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Introduction

TheMerriam-Webster Unabridged Dictionary defines
the term reservoir as ‘an artificial lake in which water
is impounded for domestic and industrial use, irriga-
tion, hydroelectric power, flood control, or other pur-
poses.’ The size and water content of a reservoir are
controlled by a dam. The reservoir volume is usually
defined by its live or dead storage capacity. Live stor-
age capacity is the entire volume that can be with-
drawn from the reservoir, whereas dead storage is
the volume of water remaining in the reservoir when
it is emptied to its (legislative) low-water level. Live
storage capacity can be expressed as a degree of regu-
lation, i.e., the proportion of a river’s mean annual
discharge that can be stored in a reservoir. Most reser-
voirs have a fairly low degree of regulation – usually
far below 100% – but Lake Volta in the Volta River in
Ghana has the world record of 428%, implying that
more than 4 years of average discharge can be stored
in the reservoir without releasing any water down-
stream of the dam. Apart from storing water, the
function of a reservoir is to raise the level of the
water to be diverted into a canal or pipe or to increase
the hydraulic head. The head is an expression of water
pressure that can be measured as the difference in
height between the surface of a reservoir and the
river downstream. Hydroelectric stations convert
this pressure to electricity.

Global Distribution of Reservoirs

There are nearly 50 000 dams in the world with
heights above 15m – defined as large dams – and an
almost innumerable number of small dams built for
farm ponds and other tiny impoundments. These
dams can retain >6500 km3 of water, which repre-
sents >15% of the annual global runoff (Figure 1).
The area of former terrestrial habitat inundated by all
large (>108m3) reservoirs in the world is comparable
to the area of California or France. The environmen-
tal values that were lost as a result of this inundation
are only known sporadically. It is not even known
how many people were forced to move because of the
reservoirs. The estimated number is 40–80million
people. Given that California has a population of
approximately 37million and the French popula-
tion is 64million, the magnitude seems accurate.

The project resulting in the highest number of forced
resettlement – 1.3million people – is the Three
Gorges Dam on the Chang Jiang (Yangtze) in China.
This estimate may increase because landslides in the
margins of the filled reservoir threaten populated
areas. The relative abundance of various sizes of
lakes and reservoirs is discussed elsewhere.

Although dams were probably used much earlier,
the first dams forwhich remains have been foundwere
built about 3000 BC in modern Jordan. Prior to 1950
there were only about 5000 dams in the world, imply-
ing that many other dams were built after 1950
(Figure 2). China, which by far has the largest number
of dams of the world’s nations, shows an even later
expansion in this respect. During the revolution in
1949 there were only eight large dams in China, but
50 years later the number had increased to around
22 000. The second most dam-rich country – the
United States of America (USA) – lags far behind
with only about 6600 dams, followed by India
(about 4300 dams), Japan (about 2700 dams), and
Spain (about 1200 dams).

The peak in number of dams and reservoirs created
per year was reached in the 1970s. Although the rate
of dam building has decreased, new dams are contin-
uously being added. A few years ago, on average one
new dam was completed every day after an average
construction time of 4 years, implying that around
1500 dams were under construction. In 2004, large
dams were planned or under construction on 46 of
the world’s largest rivers, with anywhere from 1 to 49
new dams per basin. Forty of these rivers are in
nations not belonging to the Organization for Eco-
nomic Cooperation and Development (OECD), indi-
cating that future dam development does not depend
on strong national economies. Almost half of the new
dams are located on just four rivers, i.e., 49 on the
Chang Jiang, 29 on the Rio de la Plata in South
America, 26 on the Shatt Al Arab in the Middle
East, and 25 on the Ganges–Brahmaputra in south
Asia. New dams are also planned for several unaf-
fected large river systems, including the Jequitin-
honha in South America, and the Cá, Agusan,
Rajang, and Salween in Asia. Many of these dams
provide a serious threat to many species and habitats.
For example, very large hydroelectric reservoirs in the
tropics are especially likely to cause global species
extinctions although such losses are rarely documen-
ted because scientific data are lacking.
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Figure 1 There is yet no complete database of the world’s water reservoirs. This map shows the location of about 1600 reservoirs from the Global Lakes and Wetlands Database

