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Introduction

The aim of this report is to provide an overviewlté climate change impacts on water
quality and freshwater biodiversity as a backgrotepmbrt for the EEA European

Environment State and Outlook Report 2010. Thikbeaund report is based on the
EEA/JRC/WHOImpacts of Europe’s changing climat2008 indicator-based assessment (EEA,
2008) and updated with information in recent pudilans and with the 2010 update of the
EEA climate change indicators: CLIM 19 Water tengpere, CLIM 20 Lake and river ice

and CLIM 21Freshwater biodiversity and water qyalit

Climate change can result in significant changablénvariables and processes that affect
water quality and freshwater biodiversity. Thesgude:

» physical changes such as increased water temperadduced river and lake ice
cover, more stable vertical stratification and lessing of water of deep-water
lakes,and changes in water discharge, affectingmeyel and retention time;

» chemical changes, such as increased nutrient csatiens and water colour (DOC),
and decreased oxygen content

« biological changes, including northwards migratidrspecies and alteration of
habitats, affecting the structure and functionihfreshwater ecosystems.

Changes in these variables lead to impacts oh@kdcio-economic and environmental
goods and services that depend on these systeatsiyior indirectly.

European freshwaters are already being affectaddry human activities, resulting in
changes in land-use, pollution with nutrients aaddndous substances, and acid deposition.
Because of difficulties in disentangling the efeof climatic factors from other pressures,
there is limited empirical evidence to demonstratequivocally the impact of climate change
on water quality and freshwater ecology. On theottand, there are many indications that
freshwaters that are already under stress from hwauoivities are highly susceptible to
climate change impacts and that climate changesigayficantly hinder attempts to restore
some water bodies to good ecological status.

Currently many national and European researchiiet\are producing relevant and valuable
results on climate change impacts on Europe'swratgn; see for example Euro-limpacs
(Kernan et al., 2010 arfdtp://www.eurolimpacs.ucl.ac.uk/index.ghgr the IPCC report on
climate change and water summarising the diffenexter sections in thieourth assessment
report of the IPCC (IPCC, 2007\ new FP7-project (REFRESHttp://www.refresh.ucl.ac.uk/
has recently started with the main objective toelilgy adaptive strategies to mitigate the
impacts of climate change on European freshwatesystems, including relevant restoration
measures.

The content of this background report is structun¢al six main chapters:

Direct and indirect impacts on water quality (plogsiand chemical changes)
Impacts on biodiversity

Impacts on ecological status of lakes and rivers

Impacts on water use including human health

Possible adaptation measures

Conclusions and key messages

ouhwnE



1. Direct and indirect impacts on water quality
(physical and chemical changes)

Climate change will affect water quality both thgbuncreased temperature and through
hydrological changes in rainfall affecting run-afid mobilisation of nutrients and other
pollutants. The increased water temperature widlcafice cover and circulation patterns in
lakes and rivers, as well as the rate of biogeoaterand ecological processes that determine
water quality. In areas where river flow and growater recharge will decrease, water quality
may also decrease due to less dilution of pollstadiigher intensity and frequency of floods
and more frequent extreme precipitation eventeapected to increase the load of pollutants
(organic matter, nutrients, and hazardous substameeshed from soils and overflows of
sewage systems to water bodies. This may result in:

* Increased water colour due to increased input of humic substances asldess
organic carbon (DOC) from the catchment.

* Reduced oxygen content. Increased biological respiration rates resulbimdr
dissolved oxygen concentrations, particularly imser low-flow periods and in the
bottom layers of lakes. Higher temperature and fawxggen concentrations will
cause stress and may reduce the habitats of cdkt-g@ecies such as salmonid fish in
lakes and rivers.

e Increased nutrients. Increased mineralisation and releases of nitrogleosphorus and
carbon from soil organic matter and increased fffilarad erosion will result in
increased nutrient loads. Also release of phosghivaum bottom sediments in
stratified lakes is expected to increase, due ¢tirdeg oxygen concentrations in the
bottom waters.

* Increasein pathogenic microbes. Sewage overflows upon heavy rains combined with
higher water temperatures and longer ice-free seasy increase the number of
pathogenic microbes in water.

Many of the diverse aspects of climate change {emgperature increase, variations in rainfall
and runoff) affect the distribution and mobility lsdzardous substances in freshwater systems.
Loading of hazardous substances may increase dieavage overflow, as well as higher
pesticide use and run-off due to heavy rains, whidger temperatures increase the
degradation rate of some pesticides and organlatpats, which may reduce their
concentrations in rivers and lakes. Thus the rfetebf climate change on hazardous
substances is uncertain. However, higher air andntemperatures may change the

migration and biological uptake of atmosphericatBnsported toxic organic pollutants
including those already banned (Grimalt et al.,1300

This chapter is structured into 8 sections focusinglimate change impacts on:
e water temperature and lake circulation
* ice cover
* underwater light conditions
* DOC concentration
* oxygen
* nutrient concentrations



* hazardous substances
* pathogenic microbes in water.

1.1. Impacts on water temperature and lake circulat  ion

Mechanisms

Since water temperature is mainly determined by é&eeghange with the atmosphere, higher
air temperatures lead to higher water temperatéi@stivers, there are strong correlations
between water and air temperature (Webb and NpBi87; Moatar et al., 2006; Versteeg et
al., 2005; Webb et al., 2003; Langan et al., 2001).

Increased lake temperature in deep lakes is comh&dth higher thermal stability and a
deeper thermocline (DeStasio et al., 1996; Hastsah, 4 998). Increased thermal stability
and stratification has been found in Lake Magg{@mbrosetti and Barbanti, 1999) and Lake
Zurich (Livingstone, 2003) in relation to increasedtemperatures. Shallow lakes, due to
their smaller volume and limited stratificationdammer, are known to respond more directly
to prevailing weather conditions (Gerten & Adri2001). However, increased thermal
stability may become more common also here. Wilhexhah Adrian (2008) studied the
shallow polymictic lake Miiggelsee in the period 200 2006. They found that during
summer, periods with stratified conditions exceetthede with mixed conditions, and
particularly long stratification events developedidg the exceptional heatwaves occurring
in Europe in 2003 and 2006. Hypolimnetic tempeegwere higher than what is common
for dimictic lakes, because stratification builgswhen lake temperatures are already high.

Water temperature may also be affected by othéorfsithan air temperature. Especially in
larger rivers, flow regulation, cooling water frggower plants, ground water flow and
extreme hydrological events (Moatar et al., 2006;dt al., 2005; Versteeg et al., 2005) may
be important. For smaller rivers, removing treeezalong the stream can lead to dramatic
increases in water temperature (Gomi et al., 2dB&ier ice-off gives more rapid warming
of lake water in spring/summer (Moore et al., 2008yher wind speed could reduce
stratification stability (George et al., 2007), lapid warming of lake surface water in spring
can prevent spring circulation and cause highetqgignkton biomass (Straile et al., 2003).

Deep water warming in coloured lakes is less resperto changes in air temperature than in
clear-water lakes (Snucins and Gunn, 2000). InrGiager Lake, Ontario, a drop in bottom
temperatures of 7 °C and a thermocline increadenoin the period 1973-2001 was related
to a marked increase in DOC concentration (and tkuscal light attenuation) (Tanentzap et
al., 2008). The increased thermocline was alsde®lep decreased wind speed, due to
afforestation.

Past trends

Long time-series, covering the past 100 years, shatthe surface water temperatures of
some of the major rivers and lakes in Europe hageeased by 1-3 °C over the last century
(Fig. 1.1; EEA, 2008). The temperature of the rirbine increased by 3 °C between 1910
and 2006. Two-thirds of this is estimated to be wuie increased use of cooling water in
Germany and onthird to the increase in temperature as a resulimfate change (MNP,
2006). In the river Danube the annual average temtyoe increased by around 1 °C during
the last century. A similar temperature increass f@and in some large lakes: Lake Vortsjarv



in Estonia had a 0.7 °C increase between 1947 @d@ @nd the summer (August) water
temperature of Lake Saimaa, Finland increased tharel °C over the last century.

A number of shorter time-series of water tempertavering the past 30-50 years indicate a
general trend of increasing water temperature mojean freshwater systems of 0.05 to 0.8
°C per decade.

The temperature of Lake Windermere (England) anehhd=eeagh (Ireland) increased by
0.7-1.4 °C between 1960 and 2000 (George and HRE@Y). The water temperature of
Lake Veluwe (the Netherlands) has increased by ttihamre 1 °C since 1960 (MNP, 2006).
Mooij et al. (2008) modelled the water temperaiarthree shallow lakes in the Netherlands,
and found an increase of almost 2 °C over the ger8%1-2006. Marked increases in water
temperature were found in eight Lithuanian lakesiiBravéiate, 2004) and six Polish lakes
(Dabrowski et al., 2004). Since 1950, water temjpees in rivers and lake surface waters in
Switzerland have in some cases increased by mane2liC (BUWAL, 2004; Hari et al.,
2006). In the large lakes in the Alps the watergerature has generally increased by 0.1-0.3
°C per decade: Lake Maggiore and other large fidies (Ambrosetti and Barbanti, 1999),
Lake Zurich (Livingstone, 2003), Lake Constance bakle Geneva (Anneville et al., 2005).

Also in Lake Baikal, there was a significant in@ean water temperature at the surface and at
25 m in the period 1945-2005 (Hampton et al., 2088)face waters warmed on average

0.20 °C decadk at 25 m on average 0.12 °C decadehe seasonal analysis showed that
surface water warming in summer seems to have etlwarming of deeper waters in the

fall. Lake Baikal is important in a climate chargmntext, because as the world’s largest lake
by volume, it is expected to be among the mosstasi to warming.

Dokulil et al. (2006) studied the trend in hypoliimm (bottom water) temperature in 12 deep
European lakes and found generally a temperatarease of 0.1-0.2 °C per decade.

Projections

As water temperature is closely linked to changaiitemperature, the predicted increase in
air temperature due to climate change will be oélé in increased surface water temperature.
This is in addition to temperature changes caugeather factors, such as changes in cooling
water releases. Projected increases in surface weatperatures are often 50 to 70 % of the
projected increases in air temperature. In linéwhe projected increases in air temperature,
lake surface water temperatures may be aroundHigi@@r by 2070, but with a clear seasonal
dependency and depending on lake properties (Malsngieal., 2006; George et al., 2007).

Physical modelling studies of medium-sized lakethentemperate zone predict that
temperatures will increase more in the upper regadrthe water column than in the lower
regions, resulting in generally steeper verticalgerature gradients and enhanced thermal
stability (Hondzo and Stefan, 1993; Stefan etl&#l98; Peeters et al., 2002). This may have
significant effects on mixing of water in lakes, ialinin turn affects deep water oxygen
conditions, nutrient cycling and phytoplankton basa (Straile et al., 2003).

Conclusion

Surface water temperatures have been observedraage and will continue to increase.
During the last century the water temperature afesof the major European rivers and lakes
increased by 1-3C, mainly as a result of air temperature increbgealso locally due to
increased inputs of heated cooling water from pqolents. In line with the projected



increases in air temperature, lake surface watepéeatures may be arounC2higher by
2070 than today. Increased temperature gives isedethermal stability and less mixing of
the water column. Further increases in DOC conagatrs may partly counteract the deep
water warming by reducing the light penetration.
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Source:  River Rhine: Rijkswaterstaat; River Danube:
Hohensinner; Lake Saimaa: Korhonen (pers. com.),
and Lake Vértsjarv: Estonian Meteorological and
Hydrological Institute.

Figure 1.1 - Trend in annual water temperature inr  iver Rhine (1909-2006), Danube
(1901-1998), Lake Vortsjarv, Estonia (1947-2006) an d average water temperature in
August in Lake Saimaa, Finland (1924-2000) (EEA, 20 08).



1.2. Ice cover

Mechanisms

The appearance of ice on lakes and rivers reqpm@enged periods with air temperatures
below 0 °C. Franssen and Scherrer (2008) found goa@gspondence between the sum of
negative degree days (NDD) and the probabilityakélfreezing. The sum of NDD needed for
a 50% probability of freezing was positively rethte lake depth, meaning that more cold is
needed the deeper the lake is. This is becausedides have a higher volume where heat is
stored compared to the surface area where hemgtigHranssen and Scherrer, 2008).

Higher temperatures will affect the duration of axer, the freezing and thawing dates and
the thickness of the ice cover. Air temperaturiéskey variable determining the timing of
ice break-up (Palecki and Barry, 1986; Livingstah@97). Wind has a strong impact on
timing of both ice formation and break-up (Mooreakt 2009). For rivers, also discharge
affects the ice cover, giving retarded freeze-up @rcelerated break-up with increasing flow
and vice versa (Beltaos and Prowse, 2009).

Climatic conditions not only influence the timingdaduration of the ice cover, but also the
thickness of the ice cover and the nature of brgakFhis is especially important in rivers. In
years with low snowpack and/or protracted sprindf,ntee ice-break will mainly be thermal,
characterised by extensive ablation and weakerfitigeace cover prior to an increase in
flow, if any. With a thick snowpack and rapid mddteak-up will be mainly mechanical,
characterised by a rapidly rising flow driven imtohick and mechanically strong ice cover.
This process increases the chance of ice jammiddlanding (Beltaos and Prowse, 2009).

