
Ecohydrology – process oriented thinking 
for sustainability of river basins

Maciej Zalewski

European Regional Centre for Ecohydrology under the auspices of UNESCO, 
Tylna 3, 90-364 Łódź, Poland; Department of Applied Ecology, 

University of Lodz, Banacha 12/16, 90-237 Lodz, Poland

Abstract
The ecological and hydrological processes together with the observed global changes 
should be considered while formulating the strategy for sustainable development. The 
step forward is to increase carrying capacity of the ecosystems by enhancing the key 
ecohydrological processes acting in the biogeosphere. The integration of knowledge 
and information among disciplines is a prerequisite to generate wisdom followed by 
well-informed and well-planned actions. This was the rationale for the 2nd Conference 
on Healthy Rivers and Sustainable Water Resource Management that took place in 
Chongqing, China, in October 2011; and the papers selected for this issue follow the 
same idea. Short summaries of each of them is given at the end of this article. 
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1. Introduction
The network of river ecosystems determines 

biodiversity potential in the landscape scale by main-
taining gradients of wet and dry habitats. However, 
rivers are among the most vulnerable ecosystems 
in the landscape due to their location in the lowest 
parts of the catchment. Thus, the cumulative effects 
of all forms of human activities, if not suffi ciently 
purifi ed and properly treated (by e.g. use of sewage 
treatment plants, ecotones/buffering zones, etc.), due 
to the intrinsic nature of hydrological cycles, provide 
pulses of pollutants and nutrients into surface and 
ground waters. 

There is high complexity and gradual change 
of riverine ecosystem structure and function along 
the river continuum (see Vannote et al. 1980) mani-
fested by a diversifi ed mosaic of habitats, the vivid 

dynamics of ecological processes and a gradual shift 
in the hierarchy of abiotic and biotic factors acting 
along the river course (Zalewski, Naiman 1985). 

Riverine ecosystems possess very high resilience 
– a self-regenerating capacity to recover from the 
effects of stress-generating factors. Soon after the 
negative impacts are eliminated or reduced regenera-
tion of the structure and function of the ecosystems 
may occur (algae, invertebrate, fi sh) – within days 
or weeks – thanks to the continuous fl ow of water. 
However, in case of reservoirs, the resilience to 
human impact is much lower than in rivers due to 
longer retention time and enhanced sedimentation 
of nutrients and pollutants. For example, in Sulejów 
Reservoir, central Poland, the retention time may 
vary between 3 and 90 days depending on the inten-
sity of precipitation and river fl ow, however, toxic 
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algal blooms appear and signifi cantly increase in 
intensity when the retention time exceeds 30 days 
(Tarczyńska et al. 2001).

Another important aspect of the ecological 
performance of river systems is their high absorbing 
capacity, understood as an ability to retain nutrients 
and pollutants, including heavy metals, in the sedi-
ment and fl oodplain (Zober, Magnuszewski 1998; 
Kiedrzyńska et al. 2008). In the case of reservoirs, 
it is manifested as an ability to reduce loads trans-
ferred downstream, through in-pool retention, and 
to reduce the toxicity of harmful substances, e.g. 
dioxins, deposited in sediments (Urbaniak et al. 
2012a, 2012b). 

What is more, reservoirs in catchments with 
highly modifi ed hydrological cycles, resulting in 
increased runoff rates and material transfer down-
stream due to deforestation and urban development, 
reduce the stochastic character of river hydrology 
that allows mitigation of fl oods and droughts, and 
lessens nutrients and pollutants transfer downstream 
(Kentzner et al. 2010). 

The factors that to greatest extent determine river 
hydrology and dynamics are geological structures 
and groundwater reserves. Depletion of the latter is 
yet another aspect of global change, induced by the 
combination of climate change and human impact on 
the hydrological cycle in general, and on surface wa-
ters in particular, as for example impervious surfaces 
limit recharge and enhance surface runoff. A cascade 
of multipurpose reservoirs should be an important 
way to increase groundwater recharge under condi-
tions of climatic instability. Groundwater reserves 
would therefore form an important water stock to 
be used in times of drought to meet both human and 
ecosystems water needs. It is necessary, however, 
that their utilisation be preceded by a thorough 
understanding of the role of these impoundments 
coupled with their connected groundwater reserves 
in climate change, and their possible uses should 
be precisely controlled to avoid overexploitation 
(Green et al. 2011). 

These key processes, although not exhaustive, 
analysed within the framework of the three eco-
hydrological principles, have to be considered in 
the formulation of river basin management plans 
as required under the European Water Framework 
Directive (WFD). Especially important is the quan-
tifi cation of the dynamics of the annual patterns of 
mineral and organic matter, and nutrient and pollutant 
transfer along the river continuum, because it is these 
dynamics that determine surface and groundwater 
quality, habitat diversity, river trophy, and biodiver-
sity. Analysis of the distribution and performance of 
ecosystems in the catchment should be done with 
special emphasis on pristine ecosystems, which 
should be protected as the cultural and ecological 

heritage of humanity. “Novel ecosystems” (Hobbs 
et al. 2006), on the other hand, that are an effect 
of combined human interventions and ecological 
succession, can be the subject of and a tool for 
ecohydrological “dual regulation” interventions. 

