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R&D Project SP/1a6/151/07 

 

“Assessment of the effect of climate change on the water budget, and 

proposed practical measures to mitigate its impacts” 

(Summary) 

 

Introduction and main objectives of the project 

R&D Project SP/1a6/151/07 was carried out for the Ministry of the Environment (MoE) over 
the years 2007 to 2011 by the Czech Geological Survey (CGS) under the Research Programme 
of the Ministry of the Environment and in accordance with the principles of the State 
Environmental Policy of the Czech Republic. Results of the project primarily contribute to 
furthering two long-term fundamental areas of research, namely sustainable development 
(impacts of climate change and measures for their mitigation, refinement of estimates of the 
impacts of climate change on the biogeochemical cycle, water budget, extreme hydrological 
events and water resources in the Czech Republic) and security research (protection against 
the consequences of natural disasters). In addition to the project coordinator, the Czech 
Geological Survey, the project also involved the participation of the Institute of 
Hydrodynamics of the Academy of Sciences of the Czech Republic, public research institution 
(IH AS CR). 

 

The project involved the gradual performance of objectives including, in particular, the 
following: 

• modelling the regional water budget  based on various climate change scenarios; 

• assessing the effect of long-term changes in temperature and precipitation on 
runoff conditions and assessing impact  of extreme events (floods and droughts); 

• creation of a conceptual model of the sources and generation of catchment 
runoff using the isotopes 18O and 15N, and a conceptual model of the sources and 
generation of catchment runoff using hydrological models (e.g. Sacramento SAC-
SMA, RETU, BOOK90, SWIM); 

• creation of a model of environmentally important elements and compounds (Ca, 
Mg, K, SO4, NO3, DOC and DON) in the case of changed hydrological conditions; 

• creation of a “realistic” and dynamic approach to the modelling of the 
development of the chemistry of surface waters and soils using a geochemical 
model (MAGIC - Model of Acidification of Groundwater in Catchments); 

• assessing the potential risks associated with the disruption of ecosystem 
functions (nitrogen retention, recovery from acidification) due to the occurrence 
of hydrologic  events (floods and droughts); 
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• quantifying critical and target loads using the geochemical model VSD in 
connection with climate scenarios; 

• extrapolation of data obtained from catchments of the GEOMON network (tens 
to hundreds of ha) to larger landscape units (tens of km2) by performing a 
comparison with the results of work based on an evaluation of the nationwide 
mapping of surface waters made at the CGS and the monitoring of small 
catchments in the GEOMON network; and 

• creation of maps of ecostabilisation measures in the landscape as an effective 
tool for coping with anticipated climate change. 

To perform these objectives it was essential to carry out field monitoring of the water cycle 
and the cycle of chemical elements, to make a model-based prediction of changes in this 
cycle in forest ecosystems, and to determine the critical and target loads of forest 
ecosystems. Proposals were also made for biotechnical erosion control and revitalisation 
measures, as well as for an early warning system against flash floods. This and other 
information relating to the performance of the project are summarised in a final report on 
the project, which consists of five thematic chapters (available only in the Czech language). 
Selected results were published in international scientific journals (e.g. Ecological Modelling, 
Climate Research) and in Czech scientific journals and conference proceedings. In addition to 
this, the results of the project were presented at the 6th BIOGEOMON conference in 2009 in 
Helsinki (the tradition of these conferences was established by the Czech Geological Survey 
in Prague in 1987) and at the 8th ACID RAIN conference in Beijing in 2011. The project’s co-
investigator, the IH AS CR, also organised two conferences entitled “Small Catchment 
Hydrology”, at which the project’s results were outlined. Information on the project has also 
been published on the website of the CGS at www.geology.cz. 