Past trends

An analysis of long (more than 150 year) ice resdrdm lakes and rivers throughout the
northern hemisphere by Magnuson et al. (2000) atdatthat ice cover has been occurring on
average 5.8 days later per 100 years, while icalkoug has been occurring on average 6.5
days earlier, implying an overall decrease in thiation of ice cover at a mean rate of 12
days per 100 years (Fig. 1.2). These results daptar to change with latitude, or between
North America and Eurasia, or between rivers akdda

A few longer time-series reveal reduced ice cogendrming trend) beginning as early as the
16th century, with increasing rates of change afbeut 1850. The early and long-term
decreasing trend in the ice break-up dates isabtrof the end of the Little Ice Age, which
lasted from about 1400 to 1900 (Kerr, 1999).

Beltaos and Prowse (2009) reviewed various stuafieser ice in the northern
hemisphere/Arctic, showing an overall trend towagddier spring break-up. However, there
was considerable spatial variability in freeze-apedrends. In most cases, the ice season
decreased, but there were several exceptions. Fdmges were often most pronounced in the
last few decades of the 20th century. As an ovagroximation, the authors suggest that the
autumn and spring warming occurring in the 20thtwgrwarming has produced a 10-15

days delay in freeze-up and advance in break-tipeise areas.

Studying ice cover information from 11 Swiss lakesr the last century, Franssen and

Scherrer (2008) found that the freezing frequerfdglaes that freeze rarely was significantly
reduced in the past 40 years, and especially dtinegast two decades. In Lake Baikal, the
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ice-free season has lengthened and the ice thiskleeseased in the last century (Hampton et
al., 2008; Shimaraev et al., 2002). However, Kakethand Naumenko (2008) found only
minor changes in ice cover for Lake Ladoga, norédstwRussia in the period 1943 to 2006.
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Note: Data smoothed with a 7-year moving average. See Box 5.1 'Atmospheric circulation patterns in Europe’.

Source:  Benson and Magnuson 2000 (Updated to 2006 by J. Korhonen, Finnish Environment Institute {SYKE) and D. Livingstone,
Water Resources Department, Swiss Federal Institute of Environmental Science and Technology (FAWAG)).

Figure 1.2 - Ice break-up dates from selected Europ  ean lakes and rivers (1835-2006)
and the North Atlantic Oscillation (NAO) index for winter 1864—-2006 (EEA, 2008)

The sensitivity of ice cover to increased tempegatnay vary with the initial climatic
conditions. A study of 196 Swedish lakes alongtiguidinal temperature gradient revealed
that a 1 °C air temperature increase caused an 89 tlays earlier ice break-up in Sweden's
warmest southern regions with annual mean air tesyes around 7 °C. It caused only
about 5 days earlier break-up in Sweden's coldashern regions where annual mean air
temperatures are around — 2 °C (Weyhenmeyer €04; Weyhenmeyer, 2007). The same
effect is observed in Finland, where ice break-appens significantly earlier now than in the
late 19th century, except in the very north (Korkion2006).

Karetnikov and Naumenko (2008) studied long-ter84@2006) ice cover data from Lake
Ladoga, north-west Russia, the largest dimictie lskEurope. In this case the trend analysis
revealed only minor changes in ice cover. In Laké8l, the ice-free season has lengthened
and the ice thickness decreased in the last ce(tlamypton et al., 2008; Shimaraev et al.,
2002).

There are very few studies on historical trendsvier ice-cover thickness, but there are
reports on decreasing trends (Beltaos and Prow6®)2Even less reported is the trend in
river ice jams, and the results point in differdmections, underscoring the complexity of ice-
jam processes (Beltaos and Prowse, 2009). Howtheze is some evidence of a reduction in
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ice-jam floods in Europe due to reduced freshwisémzing during the last century (Svensson
et al., 2006).

Projections

Future increases in air temperature associatedohittate change are likely to result in
generally shorter periods of ice cover on lakesrarats. The most rapid decrease in the
duration of ice cover will occur in the temperaggion where the ice season is already short
or only occurs in cold winters (Weyhenmeyer et2004). As a result, some of the lakes that
now freeze in winter and that mix from top to battduring two mixing periods each year
(dimictic lakes) will potentially change into monatic (mixing only once) lakes with no ice-
cover during winter and a long stagnation periadrfiearly spring till late autumn. This has
consequences for deep-water oxygenation, nutrghing and algal productivity, and may
change the ecological status of previously ice-tedéakes in temperate regions.

By the end of the century, the ice cover is predidcb shorten dramatically in lake Baikal
(Shimaraev et al., 2002; Todd and Mackay, 2003mé&tke change may also change the ice
quality, but it is difficult to predict the effecta shift towards more rain rather than snow in
the spring may give more cloudy ice if the rainda@n snow, but a great deal of rain produces
clear ice (Moore et al., 2009).

Borsch et al. (2001) calculated the expected chaimgeates of freeze-up and break-up of
river ice for regions in Russia based on simpleatation with air temperature. Although
rough, the calculation shows that the largest ceangll occur in the most westerly parts of
Russia.

Warmer autumns and higher flows would give thedatgotential for river freeze-up
jamming. The likelihood of break-up jamming depebdgh on the nature of the established
ice cover and the climatic conditions during bregk-A very important factor is the
snowpack in the catchment, as more intense snovwnceftases the probability of a
mechanical breakup (Beltaos and Prowse, 2009). rAlcupto the IPCC (Meehl et al., 2007)
winter precipitation in high-latitude regions wiiticrease, but the corresponding effect on
snowpack will depend on the present and future &atpre, determining whether the
additional precipitation will fall mainly as rairmr snow. At present, more research is needed
to be able to predict the trends in spring ice janitk a changing climate (Beltaos and
Prowse, 2009).

Mid-winter melts are likely to become more frequena warmer climate. Intensified mid-
winter thaws would enhance the severity of mid-efiriireakups, but may also reduce the
potential for spring jamming. More importantly, g that currently have a permanent ice
cover will be susceptible to mid-winter ice-breakuwhich may have severe consequences
(Beltaos and Prowse, 2009).

Conclusion

A shortening of the ice cover season has beenwdx$esind continued shortening is expected.
The duration of ice cover in the northern hemisphes shortened at a mean rate of 12 days
per century, resulting from an average 5.8 days lae cover and 6.5 days earlier ice break-
up. The ice cover of lakes in the temperate regibare the ice season is already short or ice
cover only occurs in cold winters is much more etlé by temperature change than lakes in
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colder regions, such as Northern Scandinavia. atgest changes are therefore expected in
the medium cold regions. A warmer climate will atgee thinner ice and more mid-winter
break-ups.

1.3. DOC concentration

Mechanisms

Climatic factors may affect both concentrations Haxles of dissolved organic carbon

(DOC). Climatic factors can affect production of D@n the terrestrial systems and thereby
changing DOC concentrations without changes inffuktmwever, increased runoff may also
affect DOC concentrations through changing the e=of dilution and by altering water flow
paths through the soil (Inamdar et al., 2006; Spuét al., 2003; Worrall et al., 2002; Roulet
and Moore 2006; Fig. 1.3). Changes in DOC fluxesresult from changes in runoff without
changes in DOC concentration. Simultaneous incseasdecreases in concentration may add
on to or cancel out the flux changes, respectively.

DOC production is stimulated by increased tempeeatiireeman et al., 2001a; Michalzik
and Matzner, 1999). Increased soil moisture is sttsmvn to have a positive effect on DOC
production (Christ and David, 1996). Drought antdl fsost may also stimulate DOC
production through increased fine root and micrbimartality, increased fragmentation of
soil organic matter and fresh litter and increasggregate instability, giving direct release of
DOC or increased microbial activity (e.g. Fitzhugghal., 2001; Lundquist et al., 1999;
Schimel et al., 2007; Tierney et al., 2001).

. '] -
i

G rasslahds-‘

Decomposition and
microbial activity | ' o

DOC leaching and sorption

Figure 1.3 - Passage of dissolved organic carbon (D  OC) through the landscape. The
decomposition and subsequent leaching of organic li tter in bogs, forests and
wetlands are the principal sources of DOC in the te  rrestrial landscape. Production is
mediated by several physical and biogeochemical fac  tors, such as deposition of
nitrates and sulphates from the atmosphere, moistur e and temperature. The rate of
export of terrestrial DOC is determined by the rate of production combined with the
rate of sorption by mineral soils, and the availabi lity of pathways for water through the
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landscape. Evans et al. (2006) correlate an increas e in hydrological DOC
concentrations in the United Kingdom during 1988-20 03 with the decreased
deposition of sulphates in the form of acid rain in that period (Roulet and Moore,
2006).

In recent years an increasing trend in DOC conagatrs has been observed (see Fig. 1.4)).
However, there has been considerable debate omairedrivers of the observed increases,
including the role of climate in these trends (&gans et al., 2005; Freeman et al., 2001a;
Freeman et al., 2004; Monteith et al., 2007; Traremd Jansson, 2002). Freeman et al.
(2001b) initially suggested that the increases a¢cdut¢ due to the effect of temperature
increase on soil enzyme activity. In reply, Tranaikd Jansson (2002) pointed out that the
substantial increase in DOC concentrations in lales streams in Sweden during the 1970s
and 1980s occurred despite a reduction in annuapdeatures. Freeman et al. (2004)
subsequently suggested that carbon dioxide medstietulation was responsible for the
observed increases. However, Evans et al. (20@edrthat given the magnitude of the
observed increase in GGhis mechanism can only account for 1-6% of tkk¥Dncrease at
UK sites. Their study came to a tentative conclugioat deposition-related and climate-
related factors both appeared to be significane Ficrease in DOC concentration due to
reduction in acid deposition is likely to be rethte the effect of pH and ionic strength on soil
organic matter solubility (de Wit et al., 2007; Bgaet al., 2005). Statistical analysis of large
datasets has later confirmed the strong relatipnsatween the rise in DOC concentrations
and the reduction in acid deposition (de Wit et 2007; Evans et al., 2006; Monteith et al.,
2007). In a study of 522 spatially distributed daéts, Monteith et al. (2007) showed that
changes in atmospheric deposition provided the mdjonally consistent explanation for the
observed increasing trend in lake and river DOCceatrations. However, the discussion is
still ongoing, and several authors point to the onignce also of climatic variables. It is
evident that climatic factors can control concetiires and fluxes of DOC, but the question is
to what extent. It is most likely that the trendsfar have been governed by changes in acid
deposition, but this does not exclude climatic destto be important controls in the future
(e.g. Weyhenmeyer, 2008). Erlandsson et al. (26B8)ved that flow and S@oncentrations
best explained the variability in DOC concentrasionThey concluded that as $O
concentrations are stabilising, hydrology is likedybe the major driver of future variability
and trends in DOC concentrations.

Past trends

In recent decades increased DOC concentration ater wolour have been reported from
many catchments in Europe and North America (Freeehal., 2001a; Skjelkvale et al.,
2001; Lofgren et al., 2003; Hongve et al., 2004amisvet al., 2005, 2006; Worrall et al., 2005;
Vuorenmaa et al., 2006; de Wit et al., 2007; Ertmon et al., 2008; Monteith et al., 2007). In
the period 1988-2003 significant increases in D@Acentrations occurred at all 11 lakes
(average increase 63%) and 11 streams (averagasgei’ 1%) included in the Acid Waters
Monitoring Network in the UK (Evans et al., 200@)daincreased significantly at 77% of 198
sites across the UK, none of which showed sigmticeecreases (Worrall et al., 2005). In a
study of long-term (1990-2004) trends in DOC comnicdions for 522 data sets, covering Six
North European and North American countries, upvedsdes outnumbered downward
slopes. 88% of significant trends were positivewdp slopes were most frequently
significant in the southern Nordic region, the WRd in the north-east USA (Fig.1.4).Long-
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term data sets have also shown increasing trend®@ flux (de Wit et al., 2007; Worrall et
al., 2008).

Projections

Due to the complexity of the biogeochemical proessthere are still large uncertainties in
the modelling of future DOC concentrations and ésixThe most advanced model including
catchment and in-stream processes so far is prpbaINCA-C model (Futter et al., 2007).
The modelling suggests that a warmer and wetteraté could lead to higher DOC
concentrations (Futter et al., 2007). Calculatiop&rlandsson et al. (2008), based on the
statistical relationship between DOC concentratemg flow, indicates that future changes
are far smaller than the short term fluctuationseobed. Hence, the short term fluctuations
(hours to years) are likely to be of most concenrtlie water quality in the boreal zone. The
modelling studies are mainly focusing on catchnaemt stream processes. It should be noted
that changes in lake processes may also affect Edd€entrations, i.e. enhanced lake
stratification due to higher temperature could leadhore photo-degradation of DOC (Epp et
al., 2007).