[Lehner and Döll (2004) Development and validation of a global database of lakes, reservoirs and wetlands. Journal of Hydrology 296, 1–22]. The total storage capacity of these

reservoirs amounts to approximately 5100 km3. This database will soon be superseded by GRanD (Global Reservoir and Dam Database) – a much more comprehensive database

produced under the auspices of the Global Water System Project. Figure credit: Bernhard Lehner.
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While new dams and reservoirs are added, some of
the old ones are also taken out. In fact, removal of
dams and reservoirs has become increasingly com-
mon, especially in western societies where old dams
are widespread. The reasons for taking down a dam
can vary, but one important cause is that a large dam
is no longer safe. Another is that the dam is not
needed; it might lack owners and be abandoned, or
its owners cannot find funds to maintain it. Yet
another is that the dam owners fail in the relicensing
of the dam, in most cases because the dam has too
large an environmental impact. For example, dams
that interfere with migration of ecologically impor-
tant fish stocks are key targets for removal.

Functions of Reservoirs

Although all reservoirs are built to store water, their
functions may differ. There are at least five major
types of reservoirs but many are designed for multiple
purposes. The management of multipurpose reser-
voirs builds upon compromises because it is nearly
impossible to operate each function at its maximum
level.

Irrigation Reservoirs

This is the most common type of reservoir, built
especially in dry parts of the world. Water in irriga-
tion reservoirs is released into networks of canals

mainly for use in farmlands. Water in irrigation reser-
voirs is generally not used for drinking. Thirty to
forty percent of the 271million ha of agricultural
land irrigated worldwide rely on reservoirs. In other
cases, water is extracted directly from rivers or from
groundwater systems.

Hydroelectric Reservoirs

A hydroelectric power station consists of turbines
that rely on a gravity flow of water from the dam to
turn a turbine to generate electricity. The water can be
either released to the river downstream of the dam or
pumped back into the reservoir and reused. Gener-
ally, hydroelectric dams are built specifically for elec-
tricity generation and are not used for drinking or
irrigation water. Hydropower provides 19% of the
world’s total electricity supply, and is used in over 150
countries, with 24 of these countries depending on it
for 90% of their supply. The countries producing
most hydroelectric energy are Canada, USA, Russia,
Brazil, and China.

Standard Reservoirs

‘Raw water’ means surface water or groundwater,
which, because of its bacteriological and chemical
quality, turbidity, color, or mineral content, is unsat-
isfactory as a source for a community water system
without treatment. Raw water reservoirs are used
primarily for storing raw water to be treated and
used in a community water system.

Flood Control Reservoirs

Commonly known as ‘attenuation’ reservoirs, these
are used to prevent flooding of lower lying lands.
Flood control reservoirs collect water at times of
unseasonally high rainfall, and then release it slowly
over the course of the following weeks or months. To
solve problems of hydrographic imbalance, transva-
sements, i.e., artificial crossings of water from one
river basin to another, are used to decrease floods or
to move water to lands with droughts. In countries
with timber-floating, such reservoirs were used to
even out the spring flood peak and make rivers floa-
table over a longer time.

Recreational Reservoirs

Rarely, reservoirs are built solely for recreation. Most
reservoirs are built for a civic purpose, but still allow
fishing, boating, and other activities. At some reser-
voirs, special rules may apply for the safety of the
public.
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Figure 2 Global rate of large-dam building 1950–2005. Data

are taken from McCully P (2001) Silenced Rivers: The Ecology

and Politics of Large Dams. London: Zed Books; WCD (2000)
Dams and Development: A New Framework for Decision-Making.

London: Earthscan; Scudder T (2005) The Future of Large Dams:

Dealing with Social, Environmental, Institutional and Political
Costs. London: Earthscan.
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Size of Reservoirs

Lake Volta in western Africa is known as the largest
human-made lake in the world – by area as well as
by volume. It covers 8502 km2 or 3.6% of Ghana’s
area and has a maximum length of 520 km from
its northernmost point at the town of Yapei down-
stream to the Akosombo dam. The volume of Lake
Volta is 148 km3. When the reservoir was formed
in 1965 about 78 000 people in 740 villages were
relocated to new townships, along with 200 000
animals belonging to them. The reservoir is a major
fishing area and provides irrigation for farmlands in
the Accra plains. It is also important for transporta-
tion – generally by ferries and cargo boats. The Ako-
sombo Dam controls the reservoir and is 660m long
at crest and 114m high from crest to base. Its hydro-
power station produces electricity for much of the
Ghana nation.
Although the Akosombo Dam is impounding the