 

Performance of the project 

Forest catchments of the GEOMON network were chosen as the means for refining existing 
estimates of the impact of climate change on the biogeochemical and hydrological balance 
and on extreme hydrological events. This network consists of small catchments in headwater 
areas covering between tens and hundreds of hectares, and was chosen to represent 
hydrological patterns of various areas. The catchments are located in the areas of Bohemian 
Forest (the catchments Liz LIZ and Spálenec SPA; monitoring terminated at SPA, replaced by 
the catchment Litavka LIT in the Brdy area), the Slavkov Forest Mts.   (Lysina LYS and Pluhův 
bor PLB), the Ore Mts. (Jezeří JEZ), the Jizera Mts. (Uhlířská UHL), the Giant Mts. (Modrý 
potok MOD), the Eagle  Mts. (U dvou louček UDL), the Beskydy Mts. (Červík CER), the 
Bohemian-Moravian  highlands (the catchments Anenský potok ANE, Salačova Lhota SAL and 
Loukov LKV), in the Iron Hills  Mts. (Polomka POM) and near the Prague agglomeration in the 
Benešov  Hills (Lesní potok LES). Systematic monitoring began at the 14 catchments at most 
cases in 1994, in the latest cases in 1995 (except for the Litavka catchment, which was 
included into the network in 2006 as a replacement for the Spálenec catchment), so that 
unique data series of at least 16 years in length were obtained. The reason for the choice of 
forest catchments was the fact that in the local environment forests are the closest 
approximation to natural ecosystems, while at the same time forests are susceptible to 
acidification, especially in the case of spruce monocultures. Acidic atmospheric deposition 
causes the disruption of these ecosystems in particular in cases where the bedrock is 
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composed of predominantly granitoid metamorphic and igneous rocks, which is the case for 
most of the mountainous regions of the Czech Republic. At the same time, forests are also 
the most suitable ecosystem for studying the effects of extreme hydrological situations 
(floods and long-term droughts) in the Czech environment. The catchments are of the first 
order (according to the Strahler stream ordering system), i.e. headwater segments where 
flood situations manifest first. 

Monitoring of the water and chemical element cycles and modelling them on the GEOMON 
catchment network formed a key part of the whole project. Modelling was also carried out 
at medium-sized river basins covering an area of between hundreds and thousands of 
square kilometres on the rivers Otava, Cidlina and Malše . 

The outputs obtained in the project are divided into three thematic areas. The first of these 
deals with monitoring and data collection, evaluation of the measured data and modelling. 
The second covers the simulation of the future development of the hydrological balance, 
and the closely related issue of changes in biogeochemical fluxes. The third then sets out 
adaptation measures proposed on the basis of the findings obtained from an evaluation of 
the measured data and the simulations presented in the first two thematic areas. In 
conclusion an overall summary is given of the results and their potential applications. 

 

Monitoring, evaluation and modelling of the existing conditions 

Most of the small experimental catchments that were available for study in the project have 
the character of representative catchments. They therefore offer valuable data for 
estimating the effect of climate change on the water budget of catchments. The monitoring 
system GEOMON, coordinated by the CGS, has been operated in its current form since 1994. 
Using a uniform methodology, input data are drawn from a network of fourteen small forest 
catchments for the purpose of calculating the biogeochemical fluxes of ecologically 
important components. This is an internationally recognised procedure for assessing the 
condition and development of the natural environment, as is evidenced by the fact that 
some of the catchments have been included in the international monitoring network ERB 
(the Euromediterranean Network of Experimental and Representative Basins). A description 
of the catchments included into the ERB network (Liz, Uhlířská and Anenský potok) can also 
be found in the European basin database (www.euro-friend.de). One objective is to 
progressively integrate all the other small catchments into this network. A few selected 
catchments are included in other international networks: ICP Integrated Monitoring 
(Anenský potok, Lysina), ICP Waters (Lysina, Uhlířská) and ILTER (Lysina, Pluhův bor). The 
GEOMON network catchments are presented in the final report, along with the methodology 
used for data collection and evaluation. 

One major output is an analysis of the evolution of changes in the quantities of particular 
chemical components contained in open-field precipitation, in throughfall and in runoff for 
all the catchments studied over the period 1994 - 2010. The analysis is summarised in table 
form, and supplemented by extensive graphic attachments, which clearly document the 
temporal variability of the content of the monitored components. 