Figure 1| Trends in dissolved organic carbon
(mgl ™ y™"). Dataare shown for moniloring
sites on acid-sensitive terrain in Europe (upper
panel) and North America (lower panel) for the
period 1990-2004,
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Figure 1.4 - Trends in dissolved organic carbon (mg I"ty™). Data are shown for

monitoring sites on acid-sensitive terrain in Europ e (upper panel) and North America
(lower panel) for the period 1990-2004 (Monteith et  al., 2007).
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Future DOC fluxes are likely to be mainly affectgdthe changes in precipitation levels. In a
study of long-term DOC trends in peat-dominatedloakents, Worrall et al. (2008) showed
that the major control upon DOC flux from the caants is the amount of runoff.

Conclusion

The increased DOC concentrations observed in lakédsivers over the last couple of
decades is probably mainly due to reduced acidsit@o. However, both DOC
concentrations and fluxes are affected by climfaiitors, especially changes in precipitation.
Increased precipitation is likely to give increagdC fluxes, and may also give increased
DOC concentrations. This will reduce light penetratand oxygen levels. Droughts may give
lower lake DOC concentrations due to prolongednteda time and enhanced lake
stratification, giving more photo-degradation of DO

1.4. Nutrient concentrations and loading

Mechanisms

A warmer climate can enhance the pollution loadudfients to lakes and rivers. Changes in
precipitation and resulting discharge patterns algb affect nutrient concentrations.
Decreased summer flow will give less dilution otment inputs and higher nutrient
concentrations (Whitehead et al., 2009). Highesrsity and frequency of floods and more
frequent extreme precipitation events will givereased surface runoff and erosion,
increasing the nutrient load to the surface walkepjpesen et al., 2009). Heavy rainfall may
account for a significant proportion of annual phtosrus transfer from agricultural soils
under arable crops (Fraser, 1999).

Also internal nutrient loading can increase wisirrg temperature. Higher temperature
increases the release of phosphorus from bottoimsets (Feuchtmayr et al., 2009). The
alternation of mixing and long stratification evemhake polymictic lakes especially
vulnerable to this effect. This is because the ngpprevents a build up of high phosphorus
gradients at the sediment-water interface whichgerfurther phosphorus release (Marsden,
1989), and because higher hypolimnetic tempera&tminance mineralisation of organic matter
and phosphorus release from the sediment (WilhaekinAarian, 2008). However, higher
thermal stability due to increased lake temperatudeep lakes will delay mixing of

nutrients (DeStasio et al., 1996). On the othedhhaigher wind speed could enhance the
mixing of nutrients (George et al., 2007).

A shorter ice-cover period can increase resuspergiphosphorus from the sediment owing
to a longer mixing period, as seen in the GreaekgRlicholls, 1998). In contrast, earlier ice
break-up in Lake Erken, Sweden, prolonged the Rdiion period for phytoplankton during
the mixing period, but increased the nutrient alality in summer; probably owing to
enhanced bacterial activity at higher water tenipeea in combination with the extended
mineralisation period (Blenckner et al., 2002).

For nitrate, extreme precipitation and snow med#ires increases the nitrate load to surface
waters as nitrate in deposition bypasses the bidbginks (Battarbee et al., 2008; Futter et
al., 2009). Higher temperatures will increase mahsation of soil organic matter. This is
likely to be the effect which has the highest intfgatnitrate leaching (Battarbee et al., 2008).
Nitrate leaching has also been shown to increasede to soil freezing (Davies et al., 2005;
Monteith et al., 2000) and drought (Adamson et1#198) events, but the quantitative
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importance of these effects are still debated (Borknd Matzner, 2009; Matzner and Borken,
2008).

Past trends and projections

Because of difficulties in disentangling the effeof climatic factors and agricultural
practices on nutrient dynamics, there is only atéchnumber of publications, which, based
on long term observations, unequivocally demorsstita impact of climate change on
nutrient loads or concentrations in water bodiastli@ contrary, there is a vast number of
recent papers which describe modelling resultdimfate impact on nitrogen dynamics. Much
less papers are dedicated to projections of phegplitynamics (Andersen et al., 2006).

Phosphorus loading is generally predicted to irszeahie to climate change potentially
resulting in eutrophication problems in areas wheeeipitation and river flow are projected
to increase (Moore, 2007). The seasonality is chdmngth a larger proportion of the external
annual load coming in winter rather than in spriBgth increased agricultural run-off and
sewage overflow are the sources for this increBse.internal phosphorus load is also
projected to increase with climate change duertmger water column stability in summer,
longer summer stratification periods and decreas¢idm water oxygen concentrations in
stratified lakes (Wilhelm and Adrian, 2008).

Whitehead et al. (2009b) modelled (INCA) solublacatere phosphorus (SRP) and nitrate
concentrations in UK rivers. SRP concentrationsevwepjected to decrease in winter and
spring and increase in summer and autumn in rivensbourne and Lugg. The pattern was
explained by dilution effects, corresponding todiceed changes in flow patterns (Fig. 1.5).
River Tame is more affected by urban and agricaltuunoff, giving a flush effect of
increased winter flows, and a projected increaseRR also in winter. Nitrate concentrations
were predicted to increase slightly in winter aedréase in summer in rivers Tweed and
Tamar. The winter increase may be related to fhgsbf upland soils. In summer increased
temperature, reduced flow and increased resideémeegive enhanced denitrification and
lower nitrate concentrations. However, further detkeam, where the input from agriculture
and point sources is larger, the effect of redwdikdion in summer becomes more important
than that of increased denitrification, giving ieased concentrations also in summer.

—e— 2050 high
44 | —=—2050 med high
2050 med low

24 2050 low

% change

Month

Figure 3 | Monthly (%) changes in phosphorus for the 2050s.

Figure 1.5 - Results for four different delta chang e scenarios for 2050 for SRP
concentration in River Lambourne and River Lugg, UK (Whitehead et al., 2009b).
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Futter et al. (2009) modelled (INCA) the combindéfée of climate change and nitrogen
deposition scenarios on nitrate concentrations3ga@ttish mountain lake. The modelling
projected a decline until 2030, larger under th&imam feasible reduction scenario for
nitrogen deposition. From about 2030 the nitrateceatrations increase again. At this time
the projected deposition levels are stable. Theease may be attributed to the small increase
in temperature, stimulating soil microbial activi§timulated biomass production due to
increased temperature may also contribute to mitestching through increasing the organic
nitrogen pool in the soil. The long-term trend tades that climate change may offset the
expected reductions in nitrogen emissions, buat@tconcentrations are predicted to remain
lower than today, indicating that the main influeran long-term trends is the deposition.

Sjgeng et al. (2009) modelled (MAGIC) future nirédaching to surface water in an upland
heathland catchment in southwestern Norway. Theettinod was based on two scenarios of
greenhouse gas emissions run with two global cemabdels. Estimates of future rates of
nitrogen and carbon processes in the catchmenthased on the downscaled temperature
scenarios and two different storylines, one assgroiranges only in soil processes due to
future warming and nitrogen deposition (SLsoil)d @ne other assuming changes in both
vegetation and soil processes (SLsoil + veg). Coetpto the present, MAGIC simulated
higher future N@ leaching for both storylines with much higher sater SLsoil. The results
suggest that differences between the two storylivesg larger than differences between the
different scenarios within each storyline.

Ducharne (2008) modelled (RIVERSTRAHLER) futurerrarit concentrations in the river
Seine. There was a positive climate change impaeinomonium concentrations if the point
source input was high. The effect was shown to amiyndue to decreased dilution with
decreased flow in summer. At low point source inghis effect was less important, and the
climate change impact negligible.

Marshall and Randhir (2008) modelled (SWAT) the a&tipof temperature change only for

the Connecticut River Watershed in the period 2P800. They estimated an average annual
decrease in the load of organic phosphorus anogeitr. The decrease was related to reduced
annual runoff due to increased evapotranspirababalso increased denitrification. The
decrease in organic nitrogen compared to basel@@0t2000) was 7 and 19 % for low and
high warming, respectively. The corresponding numli@ organic phosphorus were 19 and
46%.

Conclusion

Increased rainfall can give both increased fluxes@ncentrations of nutrients due to
increased runoff and erosion, while summer drougfitgyive less dilution and higher
nutrient concentrations, but also reduced annumbftiand thus reduced nutrient load. The
net effect of climate change on nutrient load amcentrations depends on the hydrological
conditions in the catchment, but is projected twease in catchments with increased rainfall,
also as a consequence of sewage overflow and sedesaurface run-off in agricultural areas.
Increased temperature and lower oxygen levelsaep aeaters of lakes also give increased
phosphorus release from sediments.
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1.5. Water transparency and underwater light condit  ions

Mechanisms

Underwater light conditions are mainly affectedthyee factors: mineral turbidity, DOC
concentration (colour) and phytoplankton densityn@te may change the underwater light
conditions through changes in erosion, affectintpmineral turbidity and background input
of nutrients, and through changes in the carbohrgyprocesses in the catchment affecting
the input of humic substances. Moreover, if thatdtcation pattern of lakes are changed, the
depth of the circulating water column will be atisd and thereby also the mean underwater
light for phytoplankton.

Past trends and projections

The amount of mineral turbidity may increase dugtoeased erosion caused by increased
runoff. In a modelling study by Whitehead et aD@2a), mineral turbidity was predicted to
increase throughout the year, but particularly winereased flow follows a dry period.
Turbidity may also increase due to increased wirnged resuspension of sediments
(Naumenko, 2008), but wind projections are uncergifoore et al., 2009).

The loading of DOC to surface waters may increasewarmer and wetter climate
(Whitehead et al., 2009a), but the projectionX®C concentration are uncertain (cf. DOC
concentration section). Climate change may alse laavopposing effect, as increased water
temperature gives enhanced lake stratificationiacreased photo-oxidation of coloured
dissolved organic matter (Epp et al., 2007).

For lakes and rivers in the colder regions, futueads in ice cover are also important, as the
disappearance of ice cover increases underwatgrdigilability in early spring and late
autumn (Leppéaranta et al., 2003). In Arctic regjgrsjected enhanced permafrost thawing is
also likely to increase nutrient, sediment, and DG&zling to aquatic systems (Wrona et al.,
2006), and thereby decrease underwater light.

A study of trends in Secchi depth in Lake Ladoga w@nducted over the period 1905-2003
(regular measurements from 1955 only). The 7085mreanents collected in the ice-free
period (May-October) were analysed for temporaideeon annual and monthly basis, and
also on spatial basis, related to lake depth. Qvibiaresults showed a significant linear
trend, with a decrease in Secchi depth of 0.00Z&an/(Naumenko 2008; Fig. 1.6).
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Figure 1.6 - Climatic (interannual) trend of Secchi disk transparency in Lake Ladoga
from 1905 to 2003 (Naumenko, 2008).

Conclusion:

Where increased rainfall is predicted, transparenay be reduced due to increased erosion,
as well as due to more nutrients and higher phgidgibn biomass in lakes. Potential
increases in DOC concentrations will also decréasesparency, while reduced ice cover will
dramatically increase light availability during lespring and late autumn.

1.6. Oxygen concentrations

Mechanisms

Dissolved oxygen concentrations decrease as & dagdt of temperature increase, but also
as an effect of increased respiration, eitherdisegt response to increased temperature or
due to increased nutrient levels (Battarbee eR@08). This effect has been confirmed in
mesocosm studies (Moss et al., 2003; Moss et@04)2 The effect will be larger where the
water warms faster, i.e. at shallow lake depth (Nenko, 2008) and with summer low-flow
periods in streams (Cox and Whitehead, 2009).

The effect of increased temperature is enhanceatebkigher thermal stability, delaying
vertical mixing of oxygen (DeStasio et al., 1998)ieh can lead to extreme hypolimnic
oxygen depletion, and increases the risk of ocoge®f deep-water anoxia (Jankowski et al.,
2006). This may be particularly evident in polynachallow lakes. Here oxygen depletion is
usually less severe than in dimictic lakes, buhwitreased temperature stratification events
may occur more frequently, last longer and featugber water temperature, increasing the
severity of oxygen depletion (Wilhelm and Adriaf03).
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Increased wind on the other hand, may increasengi’it present, changes in wind

dynamics cannot be projected, but wind has a stirmpgct on deep-water ventilation, as seen
in lake Baikal (Moore et al., 2009). A reductionind speed or change of direction or

timing could reduce the deep-water ventilation,levimcreased wind from the appropriate
direction would give an enhancement. Finally, thespnce of ice cover has a negative effect
on dissolved oxygen concentrations (Karetnikov idadmenko, 2008; Livingstone, 1993).

