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1. Introduction 
Inland excess water (or simply excess water) is a special and possibly the most 

controversial water resources extremity in Hungary. The issue is generally well-known 
both in public and by experts: 

About one-fourth of the population lives in regions, where excess water appears 
regularly. 47% of the country and almost 60% of the croplands are affected with the 
phenomenon. Regions with medium or high excess water hazard are frequently covered 
with water, even annually and for months. 

Vast amount of field experience and theoretical knowledge have been gained in the 
topic. The list of driving forces and the complex system of interactions are generally 
well understood. Creation and maintenance of the drainage system is an outstanding 
hydraulic engineering accomplishment, its significance is similar to the Hungarian river 
regulation works. The raw numbers speak for themselves: the length of the channel 
network is 42 400 km (yielding ~1km/km2 channel density), the total pumping capacity 
is 970 m3/s (which is roughly equal to the discharge of the Danube at low flow). 

Since 1952 there were only 3 years without excess water control. The maintenance 
cost of the – otherwise notably underfunded – protection system is currently 0.5-2 
bnFt. The operative expenses of the 1999-2011 period were about 1.23 bnFt/year 
(Somlyódy, 2011). The evolving losses are even greater: long-term average annual loss 
of excess water is estimated to be 6-16 bn Ft (Vámosi, 2002; Pálfai, 2006; Pinke, 2012). 

 
Despite excess water is a recognized issue, numerous open questions and relevant 

tasks can be listed in connection with it. Some of the most important are the following: 
Technological advances made in the recent past brought a new era for the empirical 

description of excess water. In spite of this the remote or field measurement of the 
phenomenon is still rather uncertain on a countrywide scale (Rakonczai et al., 2003; 
Pálfai, 2004; van Leeuwen, 2012). As a result, generally there are only rough estimates 
about the relative importance of the defining driving forces, like surface water regime, 
evapotranspiration, infiltration, groundwater flow system or gravitational/pumped 
drainage. 

The effectiveness of the active excess water control is debated among experts. Kozák 
(2006) pointed out that the drainage system affects the peaking water coverage 
marginally and it decreases only the residence time of the excess water. The magnitude 
of this effect is however unknown. The situation is similar in case of the losses caused 
by excess water. Even the direct effects are hard to evaluate economically (Vámosi, 
2002). Scientifically sound analyses are hard to fine (Ijjas, 2002), especially about the 
possible benefits of excess water (Pinke, 2012). 

By this time it is evident that drainage-based excess water control affects unfavorably 
the “water surplus-water shortage” symptom (VGT, 2009; Somlyódy, 2011). According 
to projections the problem will possibly worsen due to climate change. The redesign of 
the excess water strategy is a rather timely task, which cannot be done without the 
understanding of hydrologic processes and the up-to-date design and predictive tools. 
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2. Methodological questions of  excess water research 
The main goals of the excess water research are: (i) hydrologic description of the 

phenomenon, (ii) estimation of hazard and risk and based on this (iii) mitigation of 
losses caused by the extremity. Considering excess water there are two main traditional 
branches of the applied scientific approaches: 
1. Catchment-scale hydrologic studies: these analyze the relation between spatially-
temporally aggregated indicators of excess water and other hydrologic variables. E.g. 
estimative relationships of design discharge, characteristic curve for discharge, excess 
water index (Pálfai, 2004; Balogh, 2009). 
2. Mapping methods (Körösparti et al., 2007): 

• Direct empirical mapping based solely on the field or remote measurement of 
water covered areas; 

• Synthetic mapping with regression analysis based on the static and dynamic 
driving forces and optionally on water coverage data. 