The project research included a statistical analysis of trends in selected parameters of 
surface waters at a set of catchments of the GEOMON network, which shows the response 
of ecosystems to changes in deposition. Ecosystem response cannot be predicted precisely, 
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but by comparing and contrasting the results of monitoring with those of modelling 
quantified conclusions can be drawn about likely future ecosystem change. The most 
important experimental findings are statistically significant decreases in the concentrations 
of nitrate and sulphate in runoff from almost all catchments. Exceptions to this are those 
catchments with high surface water pH, where significant adverse effects of acidification 
were not anticipated. At catchments where a reduction occurred in concentrations of 
sulphate anions, a significant drop was also seen in concentrations of base cations, so that 
their loss from the studied forest ecosystems decreased. 

In order to assess the impacts of climate change on the hydrological pattern, in particular in 
connection with the extremalisation of the hydrological cycle, it is absolutely essential to 
have continuous measurements available covering the longest possible period of time. The 
maintenance of continuous measurements has been facilitated by equipping the catchments 
with remote data transmission systems, which were co-financed as part of the project and 
installed at selected catchments. These included, for example, the catchments of Liz in the 
Bohemian Forest, Modrý potok in the Giant Mts., Uhlířská in the Jizera  Mts. and Jezeří in the  
Ore Mts. A tried and tested system of automatic stations was used, which was supplied by 
domestic suppliers and was fitted with packet data transmission via GSM networks (GPRS). 
The ability to continuously monitor the measurement process reduces the risk of data loss 
thanks to the early detection of sensor malfunctions, for example. 

As part of the present project, a more detailed analysis was made on biogeochemical fluxes 
of organic carbon and nitrogen fractions, as well as lead fluxes. Concentrations of dissolved 
organic carbon (DOC) in precipitation were highest in those areas with the lowest total 
precipitation and in throughfall in spruce stands suffering from environmental stress. The 
highest DOC concentrations in runoff were found in both the catchments of the Slavkov 
Forest. Conversely, the lowest were in the catchments in the Beskydy Mts. and the Giant 
Mts. The highest concentrations of DOC in runoff were found in the catchments Lysina, 
Uhlířská, Pluhův bor and U dvou louček, i.e. in Slavkov Forest and in the Jizera Mts. and Eagle 
Mts. 

In terms of total dissolved nitrogen (DN), the proportion of dissolved inorganic nitrogen 
(DIN) exceeds that of dissolved organic nitrogen (DON) in both precipitation and throughfall. 
The same applies in the case of runoff from most of the catchments, although at four 
catchments the opposite situation was found - the most acidic catchments of the GEOMON 
network (Litavka, Lysina, Loukov) plus Spálenec in Šumava. 

The highest concentrations of DON in precipitation were found at the locations with the 
lowest total precipitation. The highest levels of both DN and DIN in runoff were in 
catchments with over-aged spruce (Anenský potok, Polomka, Pluhův bor). The highest 
absolute concentrations of DON in runoff were also found at these three catchments, plus at 
Lysina. Conversely, the lowest concentrations of DON were detected at a relatively 
heterogeneous group of catchments (Salačova Lhota, Modrý potok, Liz, Litavka). The highest 
annual mean DON concentration in runoff was found at two geochemically contrasting 
catchments of Slavkov Forest, while the lowest runoff concentration was found at four 
catchments located at  medium  altitude to the east of Prague, where the total surface 
runoff itself is also very low . 

Most previous studies agree that lead (Pb) is tightly bound in mineral soil horizons, and that 
only a negligible part of atmogenic Pb is found directly in stream water. The isotopic ratio 
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206Pb/207Pb in the GEOMON network shows that practically all exported lead comes from the 
upper soil horizons and is of anthropogenic origin. Since the level of runoff Pb at heavily 
polluted locations in north Bohemia is now decreasing, we do not expect any future pulse of 
increased export of Pb from catchments, or any increased risk to the health of aquatic 
organisms and humans due to the neurotoxic properties of Pb. 

Although many studies show a correlation between the amount of dissolved organic carbon 
and the amount of lead in runoff from catchments, the data from the GEOMON network do 
not confirm this dependent relationship. In recent years the concentrations of DOC (and thus 
also the anions of organic acids) in runoff have been increasing. The reason for this may be 
the maintenance of the electroneutrality of water during the considerable decrease of 
anions of strong inorganic acids due to the reversal of acidification or climate change. 
Increasing temperatures and DOC levels have had no apparent effect on the amount of lead 
in runoff, and the study did not therefore prove the impact of climate change on the runoff 
of lead from the catchments studied. 