Past trends

Pan-European overview to show trends in oxygeneaanations in lakes and rivers are
currently not available, but some case studies.eRQise such case study is from Danish lakes,
where some stratified, sheltered lakes with lognton time have declining oxygen
concentrations (Fig.1.7). The total depth of théew&ayer with acceptable oxygen
concentrations for fish is shrinking (Hansen et2008.
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Figure 1.7 - Example of two Danish lakes with decli  ning oxygen concentrations. The
figures show the depth below which the oxygen conce ntration was lower than 2 mg |
This concentration is the tolerance level for many fish species (Hansen et al., 2008).
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Projections

Future climate projections indicate that longer aadmer growing season gives increased
algal biomass and reduced hypolimnetic oxygen d¢mmdi (Battarbee et al., 2008).
Modelling future dissolved oxygen concentrationshia Seine catchment, Ducharne et al.
(2008) found reduced concentrations in a futunaate, but the impact of climate change
increased with the magnitude of point source inptish high point source input, the effect
of discharge reduction in summer was importantiditon to that of increased temperature,
while at low point source input, only changes imperature were important.

Cox and Whitehead (2009) modelled future dissolwegjen concentrations in the River
Thames. They showed that dissolved oxygen condemtsawill decrease, and the changes
are more significant with higher greenhouse gassgions and in later periods. The authors
conclude that the overall effect on water quabtymlikely to be dramatic, but may well be
important. For instance, the changes were largéreag¢xtremes, and more frequently
approached or passed critical limits for fish suali The authors also highlighted the
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importance of human activities, stating that thpawt of future climate change will depend
not only on climate change itself, but also on ¢esnin water management practices.

Conclusion

Higher temperature is likely to give decreasedatiexl oxygen concentrations in rivers and
lakes, due to increased respiration and decreadelilfy. Prolonged stratification in lakes
will decrease the oxygen concentration in the deaers of lakes. The effects are largely
dependent on nutrient inputs. Future rainfall sbamportant, regulating the nutrient loads.

1.7. Impact on hazardous substances

Mechanisms, past trends and future projections

The research on the effect of climate change onamation of hazardous substances is still
limited (Barth et al., 2009). The effect will alsmsome extent depend on the type of
hazardous substance in question. Most hazardossaswes bind strongly to particles, and
are thus likely to be affected by changes in hyayg! Direct temperature effects, on the other
hand, will largely be limited to compounds whicle aolatile (organic pollutants, mercury)
and/or subject to degradation processes (orgatiictaats).

Climate change may affect future use of pesticittes.not likely that changes in cropping
patterns will affect the use of pesticides to gdaextent (Bloomfield et al., 2006). However,
increased prevalence of existing pests, weeds iaedses and increased pest resistance can
lead to wider and more frequent application of jges, and introduction of new products
(Bloomfield et al., 2006). On the other hand, iea severely affected by drought the decline
in agriculture will reduce the use of pesticidexreased temperature will increase the rate of
dispersal and give wider distribution of pestici@@oomfield et al., 2006).

Climate change will also affect remobilisation oéyiously released hazardous substances
persisting in soil and sediment (Whitehead et2&lQ9). Increased frequency of intense
rainfall events and floods will give increased smb sediment erosion, increasing the
pollutant concentration in aquatic systems (Ba#arét al., 2008; Bloomfield et al., 2006).
More intense rainfall can also give more by-pas#/ find more rapid movement of pesticides
from agricultural soils to surface water. This via# enhanced by warmer, drier summers
giving cracking of the soils (Bloomfield et al.,@g).

Enhanced precipitation and groundwater levels ninag igcreased flow through organic-rich
soil horizons, causing mobilisation of mercury anethyl-mercury. Increased soil moisture
can also give increased anaerobic conditions ahdrexe generation of methyl mercury
(Battarbee et al., 2008).

Loading of hazardous substances may increase dievage overflow and increased
leaching of hazardous substances from urban ssrfaselting from increased rainfall.
Leaching of heavy metals from old mining tailingayrdecrease due to dilution by cleaner
sediment from hillslopes (Coulthard and MacklinQ2p However, low flows in summer may
cause significantly reduced dilution potential @odld generally give increased
concentrations of hazardous substances (Bloondieddl, 2006).

22



In cold regions, soil warming and thawing of therpafrost is likely to augment the release of
stored chemicals to surface waters (Moore et @09

Increased temperature leads to a higher exterdrtitipning of POPs to the air compartment.
Since the air compartment is the compartment hatiednighest degradation potential, an
increase in the fraction partitioning to this compeent will result in lower overall
persistence (Dalla Valle et al., 2007; Bloomfietchk, 2006. Higher temperatures will also
increase volatilisation and degradation of pestigith soil and surface water (Bloomfield et
al., 2006).

In their review of climate change effects on pedés, Bloomfield et al. (2006) conclude that
the overall effect of climate change on pesticate fand transport is difficult to predict. It is
also likely to be very variable. This is due to theertainties in climate predictions, the
complexity of the natural processes and becausieeafonflicting implications of the climate-
sensitive processes. The authors also suggeshttiet long term climate change driven
changes in land use may be more important for@dses in the environment than the direct
climate impacts (Bloomfield et al., 2006).

Conclusion:

There is so far too little knowledge on the effegftslimate change on hazardous substances.
Higher temperature may give increased volatilisatiod degradation of some substances.
Increased frequency of intensive rainfall will gimereased soil and sediment erosion and
higher loading to surface water. Drier conditiori8 give less loading, but may give higher
concentrations due to lack of dilution. The useesdticides is likely to increase, but will be
reduced in areas where agriculture is abandonedtiodiee high drought frequency.

1.8. Pathogenic microbes in water

Pathogens derive both from point sources and diffasirces (Ferguson et al., 2003).
Increased precipitation and higher frequency darnisive rainfall events may lead to
increasing occurrence of sewage overflow from draind treatment plants (Kistemann et al.,
2002; Nie et al., 2009). This can give a highedlo&pathogenic microbes to surface waters.

High intensity rainfall may also give increaseduhpf pathogens from pastures. Loading of
livestock wastes to grasslands generates a pdteutface store of pathogens, which may be
released through for instance precipitation ev@dtwer et al., 2005). Storm events may
contribute to many orders of magnitude increasgmthogen loading in watersheds
(Ashboldt et al., 2002; Atherholt et al., 1998 at&itically significant correlations have been
observed between rainfall and outbreaks of watesddrsease outbreaks in the US (Curriero
et al., 2001). Increased discharge may also leaestesspension of microbes adsorbed in
sediments (Ferguson et al., 2003).

Effects of dry periods on water quality have nattadequately studied (Takahashi et al.,

2001), although lower water availability clearlyuees dilution and may e.g. concentrate
pathogens in surface water (Giovanni, 2004; Bytred.e2006). See also Chapter 4.
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Conclusion:

In regions which will receive more intensive raihfthere may be a higher load of

pathogenic microbes due to sewage overflow andfrimoon agricultural land with animal
manure. Drier conditions may give accumulation athpgens, but also less input from the
catchment. The net effect of droughts is therefooee complicated to predict and depends on
local land use and hydrology, as well as urbanevastter treatment efficiency.

2. Impacts on Freshwater Biodiversity

2.1. Introduction

Species and habitat dynamics in the face of climhtsge are complex and have many
aspects. Increased temperatures ang @@centrations will have an effect on different
processes such as photosynthesis, respirationeanmingbosition and generally speed up these
processes. Climate-induced changes in ice coverdhehermal stratification and nutrient
availability and longer growing seasons affect gggecomposition and food web structures.

Water temperature is one of the parameters thatrdete the overall health of aquatic
ecosystems. Most aquatic organisms (e.g. salmatiyiiave a specific range of temperatures
that they can tolerate, which determines theirigpdistribution along a river or on a regional
scale (Section 2.2). Climate change could leatig¢cektinction of some aquatic species or at
least could modify their distribution in a riverssgm or move their distribution northwards
(Section 2.3). Several indications of climate impatthe functioning and biodiversity of
freshwater ecosystems have already been obsenadas northward movement, phenology
changes and invasive alien species (Section 2.4).

Enhanced harmful algal blooms in lakes resultiognficlimate change (Section 2.5) may
counteract nutrient load reduction measures aradratguire a revision of classification
systems for ecological status assessment. Thesinalwf additional nutrient load reduction
measures in river basin management plans may lakedée obtain good ecological status, as
required by the Water Framework Directive. Pubkalth may be threatened and the use of
lakes for drinking water and recreation may be cedu

2.2. Direct impacts on species distribution pattern S

Mechanisms

The geographic distribution of aquatic organismgagly controlled by temperature. Most
aquatic organisms have (e.g. salmonids) have speaifge of temperatures that they can
tolerate, which determine their spatial distribotadong a river or at a regional scale. Higher
water temperatures therefore will lead to changesistribution more northwards in Europe
and to higher elevations. Interactions with othemhn induced hydromorphological or
physico-chemical alterations to habitats furthée@fthe geographical distribution patterns.

The timing of lake ice break-up is of critical eagical importance for lakes because the
disappearance of the ice cover has a drastic affetite underwater light climate, nutrient
recycling and oxygen conditions, influencing fostiénce the production and biodiversity of
phytoplankton and the occurrence of winter fistskil
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The projected world wide changes in parameters agahater temperature, light, nutrients
availability and water fluctuations have the poi@rib affect species composition in different
regions. These parameters acts as natural physmcidilters and could become less
effective in stopping invasive species (Battarbies.€2008;Rahel and Olden 2008; Fig. 2.1).

Impacts of climate change on aquatic Sy‘StEI‘I‘IS
Altered thermal Increased water
regimes development
Altered streamflow
regimes
Reduced ice Increased
cover salinity

-

N

~—

Interactions with invasive species

Alter pathways Influence establishment Mediate impacts Require initiation
of species of non-native of non-native or alteration of
introductions species species control strategies

Figure2.1 - Characteristics of aquatic systems that will be altered by climatic change
and how these will affect invasive species (Rahela  nd Olden, 2008).

Past trends and future projections

Many species are predicted to shift their rangdsdber latitudes and altitudes in response to

climate warming.

* Hickling et al. (2005) presented evidence for 3&csps of
nonmigratory British dragonflies and damselfliegtsig
northwards at their range margins over the pastedds,
seemingly as a result of climate change. All bug¢h
species shifted northwards at their range margea(mv4
km) between 1960-1970 and 1985-1995 (Fig. 2.2a).

* In Flanders the number of records of South-European
dragonflies has markedly increased during the2astears.
Some species such as Lestes barbarus, which wigre on
occasional visitors in the past, now have permanent
populations (Fig. 2.2b).
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Figure 2.2 - Northward shift and changes in occurre  nce of selected freshwater species

« The American slider turtl€rachemys scripta is a long lived species (at least 30 years)
that has been introduced world-wide as pets.nbis considered a potential threat to
freshwater ecosystems and imporfTo$cripta has been banned in the European Union.
T. scripta has negative effects on the threatened Europeash tpotleEmys orbicularis
through competition for food and basking placeshigh numbers they may also modify
wetlands and communities of macroinvertebratesaamghibians. Most populations ©f
scripta are assumed to live in too cold habitats for asssful reproduction but will
survive those conditions for decades. Ficetold. €2809) modeled projected climatic
changes and found that by 2020 this species vaikgse its suitable breeding habitats
dramatically. An A2 scenario would mean that 87 %eve feral populations are currently
present would be suitable for reproduction in 2(2ilar results for A1, B1 and B2
scenarios).

* Low water levels and a warm summer lead to eutatiun like effects in spite of
decreasing external loads of nutrients. Viscondile2008) studied a lake that had
suffered from rapid eutrophication during the 1960d 1970s and went back to
oligotrophy during the 1980s and 1990s. In 2008 vilarmest year of last century, both
phytoplankton and zooplankton densities increasedlues typical of those of the
eutrophication phase. These values were stron{fgreint from a normal year in the
oligotrophic phase.

» Addrier climate may reduce water flow and henceewdepth in many streams and
increase exposure of benthic invertebrates towidtiet radiation. Clements et al. (2008)
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found through microcosm studies that benthic comtimsnfrom a metal polluted stream
were tolerant of the metal but more sensitive toB¥éxposure than invertebrates from a
reference stream.

Resting stages of eggs may be more prone to widduaimal dispersal in desiccated rock
pools. Altermatt et al. (2008) studied metapopatatlynamics of the three planctonic
Crustaceand)aphnia magna, D. longispina andD. pulex) in small Finnish rock pools
over a period of 24 years (1982-2006). These systeawe high colonization and
extinction rates. Colonization rates were much @igh summers with high temperatures
and little precipitation.

Warming may result in lower densities and diveesitbf aquatic hyphomycetes.
According to Barlocher et al. (2008), the water penature in a first-order stream
increased by 4.3, which is an approximate temperature increasggted within 2050

in Ontario, Canada. Their results show that areiase in temperature, by itself, may
shorten the residence time of substrate availalaquatic hyphomycetes.

Earlier spring warming may alter zooplankton dome®dynamics. Dupuis and Hann
(2009) performed a laboratory experiment and furthedeled a scenario with an earlier
spring warming. Their results show a shift in tbe@lankton community from larger
daphniids to rotifer dominance. Hatching successifresting eggs of the dominant
daphniidD. ambigua decreased by 50 % but the rotifers were not neglgtaffected.
Rotifers use only temperature as a cue for hatolimge D. ambigue use both
temperature and photoperiod.