world’s largest reservoir, it is not the largest dam in
the world. The Three Gorges Dam – a dam which is
2309m long and 185m high but with a reservoir that
is considerably smaller than Lake Volta – holds this
position. Upon completion, the Three Gorges Dam
will flood 632 km2 of land to create a reservoir about
644 km long and 112 km wide and with a live capac-
ity of 39 km3 of water. The dam will have the largest
hydroelectric capacity of the world’s dams, reaching
18 200MW, thus surpassing the former record holder,
the Itaipu dam on the Upper Parana River at the
Brazil–Paraguay border, by more than 6000MW.
Although the reservoir surface area will reach only
1080 km2, the entire Three Gorges Reservoir area
covers 58 000 km2, an area 16 710 km2 larger than
Switzerland. Consequently, several dozens to more
than 100 mountain tops may become modern land-
bridge islands in this reservoir landscape.
The highest dam in the world, Nurek on the

Vakhsh River in Tajikistan, is 300m high. Its reser-
voir stores water for irrigation and hydropower gen-
eration. A yet higher dam, Rogun, on the same river
has been under construction since 1976 and will be
335m high upon completion. It is possible to get an
idea of the size of these dams by comparing them to
the Eiffel Tower in Paris, which has a height from the
ground to the tip of the aerial of 324m.

Hydrology of Reservoirs

Among reservoirs, those built for generating hydro-
electricity usually have the most pronounced fluctua-
tions in water level (Figure 3). These fluctuations
result from variations in the demand for electricity.

Principally, there are two kinds of reservoir opera-
tion: storage reservoirs and run-of-river impound-
ments. Storage reservoirs are built primarily to
sustain flow in the river downstream and level out
ordinary fluctuations in discharge. In regions exhibit-
ing seasonal climate variations and where rivers show
large natural fluctuations in flow within or between
years, storage reservoirs need to be large to fulfill this
task. For example, in Norway there are two storage
reservoirs with maximum legislated water-level fluc-
tuations of 125 and 140m, respectively.

Run-of-river impoundments are built primarily to
balance daily variations in the demands for water
for electricity production, and to provide hydraulic
head. A river completely developed for hydropower
production forms stairs of dams and impounded
water surfaces without leaving any runs or rapids in
between. Normally, power stations process more
water during the day than during the night, implying
that impounded water-levels are lowered during the
day and raised during the night. This variation is
commonly rather small to avoid loss of hydraulic
head and thus reductions in power production.
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Figure 3 Typical annual water-level fluctuations in boreal
free-flowing rivers and in the two major types of impounded

waters. Note that the range of fluctuations differs between water

bodies and that the storage reservoir has reversed hydrological

conditions during summer, with early low-water and a late flood.
From Jansson et al. (2000b) Fragmentation of riparian floras in

rivers with multiple dams. Ecology 81: 899–903, with permission

form Ecological Society of America.
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Therefore, on a monthly or annual basis water levels
could become more stable, but on a daily basis there
could be frequent variation.
The numbers and locations of reservoirs vary

between rivers. Many impounded rivers have big reser-
voirs in the upstream reaches, but long unimpounded
reaches downstream. The flow hydrograph of such
downstream reaches is affected by the reservoir. It
has been estimated that, on average, about 5% of the
water in a reservoir seeps into the ground and another
3.5% evaporates each year. The rest may be extracted
or released to the river downstream. Usually, annual
variations in flow are reduced so that floods and low-
water periods become less dramatic. Additionally, the
timing of the flood events that do occur is frequently
changed. For example, in northern regions in which
the spring floodwater is stored in reservoirs, floods
may occur during summer or fall if reservoirs are filled
in the spring and heavy rains continue through sum-
mer. In winter, storage reservoirs usually freeze over at
a high water-level. Along with the emptying of the
reservoir during winter, ice settles on the shorelines.
Reservoir operation does not only change flow pat-
terns, reservoirs also affect temperature, dissolved
gases, and concentrations of waterborne material in
the river downstream of the reservoir.
In recent years, an increasing number of ecologists

advocate modified flow releases from such reservoirs,
in order to attain more natural hydrologic conditions
in the river downstream. This concept of dam reoper-
ation attempting to find a compromise between
human and environmental needs without sacrificing
one or another is called environmental flows. It has
been developed in water-poor areas such as South
Africa and Australia where wise sharing of available
water resources has become a chief issue, but the
spirit of this concept is applicable to regulated rivers
all over the world.