The results of an investigation of the frequency ratios of stable isotopes of sulphur showed 
that S isotopes are a good marker of the dispersion paths of anthropogenic sulphur in 
ecosystems. On the basis of an evaluation of sulphur isotopes, it is also possible to 
determine whether unknown, as yet unstudied catchments export or accumulate sulphur. 

A further project output included was a comparison of the results of regional mapping of 
basic components characterising the chemistry of surface waters in the Czech Republic, 
which was carried out by the CGS during the years 1984-96 and 2007-10, with the results of 
the monitoring of the small GEOMON catchments. This comparison made it possible to 
determine the level of confidence for the extrapolation of regional data to the entire 
territory of the Czech Republic, as well as its limitations. The measured and extrapolated 
values agreed in 32 % of cases, and the extrapolated values were marginally above or below 
the measured values in a further 20 % of cases. This level of agreement shows that, subject 
to comparable geographic conditions, the catchments of the GEOMON network can be 
considered to be representative. 

An example of an analysis of the water balance is an evaluation made at one of the 
monitored catchments of the GEOMON network - Lysina in the Slavkov Forest. The small 
forest catchment Lysina was chosen for study because it is a representative example of an 
extremely anthropogenically acidified central European catchment. 

The RETU model was used for modelling the hydrological cycle in small catchments. 
Modelling of data series from 2001 to 2010 showed that the RETU model enables the 
prediction and modelling of the occurrence of extreme hydrological events such as flash 
floods due to torrential rain at the scale of hours and days. The RETU model can thus serve 
as a predictor program for local flash flood warning systems. At the scale of the year, it can 
be used for studying the hydrological patterns both of soil and of catchments and the 
precipitation-runoff relationship, as well as evaluating their stability or extremality. The 
results of simulations performed using the RETU model also showed that in mountainous 
conditions with limited supplies of shallow groundwater, soil water retention is a major 
factor determining the nature of the hydrological cycle and the level of production of 
phytomass. 

In the project a conceptual catchment model was created of the sources and runoff 
generation based on an analysis of stable isotopes of oxygen, nitrogen and sulphur. Three 
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catchments (Liz, Lesní potok, Červík) were monitored for the purposes of this evaluation. 
Complete data series were successfully obtained for the Červík catchment in the Beskydy 
area, and therefore a detailed evaluation was made of this catchment in particular. Valuable 
findings were made from this analysis about the formation of runoff in small catchments. 
The conceptual runoff model created characterises both the sources and the generation of 
runoff in the conditions of small catchments very well. Infiltrating precipitation mixes with 
shallow groundwater and generates runoff with a rapid response to precipitation. The 
proportion of groundwater in runoff is high, while infiltrating precipitation is delayed by 
several weeks. The estimated size of aquifers and their saturation are therefore important 
issues as regards catchment response to precipitation. The finding that aquifer saturation 
increases the quantity of runoff during otherwise equal precipitation is consistent with the 
findings obtained during the application of the RETU model. This has been used during the 
design of a flash flood early warning system. 

An evaluation made of trends in measured runoff series at all the catchments of the 
GEOMON network did not yield an unequivocal answer to the question of whether changes 
are occurring in the runoff patterns due to observed changes in climate. Considered across 
all the catchments, no statistically significant decreases or increases in runoff are taking 
place in any given month or season. Only in the case of two catchments was a statistically 
significant long-term increase seen in average monthly runoff, namely for February at the 
catchments Uhlířská and Lysina, which have relatively long observed data series (since 1982 
and 1989 respectively). Primarily, this indicates that runoff series for the GEOMON 
catchments are not showing any response to increasing temperatures, which should result in 
the shift of spring maxima to an earlier time. During the growing season (May to October) 
statistically significant decreases in runoff can be seen at the catchments Uhlířská (June and 
August), Lysina (July), U Dvou Louček (June), Polomka (July) and Salačova Lhota (September). 
In the autumn-winter months, there were decreases only at two catchments, Spálenec 
(December) and Salačova Lhota (November-January). 