Hering et al (2009) studied Trichoptera taxa po#digtendangered by climate change in
the European ecoregions. The study projected &bt of the Trichoptera species in
most South European ecoregions and about 10 %gimrhountain range to be potentially
endangered For the Iberic-Macaronesia Regionpitagected that 30.2 % of all species
will be potentially endangered (endemic taxa meggihleast one sensitivity parameter
that may lead to exclusion) (Fig. 2.3).
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Figure 2.3 - Fraction of Trichoptera taxa potential Iy endangered by climate change in
the European ecoregion (Hering et al., 2009).

Several indications of climate impact on freshwatalogy such as northward movement;
phenology changes and invasive alien species éwes dready been observed.
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2.3. Extinction and reduction of cold-water species

Mechanisms

Most aquatic organisms are ectothermic and thexdtmperature affects their physiology
and biogeography (Rahel and Olden, 2008). Thepedgal is also limited within
hydrographic networks (Buisson, Thuiller et al.D&D Projected climate changes with
increased temperatures world wide could lead tbdbla water species may be excluded by
warm water species and in worst case get extimciwB, Hannah et al., 2007).

Past trends and future projections

» Hari et al. (2006) has for brown trout in Alpingets shown, the warming during the last
25 years resulted in an upward shift in thermaltahbhat was accelerated by an increase
in the incidence of temperature-dependent Protifer&idney Disease at the habitat's
lower boundary. Because physical barriers redtimgitudinal migration in mountain
regions, an upward habitat shift in effect impledbitat reduction, suggesting the
likelihood of an overall population decrease.

* Winfield et al. (2008) suggested that climate cleahgs had a direct negative effect on the
Arctic char Glvelinus alpinus) living in Windermere, England, as a result of marg
and eutrophication. Data from 1982-2006 show thafpopulation of Arctic char had
decreased and especially in the most eutrophis péthe lake where oxygen levels in the
hypolimnetic have been very low. At the same tihberé has been a marked increase in
the abundance of warmwater roaBlt{lus rutilus). Arctic char is an important food
source to the top predator Northern pike (Esoxusjcand the pike population in this
lakes system has decreased.

* Buisson et al. (2008) assessed the future distoibwf 30 common stream fishes in
several French rivers and effects of changes ipéeature and precipitation regimes.
Overall fish species diversity was expected toease but probably at the expense of
cold-water adapted species. Cold-water adaptedespkdng in headwaters would
undergo deleterious effects whereas downstreamesp@ould have the possibility of
migrating to new habitats.

e Burgmeer et al. (2007) analysed time series of@sbmmunities of macrozoobenthos in
lakes and streams in Northern Europe. There werdraot linear effects of temperature
and climate indices on species composition andsiiye but using multivariate statistics
they were able to show that trends in average testypre have already had profound
impacts on species composition in lakes. Thesafgignt temperature signals on species
composition were evident even though they analgsedparatively short time periods of
10-15 years. Future climate shifts may thus indiiceng variance in community
composition.

» Daufresne et al (2004) show that fish and invedebcommunities respond to increases
in water temperature in the upper Rhéne river amEe. Fish abundance increased with
water temperature, and thermophilic fish and iretmdte taxa replaced to a certain extent
cold-water taxa. Daufresne et al. (2007) documefaiethe whole Rhone river (1985-
2004) that changes in community structures of macestebrates were related to high
water temperatures and low oxygen content of themwa

» Brown et al. (2007) looked at data from the FreRghenees and found that a lower
contribution of meltwater (from snow and glaciexs}he streams significantly increased
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the diversity of macroinvertebrates. However sowld adapted taxa, like the Diamesa
spp. (Diptera) an&hyacophila angelieri (Trichoptera), decreased in abundance.

* Durance and Ormerod (2009) looked at macroinveatelatata (family level) from 50
southern English streams in relation to water teatpee, discharge and water quality
over 18 years (1989-2007). They found that rivergeratures are increasing year around
but that this was insufficient to affect familiesmacroinvertebrates negatively. More
variation was explained by the improving water gyahrough positive management than
by increased winter temperatures.

2.4. Potential genetic adaptation / phenology chang es

Mechanisms

Changes in growth season such as the ice freedperiperiods above a certain temperature
will change the life cycle events such as earleimng phytoplankton bloom, clear water
phase, first day of flight and time of spawnindish. Prolongation of the growing season can
have major effect on species which as a resuleass the number of cell divisions or
generations per year.

Past trends

» Hassall et al. (2007) found that British Odonataehsignificantly advanced their
phenology chronologically (on average by 1.75 dagrsdecade) and with respect to
temperature (on average by 3.37 days per one d€gisris increase) over a 45-year
period (1960-2004). This shift represents an eiterts the preceding edge of the flight
period (first quartile flight date) as opposed tehét of the flight period as a whole.

* Dingemanse and Kalkman (2008) studied phenologiat from 37 dragonfly species
(Odonata) in the Netherlands 1995 through 2004hEleriod characteristics were
investigated in relation to shifts in temperatureey found that the average Odonata
species advanced its timing of flight by a meaB.8fdays.

* In the Muggelsee, Germany Adrian et al. observe8®8ays earlier occurrence of algae
and Daphnids

* Inthe large Swedish lakes Vanern, Véttern and Malshere have for example been
observed about one month earlier spring phytoptanktoom in the 1990s compared to
the 1970s and 1980s (Weyhenmeyer, 2001). In LakerE:ISweden, the spring peak of
phytoplankton has come about one month earlienduhe last 50 years (Weyhenmeyer,
1999; Noges et al., 2007)

* Increase in the length of growing season:

o George and Hurley (2004) showed on the exampleakéWindermere (UK) that
the slow growing late summer phytoplankton specggh asCeratium and
Microcystis, are particularly responsive to the extension efghowing season as
one additional cell division in late summer can dav major effect on their
maximum biomass.

o0 Among animal species, the number of generationy¢ear may increase with
important implications on the balance in the traptascade. For example the
Baetis rhodani (Ephemeroptera), one of the most common mayflgisgen
streams, has one generation in northern or higherde locations in Europe, a
winter and a summer generation in Central Europe cae winter and two
summer generations in Southern Europe (BauernfaddHumpesch, 2001).
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2.5. Risk of increased cyanobacterial blooms and ot  her harmful algae

Mechanisms

Algal blooms in freshwater are predominantly cyaawibria, some of which produce toxins.
Cyanobacterial harmful algal blooms (CHAB) haverbskown to increase worldwide for
both natural forces and human activities. Climaekiange with increased temperatures will
allow temperature limited genera to expand bothptaarily and spatially in subtropical
regions (Hudnell, Dortch et al., 2008). Altered aratunoffs and wind induced disturbance
may also change population dynamics and potentdigct CHABS. The invasive Asiatic
zebra musseDreissena polymorpha, has been shown to filter feed on only non toxic
phytoplankton thereby increasing CHABS.

Past trends and future projections

» The subtropical filamentous cyanobacteriGghindrospermopsis raciborskii thrives in
waters that have high temperatures, a stable watemn and high nutrient
concentrations: it has recently spread rapidlgmgerate regions and is now commonly
encountered throughout Europe (Dyble et al., 2002¢. spreading to drinking and
recreational water supplies has caused interndtpuidic health concerns due to the
potential production by this cyanobacterium of twxi

« Climate change will generally favour and stabililze dominance of cyanobacteria in
phytoplankton communities, resulting in increade@at of harmful cyanobacteria and
enhanced health risks, particularly in water bodissd for public water supply and
bathing (J6hnk et al. 2008; Mooij et al. 2005; .Fdt).

» The increased occurrenceraixotrophic or motile algal species such@eratium
hirundinella (Anneville et al., 2002) and metalimnetic maxinidh@ cyanobacterium
Planktothrix rubescens (Walsby, 2005) are phenomena related to phosplu@pigtion in
the epilimnion. This depletion is caused both diag reduction measures and
intensified thermal stratification that isolates thpper mixed layer from the more nutrient
rich bottom layers. Due to large body size, thdégaeaare better protected from
zooplankton grazing and may build up high standitogks by the end of the stratification
period.

» Shatwell et al. (2008) found that the timing of fpte/toplankton peak was strongly
dependent on the length of the ice cover whilepek of the cladocerans was dependent
on ice cover length and photoperiod. This leadhtarcoupling in peaks, leaving a
loophole between maxima of spring phytoplankton zomaplankton. Earlier and thus
longer spring periods in years without ice-covenofacold water adapted diatoms until
water temperature increases or they get limitedilbgon. This will leave more phosphate
for filamentous cyanobacteria (Oscillatoriales) ethmay exploit the loophole and
establish dominance. Therefore, warming and easfigngs may promote cold-adapted
diatoms and filamentous cyanobacteria (Fig. 2.5).
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phytoplankton dynamics during
Netherlands) (Johnk et al., 2008).

Figure 2.4 - Model simulation of hydrodynamics and
three contrasting summers in Lake Nieuwe Meer (the
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Fig. 1 Temperature and timing of the spring period in warm
and cold years in Lake Miggelsee: (a) 19587, a cold year; solid
line: water temperature; broken line: mean water temperature in
the spring period; shaded areas: cumulative biovolumes of
phytoplankton — dotted: cyanobacteria; vertical lines: diatoms;
empty: other algae; horizontal lines: ice cover. Arrows from left
to right: beginning of the spring period (when water reaches
3°C); phytoplankton peak; end of the spring period (clear water
phase or cladoceran peak); (b) 1988, a warm year without ice
cover, legend same as for part (a).

Figure 2.5 - Phytoplankton development in Lake Mlgg  elsee, Germany in a) a cold year
(1987) and b) a warm year (1988) (Shatwell et al., 2008).
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2.6.

Conclusions

Southern species will move further north and tdbigaltitudes. Species of colder regions
will move north and to higher altitudes or will digpear when their migration is hampered
(e.g. due to habitat fragmentation).

Of all ecosystems, freshwater ecosystems will hlagenighest proportion of species
threatened with extinction due to climate changélédnium Ecosystem Assessment,
2005b, IPCC 2007).

Climate warming will aggravate eutrophication effewith enhanced phytoplankton
blooms, favouring and stabilising the dominancearinful cyanobacteria in
phytoplankton communities, resulting in increade@ats to the ecological status of lakes
and enhanced health risks, particularly in watetié®used for public water supply and
bathing. This may counteract nutrient load redurctreeasures.

There are European examples of changes in lifeautnts (phenology) such as earlier
spring phytoplankton bloom, appearance of cleaewalase, first day of flight and
spawning of fish. In several European lakes, pHgtdgon and zooplankton blooms are
occurring one month earlier than 30—40 years ago.

Effects of warming may interact with pollutantstime environment causing synergistic
negative effects (Clements et al., 2008).
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3. Impacts on ecological status of lakes and
rivers

3.1. Introduction

The ecological status in lakes and rivers can texid by climate change in a number of
ways. The reference conditions can be affectedptbssures can be affected, and the
thresholds often used to set the WFD target fdeiht groups of freshwater biota can be
affected through different mechanisms. These thra@a effects can also cause time lags for
restoration /recovery after implementation of natign or adaptation measures to reduce the
pressures. These effects are illustrated in Fig.3.1
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Figure 3.1 - Potential impacts of climate change on pressures, thresholds and
reference conditions for a biological indicator tha t increases with pressure (such as
tolerant taxa) (Thaulow and Lyche-Solheim, 2009).

The figure illustrates that climate change may eadegradation of water bodies to happen at
lower pressure levels than before, and may alsaineegiore mitigation measures for the
water bodies to recover. The recovery may alsmbemplete if the reference conditions have
changed.
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While the impact of climate change on other pressis outlined in Chapter 2, this chapter
will focus more closely on the impact of climateaalge on reference conditions and on
thresholds, since this is of major importance fatew managers when making river basin
management plans and programme of measures totreadWFD target in European lakes
and rivers.

3.2. Impacts on reference conditions

Mechanisms

Under climate change, reference conditions (sensDMhay change, as identified by the
Euro-limpacs project (Battarbee et al., 2008). Rafee conditions, as defined by a set of
biological indicators for different quality elemer(phytoplankton, benthic flora, benthic
fauna, fish), may change because of changes ialtio¢ic conditions, such as increased water
colour, increased temperature, changes in flonnregiand changes in the bottom substrate.
Such changes may affect the biogeographic pattasnsgll as the phenology of species. The
abiotic changes may also cause the type of a Wwatdy to change, e.g. from clearwater to
humic (Northern Europe), from non-stratified tcasified, from freshwater to saline, or even
from a permanent to a temporary water body dryimgmthe summer (Southern Europe). In
cases where flow regimes and temperature in smalsrbecome sufficiently altered, the
biological indicators normally found under referermonditions can be endangered.

Past trends and future projections

Long-term trends from reference sites are diffitnilfind, since such dataseries are rare in
Europe. One example is from the Norwegian referdalce Atnsjgen, that has been regularly
monitored for all biological quality elements sink®90. The lake is situated at ca. 700 m
altitude in a pristine catchment close to the maumnarea of Rondane.