Geology of Reservoirs

Humans have stored so much water in reservoirs that
it has been suggested to have subtly altered the pla-
net’s rotation. Water impoundment is thought to have
shortened the length of the day and shifted the Earth’s
axis by tiny amounts. No other human activity has
been big enough to cause any appreciable alteration
in these global phenomena. Large reservoirs can also
cause earthquakes because of their addition of heavy
mass. The largest reservoir-induced earthquake
occurred in 1967 in India and had a magnitude of
6.3 or 6.8 on the Richter scale. Reservoirs are also
recognized for their ability to collect sediments.
All rivers erode their beds and carry sediments

downstream. Large reservoirs trap most of these sedi-
ments because currents slow down and drop their
sediment loads when entering the reservoirs. Rela-
tively sediments-free water is then released from
the reservoir, in turn eroding new sediments from the
channel below the dam and carrying them down-
stream. Because no sediments are deposited where
this erosion is happening below the dam, the erosive
capacity of the water may lower the riverbed by sev-
eral meters until it is armored by stones and boulders
and free from available fine-grade material. All reser-
voirs are, however, not effective sediment sinks. For
example, in small, narrow reservoirs with low water
residence time sediment deposition may be negligible.

The continuous addition of sediments to reservoirs
successively reduces their storage capacity. Small reser-
voirs in sediment-rich regions can be completely filled
within a few decades whereas large reservoirs in rivers
running over coarse substrates have an expected life
span of several centuries. It has been estimated that
almost 30% or more than 100billion metric tons of
the global sediment load is trapped behind dams. This
development is one of the factors eliciting demands for
construction of new reservoirs. Nutrients, pesticides,
and heavy metals that are transported with sediments
are also trapped in the reservoirs. Such loadings make
it more difficult to restore a river stretch should the
dam and the reservoir be regarded as no longer neces-
sary at some time in the future.

Ecological Development of Reservoirs

Early environmental researchers identified three
phases in the biological development of reservoirs: a
breakdown of the original plant and animal commu-
nities and a recolonization by different species; a
stage of increased primary and secondary production,
mainly of plankton, and the establishment of tempo-
rary biotic communities; and, finally, a period of
relative stabilization (Figure 4). This succession
holds true for most reservoirs, but the levels of avail-
able nutrients at the more final stages of development
can vary quite substantially. While some reservoirs
stabilize at nutrient levels far below those of original
water bodies in the reservoir area, others may experi-
ence increasing eutrophication because of extensive
nutrient inputs.

The most apparent environmental alteration dur-
ing the filling phase of a reservoir is that terrestrial
habitats are becoming inundated and their vegeta-
tion destroyed. There are many examples of reservoir
formation where forests and even villages were
inundated and left to deteriorate. The decomposi-
tion of submerged vegetation and organic soils may
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produce huge amounts of greenhouse gases such as
methane (CH4) and carbon dioxide (CO2) – especially
when reservoirs are created in tropical rainforests and
boreal peat lands. It is not known how many reser-
voirs are net C emitters, but some of the �1–3 billion
metric tons of carbon that is sequestered in reservoirs
is also converted into CH4 and CO2. It has been
estimated that water reservoirs release 20% and
4%, respectively, of the world’s annual anthropo-
genic emissions of CH4 and CO2. Other reservoir
constructions are preceded by clearings of the areas
to become inundated – to avoid timber and other
vegetation floating around in the reservoir.
As a reservoir fills with water, the inundation and

erosion of previously unflooded land and vegetation
release nutrients and vegetative debris into the water.
The increase in nutrient levels together with the
increased light penetration in the reservoir cause the
phytoplankton to multiply rapidly. As the phyto-
plankton respond to the new conditions, zooplankton
and macroinvertebrates react in much the same way,
resulting in an overall short-term increase in the pro-
ductivity of the reservoir ecosystem. But once the
nutrients from the flooded soils are depleted, the
plankton population might either decrease or
increase, depending on the inflow of nutrients to the
reservoir.
Along with the erosion on new reservoir shorelines

there is recolonization of plant species that are more
adapted to the new conditions. Weed species exploit
this situation in large reservoirs. The development
of new plant communities very much depends
on the stabilization of the substrate. At sites exposed

to wave and ice action, new shorelines can be
completely deprived of their fine sediments, leaving
barren ground (a ‘bathtub ring’) that does not offer
suitable habitat for plants (Figure 5). Therefore, new
reservoirs may exhibit a gradual increase in the cover
of shoreline plants during the first years, succeeded by
a gradual decrease as substrates become depleted.