To complete the comprehensive overview of the processes taking place at the level of 
catchments as ecosystems, a hydrobiological evaluation of selected GEOMON catchments 
was also included into the project. This evaluation was carried out for nine catchments and is 
a valuable output of the project, documenting the relationship between the biodiversity of 
benthic macroinvertebrates and hydrochemistry. The main conclusion was a finding of the 
significant dependence of biodiversity on water acidity. As expected, a significant decrease 
in the number of taxa is occurring in the most acidic streams. 

 

Projected development of the hydrological patterns and biogeochemical 

fluxes 

For the purposes of evaluating the impacts of anticipated climate change on hydrological 
patterns over several time periods, to 2025, 2050/2055 and 2085, the models SAC-SMA, 
BROOK90 and SWIM were applied. The model BROOK90 was used in cooperation between 
research departments of the Czech Geological Survey and the Institute of Hydrodynamics of 
the Academy of Sciences of the Czech Republic. 
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The overall trends indicate that although in the near future, i.e. in the next few decades, a 
generally positive situation can be expected in terms of sources of water supply as we 
project a relatively moderate increase in temperatures and slightly higher levels of 
precipitation, as temperatures progressively rise adverse effects will worsen according to the 
scenario over the period to 2055. 

Simulations were carried out on the effect of climate change on the hydrological cycle of 
medium-sized basins (Cidlina, Otava, Malše) using the SWIM model. These confirmed that it 
is possible to generalise findings made at small representative catchments (of 0.22 to 
2.62 km2) to basins covering larger areas (437 to 1 720 km2). Simulations showed that at all 
of the medium-sized basins studied there will be a drop in mean monthly discharges over 
the period to 2050. This is projected to be most pronounced in the spring (with a peak in 
April), as the maximum discharge resulting from snowmelt will decrease. A slightly greater 
decline in mean monthly discharges is projected to occur in the lowland basin of the Cidlina, 
where the already existing risk of the stream drying up will increase in the summer and 
autumn months. Another important factor in ongoing climate change will be the change in 
the amount and spatial distribution of soil moisture. Although it was found that winter and 
spring soil water saturation at the selected medium-sized basins should mirror the current 
values, significant declines are to be seen from the summer onwards, peaking in the autumn 
months, especially in the lower parts of the basins. A recommendation for continuing 
research may be to improve simulations of the hydrological component of the model, where 
attention should be focused on the procedure for calculating peak flows, which are generally 
not precisely estimated. 

Most importantly of all, however, consideration has to be given to the conditions indicated 
for the relatively distant outlook to 2085. According to precipitation-runoff simulations, a 
general reduction in runoff can be expected as we see an absolutely clear increase in 
temperatures accompanied by mostly moderate changes in precipitation. This will be most 
evident in particular in the case of small catchments in low-lying hill country.  Results of 
simulations performed using the BROOK90 model showed that temperature increase and 
the redistribution of precipitation over the course of the year, with a decrease in the 
summer and an increase in winter, according to various climate change scenarios for the 
period to 2085 will result in significant changes in the water budget of the GEOMON network 
catchments. Evapotranspiration is generally expected to increase, although at some 
catchments there could even be a drop in evapotranspiration during the summer months 
due to limitations on available water. Expected increase in evapotranspiration in the spring 
reflects the earlier onset of the growing season. Simulation of the future runoff pattern 
showed that there will be a significant decrease in runoff in the summer and autumn 
months. For some headwater catchments - especially those at lower elevations where there 
are naturally lower levels of precipitation and higher temperatures compared with 
catchments in mountainous areas - this would even result in streams regularly drying up 
during the summer months. In the case of catchments at higher elevations with larger 
supplies of snow cover in the winter months a significant shift in spring maxima would occur, 
along with the shortening of the period of snow cover. As a result of the temperature 
increase, it can be expected that some low-lying catchments will not have continuous snow 
cover during the winter months. In the future it will be necessary to focus more on the use 
of distributed hydrological models, which will allow the refinement of estimates of the 
impacts at the level of individual experimental catchments. Another associated issue is the 
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need to refine the climate input data for the models, which are difficult to use for these 
purposes with their current low resolution. For this reason, focused attention should be 
given to the development of suitable correction procedures, their verification, and 
subsequent analyses of the effect on the results of studies. Only then will it be possible to 
quantify the uncertainty associated with estimates of future developments. Emphasising 
modelling at a higher resolution could, for example, help to clarify the effect of current 
forest management practices (e.g. the gradual change of the species composition of forests, 
creating clearings by extraction) on the runoff patterns in predicted future climate 
conditions. Temperature increase and a decrease in soil water content in the soil horizons, 
combined with intensive forest management, could result in effects such as increased soil 
erosion. 