The results for phytoplankton (Fig. 3.2) do not sledw any trends in phytoplankton mean or
maximum biomass (based on 5 samples per yeanhisuime-series is a good basis to
analyse such trends in the years to come. If thmass will exceed the high/good boundary
for most years in the future, then this boundausth be revised.

The results for fish (Fig. 3.3) show that the biesaf char has become consistently lower
than that of trout for all years after 2002, wheréas was not the case in the previous years,
except for a couple of single years. This may leged to climate change, since the arctic
char is more vulnerable to high temperatures tharbtown trout.
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Phytoplankton biomass in the Lake Atnsjgen, Norway
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Figure 3.2 - Phytoplankton biomass in Lake Atnsjgen , Norway. Data from Pal Brettum,

NIVA. Mean biomass is based on 5 samples taken mont  hly during the growing season
(May-October) each year. The light blue line isthe  preliminary high/good class
boundary for mean phytoplankton biomass for this la ke type.
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Figure 3.3 - Fish biomass in Lake Atnsjgen, Norway. Data from Trygve Hesthagen,
NINA. Data shows catch per unit effort (CPUE) as nu  mber of fish per 100 m2 gill nets
per night.

Studies from CEMAGREF (Lasalle and Rochard, 2088he these last years, demonstrate
the effect of increased temperature and salinittherfish fauna in the Garonne/Gironde river
in southern France. The water temperature hasasedeby 1 °C over the last 20 years in the
Gironde Estuary. This increase of temperature bagibuted to the disappearance of the fish
“eperlan” in the estuary of the Gironde river aridhe “flet” that have been replaced by
“anchois” due to the decrease of fresh water irB$ieiary. A decrease of the biomass has
also been observed. At the same time, a lot ofsineaspecies (fauna and flora) are appearing
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in the Garonne district having negative impactsh@nlocal species (e.g. eperlan, anchois).
The quality indicator used to set reference coodgiis based on the endemic fishes and
invertebrate species for the Garonne river, bstitidicator may have to be modified in the
years to come.

Future projections suggest that the reference sdhrandicators based on biomass will
increase in most lake and river types for all byadal quality elements, due to warmer water,
longer growing season and increased backgroundsimgunutrients from the catchment.
Concerning species composition it is likely thderence values for indicators based on
sensitive taxa mostly will decrease (as in the @Gagaiver), since these taxa often are cold-
water adapted, whereas the reference values fmaitods based on tolerant taxa mostly will
increase. Reference values based on species tvgnsmber of taxa) may increase or
decrease depending on the type of water body l@sqtion relative to altitude and latitude).
Southern and lowland rivers and lakes may get lowenber of taxa, whereas northern and
highland rivers and lakes may get higher numbeaxd. This is due to the unimodal (bell-
shaped) relationship of species number with tentperamost species are present at
intermediate temperatures (Moss et al., 2009).

Monitoring of reference sites will be essentialitalerstand and appropriately respond to the
potential impact of climate change on referencalitmns of water bodies across Europe.

3.3. Potential impacts on thresholds for the good/m oderate boundary

Mechanisms

A critical concern in the management of freshwatgrsystems is the attempt to prevent water
bodies from crossing kewresholds, where systems may change abruptly and involve a
switch to regimes that are difficult to restore @hdersen et al., 2009). If thresholds are
moving to lower parts of the pressure gradients,itha serious challenge for the programme
of measures. Such moving can be anticipated froetdand indirect effects of higher
temperature and hydrological changes on the bicébgjuality elements. For example, the
tolerance level of cold-water species of fish aadthic fauna to eutrophication/organic load
and acidification pressure may decrease due torlowygen concentration in warmer water.
Likewise, sensitive macrophytes may have lower&olee limits to eutrophication if the
underwater light climate is reduced due to incrdam@eral turbidity or humic substances.
With reduced underwater light, tolerant phytoplamktaxa, such as the shade-adapted
bluegreens, may dominate at lower pressure lelals before. In Southern Europe, reduced
water levels in rivers and lakes will probably dease the tolerance levels to other pressures.

Past trends and future projections

Although thresholds and reference conditions fonssystems and pressures have been well
studied e.g. water bodies suffering from eutropioceor acidification (Lyche-Solheim et al.,
2008), there is much less empirical evidence abhowt climate change may cause thresholds
to be crossed, or may cause thresholds to move3Hiy

One example of a climate induced crossing of thestiold for chlorophyll in deep Alpine
lakes is seen in Lake Constance, where the chlghagineshold or WFD target was exceeded
in a year with insufficient spring circulation dteerapid warming of the surface layer (Straile
et al., 2003; Fig. 3.4). Such situations may becoroee common with climate change and
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will pose special challenges for water managengesadditional nutrient reduction measures
will be needed to counteract this effect.

temperature (°C) chla (ug I')

=

Figure 3.4 - Temperature (left) and chlorophyll (ri  ght) profiles in Lake Constance from
Straile et al., 2003. Y-axis is depth in m. Yellow lines and bars represent years with
normal spring mixing, and light blue lines and bars are years without complete spring
circulation. The orange vertical line is the WFD ta  rget for this lake type.

Although some European freshwaters are now reaoy@&mom pollution, all face pressure
from climate change directly or indirectly. The muslnerable systems are those already
close to critical thresholds, for example thosé toatain endemic taxa that are trapped
geographically, or those most susceptible to agdeer in oxygen concentrations such as
eutrophic lakes with small hypolimnia.

3.4. Projections for major ecological changes in ri vers and lakes

A recent paper by Moss et al., 2009 summarizespacts of climate change on different
types of rivers and lakes. Table 3.1 extracts thsetrassential information from this paper.
The most common effects will be:

e increased algal blooms in lakes,

e increased biomass of benthic algae in rivers,

* loss of cold-water species, such as salmonid areboaid fish, and other sensitive

taxa,
* increased dominance of pollution tolerant taxalibialogical quality elements,
* increased invasions of exotic species.
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Table 3.1 - Major impacts of climate change on ecol  ogical status in different types of
lakes and rivers (modified from Moss et al., 2009).

Climate change impacts on biological

quality elements

Most effects are caused by increased

Reaqion | Lake or river tvpe temperatures, changes in river flow/water
9 yp level/floods/droughts and increased risks of

eutrophication and hydromorphological

alterations.

Reduction of cold-water species: salmonids and
coregonids, increased biomass of benthic algae.

Slowflowing lowland Reduction of cold-water species: salmonids and
rivers coregonids.

Reduction of cold-water species: salmonids and
coregonids, increased biomass of phytoplankton,
reduction of sensitive macrophytes. Invasions by
exotic species.More algal blooms.

Northern Reduction of cold-water species: salmonids and
coregonids, increased biomass of phytoplankton and
more harmful algal blooms, invasions by exotic
species.

. _ Replacement of cool-water species with warmer
Fastflowing upland rivers | water species. Increased biomass of benthic algae
and tolerant taxa. Invasion of exotic species.

Loss of many fish species. Fish kills due to
deoxygentaion. Loss of sensitive benthic fauna
species (deoxygenation). Invasion of exotic species.

Greater, but less diverse plant growth, risk of summer
Shallow lakes fish kills, esp. piscivores. Dominance of cyprinid fish.
Invasion of undesirable exotics.

Fastflowing upland rivers

Shallow lowland lakes

Deep lakes

Slowflowing lowland
rivers

Central Almost complete loss of salmonid and coregonid fish,
Deep lakes total dominance of cyprinid fish, increased biomass of
phytoplankton and more harmful algal blooms,
invasions by exotic species.

Major loss of biodiversity for all quality elements due
Fastflowing upland rivers | to deoxygenation and salinisation, dominance by
pollution tolerant taxa and exotic species.
Slowflowing lowland Fish Kills. Loss of biodiversity for most quality

rivers elements. Severe invasions of exotic species.

Loss of many species, more harmful algal blooms,
major loss of endemic fish and amphibians.

Shallow lakes
Southern

) Loss of littoral zone due to severe water level
Deep lakes/reservoirs drawdown in reservoirs, more intense and frequent
algal blooms.

The effects are caused by:
* increased temperature stress,
* changes in river flow/water level/floods/droughts,
e increased erosion in upland rivers in the norttzerth central European regions
* increased risks of eutrophication and deoxygemdsee Chapter 2),
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* hydromorphological alterations (flood protectiorhanisation, new transport
infrastructure, irrigation and hydropower),
» salinisation primarily in the southern region.

Evolutionary adaptations in cold-water species o@mypensate for some of these effects, but
will most likely be too slow relative to the spegftclimate change to prevent ecological
damage. The selection pressure will also favounmaater species, thereby making the
situation even worse for cold-water species.

The sum of all these effects will be a deterioratd ecological status in most lake and river
types.

4. Impacts on human health and socio-
economic costs :

4.1. Mechanisms

Access to safe water remains an extremely impogdiabtal health issue. The risk of
outbreaks of water-borne diseases increases wtar@asds of water, sanitation and personal
hygiene are low. Extreme precipitation events legdo floods or droughts can have direct
and indirect health effects. Flooding can causglui@al diseases, vector-borne diseases,
respiratory infections, skin and eye infectiongdés also have other effects with health
consequences: damage to infrastructure for heatthand water and sanitation. Droughts or
extended dry spells can impair provision of saféeewkeading to water-related health
problems, for example through reducing the voluofasver flow, which may increase the
concentration of effluent pathogens, posing a gmblor the clearance capacity of treatment
plants. Intestinal infectious diseases that arestratted through water are sensitive to climate
and weather factors. Such diseases are the masesatiinfectious diarrhoea and cause
significant amounts of illness each year in Europe.

Increased surface runoff after extreme precipiteéievents can flush pathogenic bacteria,
other contaminants and nutrients into surface wated thus influence bathing water quality
negatively, and also increase the need for mon®tigh purification of raw water in drinking
water supply systems based on surface waters.

Higher temperatures can result in a longer batk@agon, but can also cause prolonged
blooms of potentially toxic algae.

4.2. Pasttrends and projections

In Europe the risk of infectious disease outbreakasted to a climate change impact on
microbial water quality is relatively small duettee standard of water treatment and
distribution infrastructure. Nevertheless, the diecice of pathogens is increasing.

1 The first paragraphs in Sections 4.1 and 4.2 araeted from Impacts of Europe’s changing climag008
indicator-based assessment, Chapter 5.10.4 (EE)R)20
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Approximately 20 % of the population in Western &pe is affected by episodes of diarrhoea
each year (van Pelt et,a2003). Such infections have a significant ecormompact in terms
of treatment costs and loss of working time (Rabettal, 2003).

Heavy precipitation has been linked to a numbeirmiking-water outbreaks of
Cryptosporidium (a pathogen causing a diarrho&adsk) in Europe, due to spores infiltrating
drinking water reservoirs from springs and laked persisting in the water distribution
system (Lake et al., 2005; Semenza and Nichols/)20@ Germany, bacteriological and
parasitic parameters spiked considerably duringeex runoff events (Kistemann et al.,
2002). New pathogens have also emerged in recams.ylxamples of an increased risk of
infectious disease outbreaks have been found ibtited Kingdom (Reacher et al., 2004),
Finland (Miettinen et al., 2001), Czech Republi¢igket al., 1998) and Sweden (Lindgren,
2006). Key water-borne infections in Europe are itooed..

The European Union publishes every year a repobatining water quality in the different
member states. This report checks e.g. the congdiahwater bodies with the new Bathing
Water Directive of 2006 (EU, 2006). For inland wadepositive trend towards more water
bodies with a good bathing water quality is obsklw#Fig. 4.1). The Atlantic, North Sea,
Baltic Sea and Black Sea regions do best comparsthdatory values, only the inland
bathing areas of the Mediterranean fall below theogean average in complying with
mandatory values (EEA, 2009).
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Source: WISE Bathing Water Quality database based on annual reports by EU Member States.

Figure 4.1 - Inland bathing water quality in Europe (EEA, 2009).

Predictions for future development of human headthted disease vectors are highly
uncertain. On one hand a further improvement dfibgtwater quality can be expected due to
stricter implementation of environmental regulatio®n the other hand the water quality in
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inland surface water bodies strongly depends offutioee land use intensity and precipitation
pattern.

A recent report on Climate change and Bathing w@eijackers and Lurling, 2007)
concludes that climate change in the Netherlantigesiult in favourable environments for a
myriad of new pathogens and vectors, including snuas by new disease vectors to
European surface waters from the (sub)tropics .(#dl). The same is probably largely true
for Europe as a whole, with Central and Southemog®i being most vulnerable to these new
vectors due to higher population densities and ran@aclimate than Northern Europe.

aterborne organisms (compiled
ncreased risk, +++ = increased risk

Table 4.1 - Vector-borne pathogens transmitted by w
from WHO, 1990; Chan et al., 1999): ++ = slightly i
in The Netherlands (Roijackers and Lirling, 2007).

pathogen disease vector presence increased risk

Plasmodium spp. malaria Anopheles spp.  (sub)tropics +++

dengue virus dengue Aedes aegypti (sub)tropics +++

Trematodes schistosomiasis snails (sub)tropics ++
(bilharzia)

West-Nile virus West-Nile virus mosquitos tropics ++
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Figure 4.1 - Box-plots of water temperatures at whi  ch surface scums of five most
prominent cyanobacteria genera were found. Boxes sh ow medians and 25th and 75th
quartiles, bars indicate 10th and 90th percentiles, and dot symbols represent outliers.
(Roijackers and Lurling, 2007).