Integration of our understanding of the hy-
drological cycle, ecological processes, societal 
status, and development potential, and ecosys-
tems conservation needs, has to be considered in 
the formulation of strategies of ecohydrological 
process regulation on the catchment scale. Every 
ecohydrological regulation ought to be based on 
an understanding of the evolution of the observed 
phenomena and processes (Alverson et al. 2003), 
with a special emphasis on the role of human in 
the modifi cation of the hierarchy of drivers and 
impacts. All in all, the efforts undertaken should 
well address the overall goal which is to increase 
global and river basin carrying capacities to achieve 
sustainability in the face of global change, which 
is generated by demographic impacts and climate 
change (Vörösmarty et al. 2000). The enhancement 
of carrying capacity in ecohydrology is understood 
as a state of the environment where simultaneous 
improvement of  water resources, biodiversity, 
ecosystem services and resilience in a catchment 
can be observed. 

Having said that, we come to the rationale 
for this issue and its preceding conference. If the 
strategic goal of Ecohydrology is the regulation of 
water and biota, as interconnected processes for 
sustainability, the effi cient regulation of the processes 
ranging from the molecular to the catchment scale 
is not possible unless we deepen our understand-
ing of those processes in various types of riverine 
ecosystems. This is also important from the ethical 
and fi nancial points of view, because ad-hoc and 
ill-informed actions on a large scale may cause 
unexpected human suffering and generate excessive 
or unreasonably high costs of remediation. This is-
sue emerged as an outcome of the 2nd Conference 
on Healthy Rivers and Sustainable Water Resource 
Management that took place in Chongqing, China, 
between 20-22 October, 2011. It consists of a set of 
papers linked together by process oriented thinking 
and aimed at the quantifi cation of key ecohydrologi-
cal processes for better water resource management. 
A short summary of each paper follows.

Assessment of hydrological alterations over a 
40-years period in Tibet (Chen this issue) shows 
that, due to the increased stochasticity of the hy-
drological cycle, induced by global climate change, 
the low-pulse fl ow duration is amplifi ed by 200% 
and the high-pulse duration by up to 10 times. In 
contrast, population growth and agricultural activities 
contributed up to 30% of the alterations. 

Increasing the magnitude of pulses and reduced 
fl ows result in the increased area of the water level 
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fl uctuation zone. In the case of reservoirs, Zhang 
et al. (this issue) analyse the nutrient content of  the 
water level fl uctuation zone of the Three Gorges 
Reservoir determining that nitrogen especially can 
play an important role in the eutrophication of waters. 
This can be explained by accelerated mineralisation 
and decomposition in fertile sediments deposited 
within this water fl uctuation zone that is exposed 
to the terrestrial environment after water recession. 

Another aspect of reservoir functioning is or-
ganic matter decomposition, resulting, among others, 
in fi sheries yield declines in deltaic areas (compare 
the Nile case in Africa, e.g. Aleem 1972). What is 
more, organic matter trapped in reservoirs may fi nd 
suitable conditions for enhancing the generation 
of greenhouse gas (GHG) emissions, especially in 
areas of high biological production. Goldenfum (this 
issue) provides a synthesis of available informa-
tion on this process and proposes the adoption of 
coordinated monitoring guidelines that arose from 
recommendations formulated through the coopera-
tive efforts of UNESCO-IHP and the International 
Hydropower Association. 

The decomposition of organic matter deposited 
in reservoirs together with the organic matter carried 
into the reservoirs by rivers is the main cause of eu-
trophication and associated toxic algal blooms. The 
precise monitoring of the timing, patterns, intensity 
and toxicity of algal blooms (Mankiewicz this issue) 
is fundamental for the identifi cation of cause-effect 
relationships between the drivers and symptoms of 
eutrophication-related harmful algal blooms, and is 
essential for cost effective regulation of river basin/
reservoir processes leading towards sustainability 
of balanced reservoir ecosystems.

The paper by Azime Tezer et al. (this issue) 
underlines the need for integrated planning for en-
hancing the resilience of urban ecosystems. Under 
conditions of climate change, which can threaten 
both the socio-economic and environmental as-
sets of urban riverine systems, the integration of 
ecosystem services into watershed management 
is especially important. The ecosystem services 
approach is presented through a case study of the 
Istanbul-Omerli watershed in Turkey.

The modifi cation of river basins by dams, if the 
possibility for ecological migration is maintained, 
usually reduces the stochasticity of hydrological 
processes that negatively affect water resources and 
ecosystems status in highly modifi ed catchments. 
Maintenance of the possibility for ecological migra-
tion moderates the negative ecological effects on 
freshwater biota. However, if sediment transport 
downstream is curbed, dams can still seriously 
affect coastal zone ecology, especially by enhanc-
ing shoreline erosion as a result of diminished 
sediment fl ows in the system. One of the options 

to compensate for reduced mineral matter loads in 
seashore sedimentary areas is beach nourishment 
which could be accomplished through extraction of 
sand deposits from the sea bottom. Such a solution 
can be expected to be effi cient for decades (Sylaios 
et al. this issue).

Well informed actions are not possible with-
out a good database, with proper spatial and time 
resolution. The paper of Jelev and Jelev (this issue) 
demonstrates how, within the framework of Ecohy-
drology, the extensive monitoring and observation 
system of the Black Sea basin could be used to 
achieve sustainable watershed management. Several 
specifi c applications for the Black Sea, Danube 
River and Delta are presented.

Integration of the knowledge of the processes 
acting in a river basin with human decision-making 
processes creates a background for development of 
water management policies. The paper by Richard 
Allan (this issue) introduces the key elements of 
the Water Framework Directive (WFD), which are 
mainly legislative regulations, designed to achieve 
a sound ecological status in, and support the  imple-
mentation of transdisciplinary ecohydrology sciences 
into, river basin management planning. An example 
from Scotland is described. 
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