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The current situation of water quality monitoring and status
evaluation
The operation of water quality monitoring systems is a complex
task, ranging from the designation of sites, measurement dates /
frequencies and components to be measured, through the laboratory
tests to the verification, evaluation, storage, and publication of results
along with the allocation of the necessary human and material
resources. Monitoring systems are also complex in terms of function,
as it is usually the task of the one and same system to assess the state
of the water network for a period and to detect long-term changes
(trends), but also the short-term outliers (accidental pollution). Besides
these, monitoring systems provide the information needed to
understand the processes taking place in the river basins. The
condition for the creation of water quality data is the sometimes costly
sampling and laboratory tests: running the surface water quality
monitoring system costs HUF 2–10 billion per year.
While the history of water quality measurements is nearly a
century old, there have been significant developments in four related
areas in the recent decades: (i) availability of water quality influencing
geographical information data have increased (e.g., remote sensingbased topographic and land cover maps); (ii) computer systems for
managing data (GIS software) have developed; (iii) statistical methods
capable of unveiling relationships between data have developed and
become easy-to-apply due to user-friendly programming techniques;
and (iv) besides the human needs, ecosystems are gaining raising
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attention, which fact is mapped in specific laws (see e.g. European
Union’s Water Framework Directive). All this makes it possible and
necessary to examine and reevaluate our monitoring systems – with
an optimization point of view.
Throughout the work, I focused on small watercourses in
Hungary (watershed < 1000 km²), as this is the type of water for which
the amount of water quality data has multiplied in the last decades, and
that makes it possible to establish statistical relationships. My primary
goal was to develop the physico-chemical status evaluation system,
besides which – like a “byproduct” – I investigated the efficient design
of monitoring systems. I conducted my studies with the application of
the surface water quality database, the related, already existing
geographical information data applying state of the art data mining and
statistical modeling techniques.
Summary of the Thesis
As a first step, I collected the most up-to-date and accurate data
available on water quality, the water network, and the river basins.
These include water network spatial data sets, water flow data,
topographic and land use maps, and point source data. I thoroughly
evaluated the water quality databases; and - where necessary – I
filtered out or corrected erroneous data. I organized the collected data
into a common database, which meant, on the one hand, assigning the
location, and, on the other hand, accessing them from the same
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platform. This work in described in chapters 2.1 (“Databases used”)
and 2.2. (“Methods used”).
Chapter 3 of the dissertation is about the relationships between
river basin characteristics and water quality. Using two types of
statistical models (binary logistic regression and linear discriminant
analysis), I examine whether the achievement of the target status
(“achieved” / “not achieved”) and the rating of the water body (“high”
/ “good” / “moderate”) / “poor” / “bad”) can be predicted as a function
of the terrain, land use and point source load characteristics of the river
basin. For the study, I separate hilly and lowland watercourses. I found
that models perform better on hilly watersheds than on lowland ones;
that the achievement of the good status can be predicted with an
accuracy above 90% and the status class (on the five-class scale) can
be predicted with an accuracy of ~65% for highland and ~50% for
lowland rivers. For both high- and lowland types, the ratio of forests
and naturally covered areas and the amount of total phosphorus load
of the point emissions relative to the long term mean water flow of the
receiving watercourse have the most substantial influence. With the
help of the mentioned statistical models, (i) I give an estimate of the
status of the water bodies, (ii) give a plan for allocating the monitoring
resources to dubious sites and (iii) estimate the water courses’
wastewater load capacity.
The basic idea of chapter 4 (“Examination of the extent of
similarity between sampling sites”) is that water quality data can not
only be interpreted assigned to one measurement site, but it has sense
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to group similar sites and to interpret associated measurement results
together. With this method, groups supplied with much / scarce
information can be distinguished, enabling to increase the efficiency
of the monitoring system further. I characterize the measurement sites
on the one hand with the water quality measurement results and, on
the other hand, with the already mentioned characteristics of the
associated catchment as background variables. The grouping is
performed based on the water quality measurement data by the
hierarchical cluster analysis method; subsequently, the reproducibility
of the formed groups based on background variables is examined by
linear discriminant analysis. I find that there is a higher degree of
similarity between unpolluted watercourses, so relatively less
monitoring is required to assess their status. Heavily polluted water
bodies are characterized by a sufficient, relatively large number of
measurements.