In contrast, reservoirs in regionswithwarm climates
and with small fluctuations in water level can develop
luxuriant vegetation. For example, eutrophicated
reservoirs in the tropics may be invaded by dense
mats of floating aquatic plants, such as the water
hyacinth (Eichhornia crassipes), giant Salvinia (Salvi-
niamolesta) andNile cabbage (Pistia stratiotes). These
mats block light from reaching submerged vascular
plants and phytoplankton, and often produce large
quantities of organic detritus that can lead to anoxia
and emission of gases, such as CH4 and hydrogen
sulfide (H2S). The material derived from these plants
is usually of low nutritional quality and is not typically
an important component of the food for zooplankton
or fish. Accumulations of aquatic macrophytes can
restrict access for fishing or recreational uses of reser-
voirs and can block irrigation and navigation channels
and intakes of hydroelectric power plants.

Most aquatic animals are confined to the surface
layers of reservoirs because of the general decrease in
oxygen with depth. The relative productivity of a
reservoir is therefore proportional to its area rather
than to its volume. As for plants, the abundance of
animals depends on the range of water level fluctua-
tions; reservoirs with large fluctuations having a
much poorer fauna. For example, many benthic
invertebrates have little motility and die as a result

Figure 5 Extensive shoreline erosion in the Gardiken Reservoir

as a result of impoundment of former terrestrial ground in the
upper Ume River in northern Sweden. The disturbance of such

areas makes establishment of plant and animal communities

almost impossible. The woody debris is uprooted stumps from
inundated forest land. Note that lower parts of the reservoir are

ice-covered. Photo: Christer Nilsson.

1. Preimpoundment stage: relative stability

2. Community breakdown and recolonization
3. ‘Damming effect’

4. Relative stabilization

Damming
Eutrophication

A
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C Oligotrophication
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Figure 4 Hypothesized ecological successions in reservoirs.

A–C denote alternative scenarios where A represents a
eutrophication and B–C an oligotrophication of the reservoir

compared with preimpoundment nutrient levels.
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of rapid water-level drawdown. This has direct nega-
tive consequences for benthic-feeding fish. In reser-
voirs without large aquatic plants along the margins,
the basic productivity will rely on plankton, and fish
communities will be dominated by planktivorous spe-
cies. The value of such reservoirs for waterfowl will
be seriously curtailed because food resources will be
poor and nesting places few.
Just as disturbance makes a landscape susceptible

to invasion by alien plant species, the construction of
water reservoirs around the globe is also considered
to contribute to the accelerating spread of exotic
aquatic species. One reason is that reservoir habitats
are more homogeneous than those of streams, more
disturbed and often more connected to other water
bodies. Another is that reservoirs typically contain
unstable, recently assembled communities of stocked
fish. There are several reasons for introducing fish
in reservoirs, such as utilizing ecological niches to
which none of the existing species are adapted,
increasing fishing success, providing more food fish
and controlling aquatic weeds. Linked systems of
reservoirs have faced increased invasion of exotic
species such as the cladoceran Daphnia lumholtzi
and the zebra mussel (Dreissena polymorpha). Reser-
voirs have also been linked to parasitic disease. For
example, reservoirs have facilitated the spread of the
Schistosoma parasite (including five species of flat-
worms) by greatly expanding its habitat, thus causing

an increased incidence of deadly schistosomiasis or
bilharzia throughout the tropics, where it affects
about 200million people.