The project also fulfilled objectives focusing on geochemical modelling. Specifically, these 
were to create a model of environmentally important elements (carbon C and nitrogen N) 
and their compounds in the case of changed hydrological conditions; to create a “realistic” 
and dynamic approach to the modelling of the development of the chemistry of surface 
waters and soils using the geochemical model MAGIC; to assess the potential risks 
associated with the disruption of ecosystem functions (nitrogen retention, recovery from 
acidification) due to the occurrence of hydrologic events (floods and droughts); and to 
quantify critical and target loads using the geochemical model VSD in connection with 
climate scenarios. 

The effect of climate change on the biogeochemical cycles of environmentally important 
elements was studied in the project using the MAGIC model. The outlook to 2085 is outlined 
in a report using the Lysina catchment as an example. Projected climate change will have 
only a small effect on annual average chemistry, despite the fact that in the pessimistic 
scenario the reduction in runoff is relatively high. This is due to the high degree of 
acidification of an already naturally acidic catchment. The main variable governing water 
chemistry are changes in the amount of acidic atmospheric deposition. The environmental 
condition of the stream will therefore remain poor, mainly due to the effects of acid 
deposition and forest management in the catchment. 

During the project, attention was also focused on a new version (7ext) of the biogeochemical 
model MAGIC based on modelling of the soil organic matter cycle to more accurately 
conceptually represent the real processes in the soil environment compared with previous 
versions of the model. The new version of the MAGIC model was calibrated and tested at 
three long-term monitoring stations in the Czech Republic (Načetín, Lysina and Čertovo lake 
in the Bohemian Forest area). The improved ability to model the nitrogen cycle has led to 
better prediction of the overall chemistry of soils, soil solutions and surface waters in the 
studied areas. 

During the performance of the project it was also necessary to make a study of the carbon 
cycle in connection with observed climate change. It was found that recovery from 
acidification significantly influences the carbon and nitrogen cycle in forest ecosystems. The 
connection between the level of acidity of the environment and the C and N cycle has not 
yet been properly incorporated into the input global models of the carbon cycle used in 
biogeochemical modelling, even though the results obtained may have significantly affect  
the way forest ecosystems manage carbon. The main conclusion is that recovery from 
acidification caused a significant decrease in soil carbon stocks. 
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The project also involved a determination of critical and target loads using the VSD+ model 
and input parameters from hydrological models and predicted climate scenarios. 

The advantages of using the VSD + model consist of the possibility to simulate nitrogen and 
carbon circulation processes and interconnection with vegetation models, allowing more 
accurate determination of critical loads. Results from this project will help with the creation 
and revision of protocols of the CLRTAP (the Convention on Long-Range Transboundary Air 
Pollution). In 2010, data from the monitoring of small forest catchments - specifically data on 
the leaching of nitrogen from small catchments and on atmospheric deposition of nitrogen - 
played a contributing role in the revision of empirical critical loads of ecosystems with spruce 
stands (EUNIS habitat type G 3.1). 

 

Adaptation measures 

At the present time the effect of climate change is leading to the extremalisation of the 
hydrological cycle, with all the associated negative consequences. In the Czech Republic we 
can therefore observe the frequent occurrence of intense convective precipitation in 
summer, resulting in flash floods, often with disastrous consequences, and conversely the 
worsening and ever more frequent recurrence of both hydrological and hydrometeorological 
droughts. In order to offset and minimise the impacts of extreme hydrological events 
triggered by ongoing climate change, an appropriate step is to adopt and implement 
adaptation measures. In the Czech Republic, such measures should be focused mainly on 
offsetting decreases in discharges and the yields of water resources, and, on the other hand, 
on minimising the impacts of flash floods, especially in mountain and foothill areas. 
However, when designing, adopting and implementing adaptation measures to mitigate the 
impacts of climate change in the landscape and on watercourses, it is advisable to assess the 
impact and effectiveness of specific measures quantitatively based on an evaluation of the 
water budget. In terms of resources, an evaluation of the water budget has to be made, 
while as regards water use consideration should be given to the water management balance. 