However,

moderately

polluted

waters

are

underrepresented in the current monitoring programs.
In Chapter 5 of my dissertation, I examine the extent to which
the transition from weekly to fortnightly sampling to less frequent
(monthly, quarterly) sampling reduces the reliability of the
classification for various statistical indicators and water quality
variables using the artificial random sampling method (Monte Carlo
analysis). I find that both the median and the mode can be applied with
a higher hit rate than the average for the very low sample numbers I
examined and with the existing thresholds. The reliability of the
classification is generally higher for variables such as pH, electric
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conductivity, dissolved oxygen, and total organic carbon; biochemical
oxygen demand, ammonium, and phosphorus forms, on the other
hand, weaken the reliability. Based on the above, I propose a revision
of the status assessment system.
Chapter 6 of the dissertation contains a summary discussion of
the results of the studies. Chapter 7 summarizes the results in a thesislike manner.
The studies presented in the dissertation; their input data, goals,
and results, along with the relationships among them are presented in
Fig. 1.
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Fig. 1. Studies presented in the Thesis. RBMP: River Basin Management Plan; WB: Water body;
WQ: Water Quality; VARIABLES: BOD5: Biochemical Oxygen Demand; COD: Chemical Oxygen
Demand; EC: Electric conductivity; DO: Dissolved oxygen; IN: Inorganic Nitrogen; TN: Total
Nitrogen; TOC: Total Organic Carbon; TP: Total Phosphorus;
METHODS: ARS: Artificial Random Sampling; BLR: Binary Logistic Regression;
HCA: Hierarchical Cluster Analysis, LDA: Linear Discriminant Analysis.
WB TYPES: 1-4 hilly; 5-7 flat; 1-3 & 5-6 small; 4 & 7 large watershed.

New scientific results
Thesis 1 Status estimation of water bodies
Based on the examination of Hungarian hilly and lowland river
basins, I develop methods based on linear discriminant analysis and
binary logistic regression to assess the physicochemical status of small
watercourses. Using the methods, taking into account the topographic,
land use and point load characteristics of the river basin, as well as the
results of water quality measurements in the region, the status
assessment can be clarified: the need for intervention on water bodies
is> 90%, the classification of water bodies on a five-point scale can be
given with 50-60% accuracy.
Related papers: [3, 6-8]
Thesis 2 Specification of maximum wastewater load values by
watershed land use
The following formulas can determine the sewage-origin
phosphorus load capacity of watercourses with a catchment area of
less than 1000 km².
On hilly areas:
𝑃
𝐸
≤ max (0 , −0,1 + )
𝑄
5
On flatlands:
𝑃
2𝐸
≤ max(0 , −0,2 + )
𝑄
3
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Where
P is the phosphorus load capacity (g/s) of the water course per
long term mean discharge (m³ / s).
Q is the long term mean discharge of the water course at the
outflow point (m³/s),
E is the share of forests and naturally vegetated areas in the
basin (km2 / km2).
Related papers: [1, 3]
Thesis 3 Improving the allocation of locations based on similarities
Using the method of hierarchical cluster analysis, I examined
the degree of similarity between small watercourses based on their
water quality measurement data. I found that there was a higher
similarity between unloaded watercourses than between those loaded
with pollutants. It follows that the diversity of water quality – and thus,
the importance of monitoring, the necessity to densify measurements
in space and time – is increasing in the presence of anthropogenic
impacts.
Related papers: [2, 7, 10]
Thesis 4 Improving the efficiency of the Hungarian status
assessment-oriented monitoring system
The Hungarian water quality monitoring system can be
optimized with the integration of the national topographic, land use
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and point sources databases, historical water quality data sets, and
modern statistical methods.
The method can be used to prioritize type 3 and 6 (small hilly
and lowland) Hungarian river water bodies based on the extent to
which on-site measurements are needed to assess their status: ca. 50%
of hilly water bodies and ca. 25% of lowland water bodies -can be
classified with high safety without on-site measurements (Fig. 2). In
order to increase the reliability of the status evaluation, it is
recommended to modify the site allocation, the time-frequency, and
the inclusion of water quality variables.
Related papers: [3, 4–5, 7, 9]
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Fig. 2. Model-estimated status of type 3 and 6 small water bodies,
and the need for on-site sampling.
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