Changes in the natural, technical, economic and legal circumstances raise a number 
of timely tasks/challenges for the research methods. 
(i) The main shortcoming of the two main methodological branches is that – 
considering spatial variations – their relation is complementary: (a) one can create maps 
from the traditional catchment-scale studies. However, the spatial unit of such maps 
will be the catchments, thus no finer resolution can be achieved with this method. (b) 
Contrary, the main goal of the mapping methods is to describe spatial variation. But 
these methods provide practically no information about the temporal changes. Partition 
of these two strongly interlinked qualities is indeed unprofitable. 
(ii) It is not only long-term strategic interest but also an EU obligation (2007/60/EC 
Flood Directive) for Hungary to carry out excess water hazard and risk mapping. For 
this reason the widespread application of a particular mathematical technique is due to 
happen. No matter, which existing method will be chosen, several theoretical and 
practical uncertainties1 emerge. 
(iii) Integrated hydrologic models are the most capable to describe the spatial-temporal 
variations of excess water inundations (Borah and Bera, 2003; Thompson et al., 2004; 
Daniels et al., 2011). Such models algorithmically couple the dynamic simulation of 3D 
territorial2 and 1D instream hydrologic processes. Even though there is a major school 
of the process-based modeling in Hungary, so far there is no published example of the 
dynamic, distributed parameter mathematical description of excess water. 
(iv) The mathematical description is rather difficult due to the complex relationship of 
physical processes. The seepage hydraulics of the vadose zone is especially remarkable 

                                        
1 Inaccuracy of historical mapped data; observation uncertainties that are also given for advances 
measurement techniques; unknown water budget; quantification of the driving forces (excess water 
control, land use, climatic processes). 
2 Usually: precipitation, evapotranspiration, overland runoff, and subsurface water movement in the 
unsaturated and saturated zones. 
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among these. Its significance is indicated by the numerous related theories3. Data 
availability, more specifically the uncertainties of classified soil databases limit the 
detailed analysis. Despite that texture-based soil classification systems are widespread, 
their hydrologic reliability is practically unknown. 
(v) Considering strategic questions, the holistic evaluation proved to be efficient, which 
take all affected fields into account (UNESCO, 2009). A useful method of such 
evaluation is scenario analysis. Latter describe our possibilities and assumptions for the 
future with the help of design variants, those organize various indicators of the topic. 
Development and comparative evaluation of scenarios foster the selection of the 
reasonable strategy. To my knowledge, no such analysis has been carried out so far for 
excess water.  

3. Aims of  the research 
The general aim of my research is to broaden our knowledge about excess waters. 

After reviewing the existing approaches, I decided to develop a new up-to-date method. 
As part of this process, I also tried to answer/solve the scientific challenges listed 
above. I set the following detailed goals: 

 
1. Development of a new excess water research method, which eliminates the 

shortcomings of the traditional approaches and enables one to evaluate climatic-
land use-water governance design variants (scenarios). 

2. Analysis of uncertainties typical for the mathematical description of excess water. 
Quantification of the uncertainty related to soil data, more specifically to the soil 
classification methods. 

3. Detailed hydrologic description of excess water including 
a. causes that induce and cease excess waters, 
b. the relative importance of natural and artificial driving forces, and 
c. the temporal variations of the inundation process. 

4. Hydrologic, probabilistic and risk-based evaluation of strategically relevant 
climatic-water governance scenarios. 

                                        
3 Bottle model suggested by Várallyay, effects of plough pan, upwelling excess water (water uprush). 
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4. Methods 
A new research procedure was elaborated that is based on integrated hydrologic 

modeling. The proposed method  
(i) attains the scenario approach,  
(ii) relies on the physically based description of hydrologic-hydrodynamic 

processes, 
(iii) can simulate the long-term behavior of drained lowland catchments with 

reasonably fine spatial-temporal resolution, 
(iv) for conditions that are significantly different from the present situation, and 
(v) setting up a new branch of excess water hazard and risk mapping.  

The method enables one to simulate water resources extremities with respect to 
different scenarios. The comparison of the results is risk-based: depending on water 
availability, the expected value of agricultural loss (namely the risk) can be estimated for 
individual cells (risk map) as well as for the whole catchment (aggregated risk). 