An important part of the project was therefore to propose ecostabilisation and adaptation 
measures, both in general terms and for a specific catchment - the Arnoštský potok brook 
near Vimperk - as a basis for the local development plan. In addition, maps were created 
showing bases for increasing the stability of hydro-ecosystems, specifically for the 
catchments Lysina, Pluhův bor, Liz, and U dvou louček. 

The purpose of adaptation measures at small catchments is to mitigate the potential adverse 
impacts of climate change on biodiversity and ecosystem services. At the same time they 
should also increase the ecological stability of the landscape and conserve biodiversity. 
When designing ecostabilisation and adaptation measures, the basic objective has to be to 
propose measures that will significantly slow the runoff of water from the territory of the 
Czech Republic, strengthen the creation of groundwater supplies, and protect soil cover 
from erosion and other degradation processes. At a time when we are seeing the 
extremalisation of hydrological processes, with frequently occurring intense precipitation 
events resulting in flash floods, it is appropriate to implement preventive and technical 
(structural) measures. Such preventive measures mainly involve increasing retention 
capacity of the landscape at catchments. At the present time, there is also ever greater 
discussion of “semi-natural flood control measures”. The retention capacity of the landscape 
varies significantly depending on the differing characteristics of the terrain, soils and 
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vegetation cover. Although the landscape is not able to capture all the water from torrential 
precipitation, there are places where water is retained, both for shorter and longer periods 
of time, and even short-term retention of water in the landscape is beneficial as it slows 
down the concentration of runoff into the channels of watercourses. Floods last longer, but 
have a smaller peak and less kinetic energy. In terms of slowing runoff from the land, forests 
have the most favourable characteristics. However, a range of flood control measures can 
also be implemented on agricultural land. 

The methodology for preparing geological background materials used in the proposals for 
increasing the stability of hydro-ecosystems at selected catchments of the GEOMON 
network can, in a suitably modified form, also be used as one of the bases for processing 
information on the natural conditions in specific larger areas of the Czech Republic. 
Importing maps into the GIS environment (digitisation) has allowed better use of the project 
results, and enabled them to be displayed at different scales and in various levels of detail. 

As there are around 60 to 100 flash floods in the Czech Republic each year, which cause 
damage to municipalities in particular at the upper parts of watercourses and in foothill and 
mountain areas, the project proposed a local warning system enabling the risk of flash 
flooding to be detected. Due to the mechanisms involved in flash flood formation, it is not 
possible to wholly rely on the fact that the national early warning system will detect them in 
time. An analysis of the risk factors for the incidence of flash floods carried out at a small 
mountain catchment has enabled a better understanding of the mechanisms involved in the 
formation of extreme runoff levels at small catchments, especially as regards the proportion 
of old (soil) and new (rain) water at different stages of runoff. Based on the experimental 
findings made at the small catchment a new local warning system was designed - and 
described in the report - which detects the occurrence of a combination of four risk factors 
(saturation of soil cover, soil surface hydrophobia, gravity-driven unstable water flow in the 
soil, and extreme precipitation), which govern the formation flash floods. The proposed 
system will help to lengthen the advance warning time before flash floods, and to reduce the 
number of false alarms, thereby potentially reducing the risk of loss of lives and property. 
The instrumentation platform of the system is highly sophisticated and competitive even at 
an international level. 