Even slightly increased temperatures could leddgber biomass and dominance of
cyanobacteria in some aquatic systems (Fernald, &087). Moreover, climate related
increased risk of eutrophication will further enbarnhe formation of algal and toxic
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cyanobacterial blooms (Fig. 4.1), that can causedrudiseases. Bathing is not recommended
in such water bodies due to the existence of cyactenal toxins that may exceed the WHO
threshold (WHO, 2003).

The measures already taken to reduce eutrophic@édncing nutrient loading; improved
water treatment) have been at least partly suadessinany river basins of Europe (Lyche-
Solheim et al., 2010). There is a risk that clinatange will counteract this success (Moss et
al., 2009), and that the public health risk forevhbrne diseases is increased (Fig. 4.2).

Figure 4.2 - Children playing on the shore of Lake Reeuwijk (Roijackers and Lurling,
2007).

Increased colour (DOC) caused by a combinatiorimfate change and reduced sulphate
deposition (see Chapter 1, Section 1.3) incredmerequired DOC removal capacity in
drinking water treatment, and significantly affectsatment process selection, design and
operation. As an illustration, an increase in raatew color from 20 to 35 mg Pt'lincreased
the required coagulant dose, sludge production beunrof backwashes per day and residual
DOC by 64 %, 64 %, 87 % and 26 %, respectivelyaddition, hydraulic capacity and filter
run time decreased by 10 % and 47 %, respectitzkebrokk et al., 2004).

Sport fishing may also be negatively impacted liypate change, since most of the attractive
fish species (salmonids, coregonids) will beconticed or lost (Reinhartz, 2007 and
Chapter 3.2). The concentrations of hazardous anbss (e.g. pesticides, mercury) are
already too high in the fish in many areas, caugimgernmental regulations to restrict the
consumption. An example from Norway is the Lake $84jawhere high concentrations of
PCB and mercury were detected requiring diet reiguia not to eat trout more than once a
month (Lavik, 2008). As climate change has arugrice on the water-chemistry, such as
more coloured waters and thereby higher bioavditalof mercury, it will also have an effect
on the concentration of contaminants in fish.

Boating, walking along the shore and bird watcrang activities related to water-bodies but

without direct contact with the water, so no heabkk is associated with climate change
Impacts on water quality and biodiversity. Nevel¢ise, these activities can indirectly be
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influenced by climate change, e.g. algal bloomsmamise the aesthetic perception of a
water body, and dominance of alien species carceethe chance to see rare bird species.
Thus the positive impacts of these activities oman well-being can be reduced. Moreover,
the socio-economic value of tourism and propertiggarian areas can be reduced.

4.3. Conclusion

The impact of climate change on water quality, hiecsity and ecological status of inland
surface waters may cause increased risks to hugsthfand pose a threat to recreational
water use. Related socio-economic impacts can pecéed, including increased costs for
drinking water supply and sanitation, as well akiced property prices and tourism in
riparian areas. Future land use intensity, raitepas$ and level of implementation of
environmental and other regulations, such as th®\d the Common Agricultural Policy,
will affect the magnitude of these impacts.

5. Possible adaptation measures

5.1. Adaptation to climate change impacts on water quality and biodiversity

Mechanisms

Society needs to avoid the unmanageable througiethetion of greenhouse gas emissions
and manage the unavoidable through adaptation mesa&sicientific Expert Group on
Climate Change, 2007). Adaptation is very much abmanaging the risks associated with
future climate change impacts. Adaptation to clenatiange is defined by the IPCC as
'‘Adjustment in natural or human systems in respémsetual or expected climatic stimuli or
their effects, which moderates harm or exploitsdhieral opportunities’ (IPCC 2007).
Adaptation aims particularly at reducing unavoigatégative impacts already in the shorter
term, reducing vulnerability to present climateiahility, and exploiting opportunities
provided by climate change. Adaptation includesgmtive and reactive measures, which
relate mainly to planned adaptation, as well asrarhous actions. Mitigation aims at
avoiding the unmanageable impacts, while adaptaiims at managing the unavoidable
impacts. Adaptation occurs primarily at transbougda.g. river catchments), sub-national
and local levels, and therefore involves many lewéldecision-making. As a consequence of
that, adaptation has to be tailor-made to the §peaf the geographic area considered in
terms of landscape types and sectors involvedoNaitistrategies provide the framework for
adaptation actions, many of which have to be impleted at sub-national and local levels.
The relevance of adaptation at the EU level is arily concerned with coordinating
information sharing, and encouraging an appropr@portionate and integrated
implementation of adaptation measures at the @iffielevels. The integration of adaptation
into EU sectoral policies, structural/cohesion feimolgether with fostering research and
involving stakeholders are key instruments in thispect (EEA, 2008).

Climate change can result in significant changeableénvariables that affect the quality of
water as described eatrlier in this report. Physibahges may occur in water temperature,
ice-cover, stratification of water masses in laked water discharge including water level
and retention. Chemical changes relate in pagrdol oxygen content, nutrient loading and
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water colour while the biological changes are diifgcthe structure and functioning of
freshwater ecosystems. Changes in these vari@#dgd impacts on all the socio-economic
and environmental goods and services that depetitese systems directly or indirectly
(EEA, 2008 and Chapter 4 above). Key economic sgctdhich will need to adapt through
integration within sectoral policies at Europead aational levels, include energy supply,
health, water management, agriculture, tourismteantsport. Adaptation strategies should
also consider the costs and the benefits of eaclsune and of the combinations of measures.

Adaptation to climate variability and change isragess of assessing and responding to
present and future impacts, planning to reduceitieof adverse outcomes, and increasing
adaptive capacity and resilience in responding utiipie stresses. A key step is to make use
of the best available science to identify condsgiamd risks as well as their relevance for
adaptation strategies and actions to allow adaptimgw boundary conditions due to climate
change. Any analysis carried out as part of rbasgin management planning should take into
account the existence of uncertainty and, whersiples use a range of climate projections
including a variety of climate models, emissionsrazios and timescales. Proper staff
training and cooperation between different levélauthorities and sectors, also need to be
considered in efforts to build up adaptive capafmtynanagement under climate change.
Adapting to climate change implies new requiremesagmrding the type and the extent of
data collected for river basin management. Lon@ ts@ries are judged essential for
understanding the changes of physical variablesaletted species over time. (EEA 2009a,
EC, 2009).

Past trends

At the 2007 UN Framework Convention on Climate Gjea(lJNFCCC) Bali conference, the
urgency of responding effectively to climate chattgeugh both adaptation and mitigation
activities was recognised by a larger number ohtees than ever before (EEA, 2008).

The WFD, which entered into force on 22 Decemb@02introduced a significant shift in
regulatory approach from one of multiple instrunsenith separate (but overlapping)
objectives to one providing an integrated framewamkering all variables affecting the status
of water bodies and the water needs of terregtcasystems and wetlands that depend
directly on aquatic ecosystems. The effectivenéfiseoWFD in the face of climate change
clearly depends on the extent to which scenariesmiroduced into the river basin
management plan process. (EEA, 2007)

In the context of the WFD Common Implementatiorattgy, an activity on Climate Change
and Water was initiated in 2007 to produce guidasrceow EU Member States should
incorporate consideration of climate variabilitydacthange into the implementation of EU
water policy. This activity is supported by a Stgt Steering Group (SSG). In 2008 the
Water Directors agreed key messages on Climatedehamd Water, and the SSG exchanged
practices in incorporating climate change in thst fiRiver Basin Management Plan (EEA
2009a). EU Member States are at different stagesepfaring, developing and implementing
national adaptation strategies, depending on the@af the observed impacts, assessment of
vulnerability and capacity to adapt (EEA, 2008).9¥Ileuropean Member States have started
drafting adaptation programmes or strategies, agréa number of regional adaptation
projects were launched in recent years. Howevgre®gance in designing adaptation
strategies and implementing policies is still liagit(EEA 2009b). A brief overview of the
status of European countries is presented lativisrchapter.
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Future projections

In 2006 the Stern Review (Stern 2006) recognisatiatiaptation in developed countries is
still at an early stage despite well-developed meskructures and the relatively high capacity
to adapt. It suggested that governments had arr@eoviding a clear policy framework to
guide effective adaptation by individuals and firmshe medium and longer term. In 2007,
the European Commission Green Paper on adapt&©n2007) stressed that early action is
most important to prevent reactive and un-planriaptation as response to more frequent
crises and natural disasters. With late or no actlamages and associated economic cost
would rise sharply until 2080. The Green Paper e#dls for an integration of climate change
adaptation into existing policies. It stresses #zaty adaptation will bring economic benefits
and may even help to gain competitive advantagesigin the development of new
technologies. The Green Paper analyses how adap&fforts could be integrated into
existing sectoral EU policies, how Community furglprogrammes could take climate
change and adaptation into account, and also egtbe scope for developing new policy
responses, in particular with respect to finanseaices and insurance, and spatial planning.
The Green Paper announces that a systematic chaokvaclimate change will affect all
Community policy and legislation should be carmed by 2009.The White Paper of the
European Commission “Adapting to climate changevdials a European framework for
action” (COM/2009/147) was issued in April 2009 amds out a framework to reduce the
EU’s vulnerability to the impact of climate chan@A, 2009a; EC, 2009).

5.2.  Concrete adaptation measures

I. Measures for adaptation related to the WFD

WFD offers important tools for adapting to climateange impacts. In particular, the
integrated approaches to land, water and ecosyst@magement, combined with the cyclical
review of progress, are all consistent with thald®f adaptive management. However,
sometimes it is not easy to distinguish regularwatanagement issues and measures from
adaptation measures. Some of the river basin mar&geplanning steps are considered more
critical than others in our ability to prepare &imate change, especially in the short term
(EC, 2009; Table 5.1):
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Table 5.1 - Criteria to help select adaptation meas ures (EEA, 2009a).

Example — Criteria to help selecting adaptation masures

Criterion | Sub-criteria | Guiding questions to be asked

Effectiveness| Adaptation Does the measure provide adaptation in terms afciad impacts,
of adaptation| function reducing exposure, enhancing resilience or enhgrapportunities?
Robustness to | Is the measure effective under different climaenseios and different
uncertainty SOCio-economic scenarios?
Flexibility Can adjustments be made later if conditions chaggén or if changes
are different from those expected today?
Side-effects | No regret Does the measure contribute to more sustainablerwsnagement and
bring benefits in terms of also alleviating alreaysting problems?
Win-win (or  Does the measure entail side-benefits for othaak@nvironmental
win-lose)? or economic objectives?
Spill-over Does the measure affect other sectors or agetasms of their adaptive
effects capacity?
Does the measure cause or exacerbate other enénmalnpressures?
Efficiency/ Low-regret Are the benefits the measure will bring high refatio the costs? (If
costs and possible, consider also distributional effects.(bajance between publig
benefits and private costs), as well as non-market valudsadierse impacts on
other policy goals)
Framework | Equity and Who wins and who loses from adaptation?
conditions | legitimacy Who decides about adaptation? Are decision-makinggulures
for S_eusmn- accepted by those affected and do they involveshtiders?
making

Are there any distributional impacts of the climekange impacts or of
the adaptation measures?

Feasibility of | What barriers are there to implementation?
implementation| ,  Technical

e Social (humber of stakeholders, diversity of valaed interests,
level of resistance)

» Institutional (conflicts between regulations, degoé cooperation,
necessary changes to current administrative arraees)

Alternatives Are there alternatives to the envisaged adaptatieasure that would
e.g. be less costly or would have fewer negatite-sifects?

Priority and How severe are the climate impacts the adaptatessore would

urgency address relative to other impacts expected in fis&/@aver basin/country?

When are the climate change impacts expected taroét what
timescales does action need to be taken?

ii. Adaptation measures for point source pollution conol

Sewage treatment plants continue to be one of tie sources of point pollution discharges
in Europe. The main pollution problems associatéd these are the nutrients nitrates and
phosphorus. Uncontrolled or accidental dischargentrieated wastewaters into
environmental waters is particularly problematimnfran environmental perspective, due to
the high levels of nutrients contained. The riskhi$ kind of discharge is particularly high in
sewerage systems which combine storm water ancewatdr; overflows of the system into
water bodies, due to flash floods for instance,@amtain important amounts of untreated
wastewater and its pollutants (EEA, 2009b).
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Pre-emptive reduction of point source pollution

The decrease in rivers’ summer discharge predictedarious regions in Europe implies a
reduction of the carrying capacity of the wateribsdi.e. discharges of pollutants that are
currently acceptable and unproblematic can resulhacceptable pollution levels in future.
The pre-emptive reductions of point source polluiioview of these decreases in discharges
are a clear example of a pro-active adaptation unea¥he Netherlands are currently
addressing point-source pollution taking into cdesation the predicted impacts of climate
change on low water flow. Measures of this typecgpally targeting nutrient loading from
point sources are also recommended for reducingsk®f eutrophication in lakes.