Mainly the Szamos-Kraszna Interfluve pilot area was studied with the method. 
Beside model calibration and validation, the uncertainty analysis of input data (elevation 
data, parameters, initial and boundary conditions) was carried out. As a result, the most 
important uncertainty sources typical for excess water modeling were identified. 

Hydrologic characteristics of excess water were analyzed by processing the results of 
the 30 years long simulation for present conditions. Rising and recession of inundations 
were studied with correlation and water budget analyses. As a result, the relative 
importance of the driving forces (precipitation, snowmelt, infiltration, 
evapotranspiration, gravitational and pumped drainage) was determined. Dynamic of 
the phenomenon were studied by using aggregated hydrologic indicators. 

Finally, the research focused on the following two issues: (i) what are the likely 
hydrologic and agricultural consequences of the expected climate change, and (ii) is it 
possible to deal with the unfavorable effects solely by tools of water resources 
management. To investigate the questions, assumptions regarding climatic conditions4 
and water governance5 were combined in 12 pilot area scenarios. After simulation of 
these scenarios, the excess water events were evaluated with probability and risk based 
methods. As part of this, for all scenarios (i) probability of occurrence was determined 
as a function of excess water severity, (ii) aggregated agricultural risk was estimated, and 
(iii) the hazard and risk maps of the pilot area were created. 

The research method discussed so far is illustrated by the figure below. As my work 
is part of WateRisk R&D project (Koncsos, 2011, Kozma et al., 2012/b), I marked with 
color filling those stages, in which my theoretical and practical contribution is 
significant. Changes of the land use parameters are not discussed in the dissertation, 
present conditions were applied in every scenario. 

                                        
4 Present situation, and the IPCC SRES (IPCC, 2000) controll, A2 and B2 emission scenarios. 
5 Present situation, cease of pumped drainage, and enhanced water retention. 
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Spatial information about the distribution and behavior of soils is an essential input 

for excess water research. In connection with this, the data uncertainty introduced by 
soil classification systems was investigated. Due to the special theoretical and 
methodological background, these soil hydraulic analyses formed a well separated part 
of the dissertation. Two work hypotheses were set: (a) texture based soil classification 
systems sort soils unreliably from the hydrologic point of view, and (b) considering soil 
hydraulics, the averaged parameters associated to texture classes are not representative. 

To verify these hypotheses, a large variety of tests were carried out: (i) static and 
dynamic, (ii) 1D and 3D (iii) hydraulic and  hydrologic tests applied on (iii) real and 
synthetic soils, parameterized according to (iv) HUNSODA and/or HYPRES 
databases. Primarily the FAO-method (FAO, 1990) was studied, but several tests were 
carried out for the USDA-method (USDA, 1951) and a Hungarian classification 
procedure (Filep és Ferencz, 1999) as well. 
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5. Theses 
1. The spatial and temporal variations of excess water inundations can be simulated 
with integrated hydrologic models. Based on this fact, a novel method for hydrologic 
and risk based evaluation of excess water was elaborated. This combines the advantages 
of several earlier methods and offers new ways for the study of excess waters. 

a. The method is based on the algorithmically coupled simulation of hydrologic 
(precipitation, evapotranspiration, rainfall-runoff, water movement in the unsaturated 
zone and in the shallow groundwater) and 1D hydrodynamic processes in channels. 
b. The long-term (30 years long) simulation of hydrologic processes, the filtering of 
excess water events and the estimation of agricultural losses allows one to calculate 
the spatially varying and aggregated excess water hazard and -risk. 
c. Climatic-land use-water governance scenarios that are significantly different from 
current conditions can be analyzed with the model as it is physically based and uses 
distributed parameterization. 
A comprehensive case study was carried out for the Szamos-Kraszna Interfluve pilot 

area to prove the applicability of the method. The twelve developed scenarios describe 
current and assumed climatic-water governance conditions.  
Related publication: [1][3][5][9] 