In the project, attention was also given to assessing land cover change and ecological 
stability in the Czech Republic based on a comparison of the changes over the years 1990-
2006 (more recent data on land cover are not yet available). This part of the project is an 
empirical supplement to the proposed practical measures for mitigating the adverse impacts 
of climate change on the water budget, and applies findings from the GEOMON catchments 
to the national level. Changes were determined at the basin level because the vegetation 
cover of basins has an effect on the runoff generation in catchments (water interception on 
the surface of plants, water retention in the soil), on soil erosion, hydrochemical processes, 
air-plant-soil interactions etc. The most important process influencing retention and 
infiltration of water in landscapes is the growth in urbanised areas, which is reflected by a 
decrease in the coefficient of ecological stability. This may significantly affect not only the 
infiltration of water into the soil and water retention, but also the biodegradation function 
of the soil, carbon sequestration or solar energy dissipation. All of these impacts may be 
further exacerbated as a consequence of climate change. The analysis presented shows that 
the most vulnerable basins are those where large areas of agricultural land were taken over 
for residential or commercial construction during the period 1990-2006. However, the 
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situation in those basins cannot be expected to have significantly improved since 2006. On 
the contrary, it can be expected that due to the constant growth of urban areas continuing 
after 2006, the situation in many other basins will further deteriorate compared to the state 
shown in the data. 

 

Summary of results 

The main objective of the project focused on a study of the hydrological and hydrochemical 
processes at small forest catchments during a period of ongoing climate change and the 
extremalisation of the hydrological cycle. For this purpose, long-term observations at the 
GEOMON network of fourteen small representative catchments covering areas ranging from 
0.22 to 2.62 km2 were used. Hydrological and hydrochemical models were applied as a tool 
for estimating the hydrological and hydrochemical response of the catchments to predicted 
climatic developments, which were reflected in the project using climate change scenarios. 

Results of precipitation-runoff simulations showed that temperature increase and the 
redistribution of precipitation over the course of the year, with a decrease in the summer 
and an increase in winter, according to various climate change scenarios for the period 2071 
- 2100 will result in significant changes in the hydrological balance of headwater areas. 

A simulation of the future runoff patterns for headwater catchments showed a shift towards 
the higher incidence of extreme hydrological situations, and decreases in runoff in the 
summer and autumn months, which could even result in streams regularly drying up in the 
case of low-lying catchments. At the same time, however, an increase is projected in the 
frequency of flooding caused by torrential precipitation. 

Key studies of the future development of the hydrological regime were carried out at small 
catchments which represent a mosaic of the Czech landscape, and whose specific runoff 
patterns  requires permanent and continuous attention. The potential for generalising the 
findings made and their applicability at larger basins were demonstrated by carrying out 
model studies on larger basins (covering between 437 and 1 720 km2). 

At the small catchment scale it was possible to successfully demonstrate, theoretically 
describe and mathematically model gravity-driven unstable water flow in the soil. In addition 
to intense precipitation, this phenomenon, combined with other risk factors (saturation of 
soil cover, soil surface hydrophobia) significantly contributes to the formation of flash floods 
from torrential rain. One of the major outputs of the project was a designed flash flood early 
warning system, which makes use of new findings regarding the hydrodynamic mechanisms 
of runoff formation in small catchments. At this time of the extremalisation of the 
hydrological cycle, the Czech Republic is experiencing an ever-growing number of flash 
floods, which occur mainly in the upper parts of watercourses and in foothill and mountain 
areas. These form exclusively in the summer, have a local scale, and frequently have 
disastrous consequences for the affected area. This type of flooding can be forecast from 
synoptic charts, but not precisely predicted. Due to their small spatial scale, flash floods are 
usually not detected in time by the integrated national early warning system. The system 
designed in the project can help significantly in reducing the damage caused by such sudden 
flooding. 

Another objective of the project was to propose measures for adaptation to climate change 
based on findings derived from experimental data obtained at a network of small 
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representative catchments and mathematical modelling exercises. In the project, potential 
ecostabilisation and adaptation measures were proposed both in general terms and in the 
form of specific proposals for selected pilot headwater areas. 

Climate change is likely to have a significant impact on all the components of the biosphere 
at the small catchments studied. A multidisciplinary approach was therefore required in 
performing the project, and in addition to carrying out an evaluation of long-term trends in 
runoff from model catchments, attention was also focused on evaluating biogeochemical 
fluxes and balances at the catchments themselves. In addition to long-term data series 
evaluations, the effects of climate change on the biogeochemical cycles of environmentally 
important elements were simulated, and the future development of surface water chemistry 
was simulated using a geochemical model. 


