexity of algorithm, introduce additional inaccuracies
in output data.

Flow rate of the Danube river per day for
year 2012
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Figure 4. Flow rate per day for Danube river in year 2012

IV. CONCLUSION

Hydroinformatics is a system for recording, storage and
display data to end user. Treating the process of hydro
resource strictly as hierarchical, the hydroinformatics
comes after data registration and before researches or
experts who analyze them and generalizing establish
theories and forms systems of knowledge. In case when
hydroinformatics system is utilized only for recording,
storage and displaying data it does not influence accuracy
of conclusions. But in case of analyzing data and interpret
them influence of hydroinformatics system shall be
analyzed very carefully.

Management based only on data obtained from
hydroinformatics system shall be avoided especially
because management actions introduce changes in hydro
phenomenon and forecasting of this influence is not
reliable. Waiting for answer of actions through the system
could jeopardize availability of hydro resources and
consequently deteriorate principle of their sustainable
utilization.

ACKNOWLEDGMENT

This paper was created within research carried out on
projects of the Ministry of Education, Science and
Technological Development of Serbia TR35030.

394

REFERENCES

Jian-ming, W. A. N. G, and Y. A. N. G. Zhi-kao. “Reflections on
the Contemporary Relationship between People and Water from
the Perspective of Hydro-ethical Values [J]." Journal of Changshu
Institute of Technoloav 1 (2012): 007.

Stevovic, 1., Jovanovic, J. and Stevovic, S. "Sustainable
NMananamont nf Nanitha Danawiahla Dacniirrac in tha Daninn nf
Iron Gate - Djerdap 1, 2 and 3 Case Study", Management of
Environmental Quality: An International Journal, 2016. DOI:
10.1108/MEQ-07-2014- 0114.

Stevovic S, Milovanovic Z, Stamatovic M. Sustainable model of
hydro power development—Drina river case study. Renewable
and Sustainable Energy Reviews. 2015 Oct 31;50:363-71.

Stevovi¢ S, Milovanovi¢ Z, Milaji¢ A. New methodological
approach in techno-economic and environmental optimization of
sustainable energy production. Thermal Science. 2010;14(3):809-
19.

Stevovi¢ S, MiloSevi¢ H, Stevovi¢ I, Hadrovic S. Sustainable
management of water resources in Prokletije region. Industrija.
2014;42(1):47-61.

Mowrer, H. Todd, and Russell G. Congalton, eds. Quantifying
spatial uncertainty in natural resources: theory and applications for
GIS and Remote Sensing. CRC Press, 2003.

Marsalek J, Maksimovic C, Zeman E, Price R, editors.
Hydroinformatics tools for planning, design, operation and
rehabilitation of sewer systems. Springer Science & Business
Media; 2013 Apr 17.

Notay K, Stadler L, Simons F, Molkenthin F, Hinkelmann R.
Model coupling in hydroinformatics systems through the use of
autonomous tensor objects. InProceedings Hydroinformatics
Conference 2012.

Abbott M. Hydroinformatics systems in multi-knowledge
environments. InProc. XXX Congress IAHR, Thessaloniki 2003.

Gourbesville P. Data and hydroinformatics: new possibilities and
challenges. Journal of Hydroinformatics. 2009 Jul 1;11(3-4):330-
43.

Zhang SX, Babovic V. A real options approach to the design and
architecture of water supply systems using innovative water
technologies under uncertainty. Journal of Hydroinformatics. 2012
Jan 1;14(1):13-29.

Abbott M. Discussion of The Relevance of Open Source to
Hydroinformatics by Hamish Harvey and Dawei Han, 2002 J.
Hydroinf. 4 (4), 219-234. Journal of Hydroinformatics. 2003 Jul
1;5(3):203-6.

Michas S. Applications of hydroinformatics in municipal water
systems. Water Util J. 2014;8:87-91.

Clark, Martyn P., et al. "Hydrological data assimilation with the
ensemble Kalman filter: Use of streamflow observations to update
states in a distributed hydrological model." Advances in Water
Resources 31 (2008): 1309-1324.

Stevovié, Svetlana, and Zarko Nestorovié. "Impact of
Environment GIS Modeling on Sustainable Water Systems
Management.” Procedia Engineering 162 (2016): 293-300.

[16] http://www.djerdap.rs/sr/page/33/HE+%C4%90erdap+1

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]