 
2. Model and data uncertainties of excess water modeling were identified. Input data 
were ranked on a 0-1-2-3-4 scale by the uncertainty analysis of simulated hydrologic 
variables (water coverage, pumped volumes, annual average evapotranspiration, average 
groundwater level). Most and less defining inputs for the pilot area are listed below: 
 

 
Geometry/ 

initial condition 
Parameter Boundary condition 

Important 
Spatial resolution of 

DEM (3) 
Soil hydraulic 
properties (3) 

Precipitation (4) 

Not important 
Initial conditions 

for groundwater (0) 
Rainfall-runoff 

storage coefficient (1) 
Relative humidity (1) 

Related publication: [6][8] 
 
3. The reliability of soil classification systems was analyzed with respect to excess water 
modeling. By using statistical analyses, 1D unsaturated hydraulic and distributed 
parameter hydrologic simulations it was proved that texture based soil classification 
systems – frequently used during the elaboration of soil databases – are defining 
sources of uncertainty. 

a. Based on the analysis of homogeneous soil columns, the uncertainty of FAO class 
averages for water coverage days varies between 50-180% depending on soil class. 
b. The 12 class USDA method yields similarly uncertain results as the 5 class FAO 
method. 

Related publication: [2][10] 
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4. A hysteresis-like curve can describe the relationship between the simulated time 
series of overland storage and water coverage: a given stored volume of water results in 
significantly different water coverage areas during the development (rising segment) and 
the recession (lowering segment) of excess water events. As the relationship is 
analogous to the well known “excess water discharge-” and “flood rating loop curves”, 
it should be called “excess water storage loop curve”. By using simulation results of 
theoretical and real pilot areas it was demonstrated that (i) the relationship strongly 
depends of the watershed and (ii) series of excess water inundations can be described 
with interlocked loop curves.  
Related publication: [8] 
 
5. The linkage between driving forces and the spatial-temporal extent of excess water 
was described by using hydrologic indicators and water budget. As part of this: 

a. The field experience that there is no single plot for the formation of excess water 
was verified with correlation analysis.  Instead, various – seemingly not critical – 
combinations of the causes (snow accumulation and snowmelt, soil frost, significant 
amount of precipitation) can lead to severe excess water inundations. 
b. Based on water budget calculations the relative importance of hydrologic driving 
forces that induce and cease excess water was estimated. For the Szamos-Kraszna 
Interfluve the proportion of artificial (gravitational and pumped drainage) and natural 
(surface infiltration and evapotranspiration) causes of recession turned out to be 1:4. 

Related publication: [7][8] 
 
6. The probabilistic and risk based analysis of the Szamos-Kraszna Interfluve was 
carried out with (i) spatially aggregated and heterogeneous methods (ii) for various 
climatic-water governance conditions. 

a. It was proved that the maximum and average values of annual specific water 
coverage are not auto-correlated. The average spatial error of estimated local excess 
water hazard was determined as a function of the averaging time interval. According 
to this, 30 years are reliably long periods for the statistical evaluation of excess water. 
b. Compared to the reference (Control) the occurrence of excess water is significantly 
less in case of the analyzed IPCC scenarios (A2, B2). The difference expressed as the 
number of days with water coverage is: B2 – 49%; A2 – 98%. The number of days 
with water coverage – irrespectively of the climatic boundaries – is increased less 
(~5%) by giving up pumping, and more (~43%) by water retention. 
c. Specific risk resulting from the agricultural losses is of the order of  
1 mnFt/km2/year. Aggregated risk of the pilot area is less sensitive to the changes in 
the climatic and water governance conditions. The rate of change varies in the  
{-16%; 10%} interval of the reference. Unlike the hydrologic effects, the risk 
responses less squarely for giving up pumping and for water retention.  

Related publication: [4][7][8] 
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