When reservoirs serve as sources for the spread of
exotic or generally invasive species into surround-
ing landscapes they are having landscape ecological
effects, i.e., effects beyond the reservoirs themselves.
Reservoirs also have other such effects. One example is
their ecological fragmentation of rivers, e.g., by stop-
ping the downstream drift of plant propagules and by
providing obstacles to animal migration, thus fostering
discontinuities in the riverine flora and fauna. For
example, while free-flowing rivers in northern Sweden
show continuous downstream changes in species com-
position of their riparian plant communities, chains of
reservoirs and run-of-river impoundments demon-
strate series of distinct assemblages with shifts from
one to another at each dam (Figure 6). Otherwise, the
most well-known ecological fragmentation effect
dams and reservoirs have on rivers is the hindering of
fish runs. Fish ladders, bypass channels, and detouring
of fish by trucks are examples of measures to get the
fish past the dam. If the fish are anadromous, it is
required that there is spawning ground upstream of
the dam and reservoir for the bypass to have an effect.
Yet another landscape ecological impact of reservoirs
is their retention of silicon that modifies the silicon:
nitrogen:phosphorus ratio and causes dramatic shift in
phytoplankton communities in the sea.

Free-flowing river
Dispersal vectors

Dispersal vectors

Animals

Plants

Animals

Plants

Riverbed profile
Rapids

Dam

1 2 3 4

Impounded river

10 km 40 m

10 km 40 m

Communities

Riverbed profile

Communities

Figure 6 Hypothesized relationships between vectors for animal and plant dispersal and migration, riverbed profile, and riverine

communities in free-flowing vs. impounded rivers. The organisms in the free-flowing river are hypothesized to describe a gradual
change downstream, whereas in the regulated river, each impoundment or reservoir is expected to develop individual organism

communities (denoted 1–4). Note that animals in general have better capacities than plants do to move upstream rapids and

downstream through dams. Scales are approximate. From Jansson et al. (2000a) Effects of river regulations on river-margin vegetation:

a comparison of eight boreal rivers. Ecological Applications 10: 203–224, with permission from Ecological Society of America.
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A reservoir does not only affect its surroundings but
is also a product of its catchment. Practically all kinds
of activities in the catchment can be transferred to the
reservoir, in most cases through materials (such as
sediments and various ‘pollutants’) carried by moving
water or through a change in the hydrograph of the
water draining the catchment. For example, a catch-
ment that is cleared from forest or that has impervious
surfaces or trenches shows more dramatic responses
to rainstorms, the overflowingwater is erosive and the
catchment thus increases its footprint in the reservoir.
For obvious reasons, there are cases when this collect-
ing effect can be the primary motive for reservoir
creation, and as mentioned above it is also a major
obstacle when dams are planned for removal.

Reservoirs and Global Warming

Reservoirs play several roles in the ongoing global
warming. One suggested role is advancing the in-
crease of carbon emissions to the atmosphere, caused
by the generation of greenhouse gases resulting from
decomposition of impounded organic matter. How-
ever, given that some reservoirs are net C emitters and
others not, the jury is still out on the total figure.
Another role is masking the ongoing rise of ocean
water levels following melting of inland ice, ground-
water extraction, and the thermal expansion of the
oceans. This happens because of the constant addi-
tion of new reservoirs that increases the proportion of
inland vs. ocean waters. In 1997, 13.6mm of sea level
equivalent was estimated to be impounded in reser-
voirs. Simultaneously, however, the trapping of sedi-
ments in reservoirs makes coastal deltas shrink, thus
threatening some 300million people who inhabit
these deltas.
The accelerating global warming will also change

global water cycling and water use by humans. By
2050, some large rivers are predicted to have doubled
their discharge whereas others will face a halving of
their flow. Impounded rivers are considered less able
to handle these changes than the free-flowing ones
because they have not been designed for discharges
far beyond their present range of variability. For
example, impounded rivers experiencing increased
flow will run the risk of megafloods and dam failures.
Our history includes many examples of spectacular
dam-bursts, the worst probably being the catastrophe
in the Henan province in China in 1975 when as
many as 230 000 people may have died. In contrast,
reservoirs facing increased temperatures and reduced
discharge will lose even more water by evaporation
and face worsened water stress. The ecological and
societal costs of such changes may be momentous,
calling for radical measures that restore the natural

capacity of rivers to buffer climate-change impacts.
This demand represents a major challenge for the
scientific understanding of the factors involved in
regulating the global water system and the ways in
which humans are transforming it.

See also: Abundance and Size Distribution of Lakes,
Ponds and Impoundments; Fluvial Transport of Sus-
pended Solids; Hydrological Cycle and Water Budgets;
Mixing Dynamics in Lakes Across Climatic Zones.
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