Improving industry risk management

Industrial accidents leading to pollution of wab@dies can have strong impacts on
ecosystems already under additional stress duérate change impacts. Finland has
addressed this risk by heightening requirementmfitustrial security and for contingency
plans. In addition to environmental benefits, treasure has clear additional benefits for
human health.

Reducing phosphate load in wastewaters

As a nutrient the phosphate present in wastewasgrsead to eutrophication of surface
waters. Climate change increases this risk duegogduced river flows and increased
frequency of flash floods — with increased storrd aewage water overflow — predicted for
some regions. One measure addressing this is tirerigaor minimising of phosphate in
relevant domestic products; many European courttags banned (e.g. UK) or drastically
reduced (e.g. Germany) phosphates in laundry ciggrioducts by law. A second measure
which makes use of the economic value of phosphamdsaddresses its presence in other
domestic sources is reclaiming the phosphorus nbofevastewaters. This technique has
been applied in pilot projects in Germany. Phospioeclamation is considered as possibly a
very effective solution for maintaining high watgrality in a changing climate, at the same
time delivering economic benefits.

Separation of rainwater and sewage

Untreated wastewater effluents reaching surfacemwabnstitute a serious pollution problem.
A possibility, both when building new canalisatiamd renovating existing one, is to separate
wastewater and storm water. This is usually a coatpvaly expensive option, but it strongly
reduces the risk of untreated wastewater entenmgamental waters. More cost-effective
ways of adapting old infrastructure which mixecdhveater and sewage to this newer standard
have been implemented in pilot projects in theesitn Germany. In one of the approaches
used - all of which separate rainwater from seweragew tubing was placed within existing
canalisation, thus separating the two streams.

I ncorporating climate change considerations into discharge licensing schemes

New forms of discharge license agreements includeigions that address uncertainty due to
climate change. Licenses from point sources diggsaare reviewed periodically; changes
related to climate change impacts, as well as admamgother parameters such as population
behaviour and available technology can thus bectftl in the revised agreements. In the
UK, discharge licenses of wastewater treatmenttplare reviewed every 5 years to this
purpose. In Belgium, regulations aim to tie up wastter discharges to the carrying capacity
of the receiving water body. Changes to the systearrying capacity due to climate change
will be reflected in the pollution load the systesrallowed to take up.
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I mprovement of wastewater infrastructure capacity

Untreated wastewater effluents reaching surfacemwabnstitutes a serious pollution
problem, mainly due to the risk of eutrophicatidrsorface waters due to nutrients, but also
due to a variety of other pollutants present inteiaater. In many regions the frequency of
these extreme events such as flash floods is eegbémtincrease due to climate change.
Improvements in the capacity of the treatment glantin the storage capacity can address
this problem. An example of a way to increase ciyp#tat does not imply major new
infrastructure works is the wastewater controlays{LISA) implemented by the Berlin
water service provider. In case of heavy rainfaltsomputer-controlled system automatically
coordinates all 148 pumps to shift the mix of stoamd wastewater through the connected
sewerage system to those treatment plants thatat capacity. Thanks to this system, the
overall amount of storm- and wastewater overfloas been reduced by approximately 20%.

Adaptation measures for diffuse pollution source a@ntrol

Agriculture is the main source of diffuse pollutiafiecting environmental waters in Europe.
Agriculture is a sector that can make large contrdms to adaptation to climate change and
water quality. Thus, policy coherence with the Eh@non Agricultural Policy’s provisions
should be ensured with regard to adaptation obgesin water management. Conventional
agriculture implies a certain level of leachingn@ashout of nutrients and pesticides, either to
surface waters or to groundwater bodies. Some taolls, such as phosphorus, adhere to soll
particles; in this case they reach surface watdrdsonot in the water that makes up surface
run-off, but on the soil particles transported tluerosion processes. The measures presented
below aim to contain the pollutant loads that tiese transport paths (EEA, 2009b). From
the several national and European research aetititiere is limited empirical evidence to
demonstrate impacts unequivocally, because otditfes in disentangling the effects of
climatic factors from other pressures. On the olbtzerd, there are many indications in
freshwaters that are already under stress from hwotivities which is vulnerable to climate
change impacts. In some cases climate change mficantly hinder attempts to restore
some water bodies to good status on the long tE&E#( 2009a).

Support for switching to organic farming

Organic farming strongly limits the possibility afjriculture-related diffuse pollution entering
groundwater or surface water bodies. In additiorestrictions typically prohibiting the use of
artificial pesticides and fertilisers and regulgtthe use of natural fertilisers, requirements
also typically include rules for improved soil stture and functioning, thus reducing the risk
of soil erosion and unwanted sediment transpor. mkin drawback of this measure is the
loss of productivity in organic systems; due te ttome schemes compensate the farmers
economically for their using this production system

Precision farming

Precision farming is based on the principle of nmgetrop requirements as precisely as
possible, using high technology (GPS yield mappuagiable rate delivery of seed, pesticides
and fertilisers) at a very fine scale (a few squaetres), and aiming for application at the
best possible moment in time. This results in masanon of efficiency of all inputs, and
reduces the risk of nutrient and pesticides runtmfurface water, leaching to groundwater,
etc.
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Buffer strips between water bodies and agricultural fields

Vegetated and unfertilized buffer zones alongsidéeveourses act as a shield against
overland flow from agricultural fields and reduce+off from reaching the watercourse, thus
decreasing erosion and the movement of pollutamdswatercourses. Research suggests very
high potential for controlling nitrogen pollutar{tacluding nitrate), but performance is
strongly dependent on characteristics such as bzdige width, slope of the drained field,
soil type and variety, and density of zone vegetatAdditionally, suspended solids and
sediments (with adsorbed pollutants such as pheogphare filtered and channel erosion is
reduced; protection against pesticides and heavglsie also judged to be very positive.
Buffer strips also effect a reduction in pollutioy changing land use. Buffer strips are being
widely supported as agri-environmental measuré&umopean rural development
programmes.

Buffer strips at field margins (e.g. next to roads), between fields and within fields

The principles behind and the effects of this meaarpe the same as for the previous one, but
whereas the previous measure addresses run-oié imimediate vicinity of a particular water
body, this measure addresses the problem close aoigin. The strips’ location aims to
reduce surface run-off, as well as soil transgamning out of individual fields. The measure
shows particularly good results for soil retentibacating buffer strips within fields makes
sense under extreme conditions such as strongdyngidields located close to watercourses.

Erosion reduction measures

Agricultural measures that reduce erosion andforatisoil conservation reduce the input of
solid and suspended particles into water bodie$ cansequently the input of diffuse
agricultural pollutants such as phosphorus. Sontkesfe measures (e.g. winter plant cover)
also take up soil nutrients, reducing the nutrieatl available for leaching. Many of these
measures improve soil structure and increase therwetention capacity of soils. The
measures also have the potential of strongly reduitie run-off from agricultural fields.

» Continuous plant cover (catch crops, intercrops) winter plant cover: A cover
crop is planted in late summer or fall to providd sover during the winter. A cover
crop will take up residual nitrate and other nuttsefrom the soil, and helps stabilise
soil thus reducing soil erosion and the mobilisatd associated pollutants.

» Green stripes between fieldsThe establishment of green stripes of some meters
width between agricultural fields, either with perment or with temporary (yearly)
cover, strongly reduces the erosion of field sod aeduces surface run-off, thus
reducing the input of nutrients and pesticides sudace waters. If local varieties of
plants/grass are used, the measure also has paditects on biodiversity.

* Mulch sowing: Maintaining plant rests within the soil and absitag from the use of
ploughs naturally creates a protective layer ofainuthile new plants are sowed
directly into the soil through the mulch with adatpiequipment. This helps maintain
organic matter and preserve good soil structures improving infiltration and
retention of water and thereby decrease erosiompalhatant concentrations in surface
run-off.

* Preventing soil compaction:Soil compaction reduces water infiltration intalso
thus favouring surface run-off and erosion; comipaefree soils are also more
drought resistant for crops Options for preventingipaction including use of low
ground pressure tyres or tracks on vehicles, angidiet soils, and adding organic
matter to soil.
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Various programmes, including some for environmignfeiendly agriculture, support these
measures. The European Regional Development Proggdor instance sets out the amount
of support provided to farmers for their implemeiata of some of the above-mentioned
measures.

Fertiliser, manure and durry management measures

A rational and planned application of fertilisersimire/slurry, which is well-timed and which
takes account of local parameters such as soildggdestructure, is a wide-spread tool for
reducing nutrient leaching and which can have amreaus impact on water quality. By
keeping nutrient levels as close as possible tat peuirements over time, excess nutrient in
the soil, which can be flushed out e.g. by preatmn, is reduced to a minimum. These
management measures include:

* Nutrient balances: Nutrient balance spreadsheets inform farmers ertficiency of
nutrient utilization and help identify the croppipbases in which nutrients are lost.
They help to accurately account for fertilizer asel reduce unnecessary nutrient
inputs. The reductions have positive effects om Isotface and ground waters.

* Manure application techniques:A measure of this type involves for instance ougjti
slots in the soil, injecting the slurry and theosthg these slots after application.
Injecting slurry as opposed to applying it on tdpswkes it possible to directly reach
the active soil layer in order to reduce nutrieg@dhing. This reduces groundwater and
surface water pollution from nitrate leaching amdgphate run off.

* Integration of fertiliser and manure nutrient supply: Determining the amount of
nutrients supplied to soils during manure applaatielps farmers judge the amount
and ideal timing of additional fertilizers requirbyg the crop. Taking better account of
the nutrients contained in manure can reduce thd fo fertilizer inputs, which in
turn minimises nitrate and phosphorus losses.

Additional options include the adoption of improyaecision techniques such as soil
analysis, manure analysis, adaptation of fertilégset pesticide application on demand,
matching fertiliser to seasonal conditions, anavsdmd controlled release fertilisers.
Requirements regarding fertiliser and manure mamagémeasures are being used widely,
ranging from simple restrictions regarding the tignof manure or slurry application to
widespread implementation of nutrient balance sisleeets.

Risk-based fertiliser and manure restrictions

Risk areas include areas with flushes drainingneaby watercourse, cracked soils over
field drains, or fields with a high phosphorus irdBy avoiding the spreading of mineral
fertilizers or manure at high risk times, the nigrleaching and loss of phosphorus through
surface run off is diminished. High risk times mgé when there is a high risk of surface
flow, rapid movement to field drains from wet spibs when there is little or no crop uptake.
The measure requires adequate collection and stéaadities.

iv. Adaptive measures for biodiversity

This section presents measures related to biodliyevkich are not directly associated with
the two main water quality problems of the previsastions.

52



Barrier removal for improved species migration

The predicted increase in water temperature is@ggdo effect a change on distribution of
water species; species are expected to move teroeaters, which implies a general move
northwards as well as a move to higher elevatioasypstream). Numerous initiatives are
currently being implemented that remove man-mastelfarriers or provide fish passage
facilities at man-made barriers as a response tb Véguirements.

Mitigation of water temperature increases by establishing wooded riparian areas

To the present only one measure has received wigla$pecognition as having potential to
influence water temperature increases. Ripariassandth trees provide direct shade for the
water body, reducing the influx of solar radiatmmit and thus avoiding the corresponding
increase in water temperature. In the case of widgian wooded areas, these can also
increase the relative air humidity, which also ciimittes to reduce water temperature. This
measure is considered particularly relevant fodineders; its positive influence on water
temperature and related biological processes egtiendownstream regions. It is typically not
considered applicable downstream because rivenssaialy too wide to be influenced in
their temperature by canopy cover in these regibosever, narrower rivers could benefit
from this measure’s implementation independentligsoin-basin location.

Cash crops

Cash crops are usually sown after the harvest@fcoop and before the sowing of the next.
They offer forage or green manure (providing feytifor the soil thereby reducing nitrogen
applications for the next crop) potential and aeally based on quick growing plants that
will establish before winter. Their mitigation béditeinclude reducing pD emissions or
leakage, improving N-use efficiency and carbon sstration in the soil. When it comes to
impacts on biodiversity, catch crops reduce niti@dehing which can cause eutrophication in
watercourses. They can also provide cover for nfiamgland bird and insect species and
reduce soil erosion which would have negative ¢$fea local biodiversity.

5.3.  Status of adaptation strategies in European ¢ ountries

A number of national adaptation strategies have loeseloped by European countries, and
several are in the development process. Many of thedress impacts on water and draw up
a strategy to adapt water management accordingdyp (B41).
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Legend

- National Adaption Strategy
adopted
~ National Adaption Strategy

7

in development/preparation
- No National Adaption
Strategy
7 Not included in study,
following (EEA, 2008)
- No information available

Status of adaptation
strategy development
in Europe

Map 5.1 - Status of adaptation strategy development  in Europe (Swart et al., 2009).

Key messages

Adaptation aims particularly at reducing unavoigatégative impacts already in thg
shorter term, reducing vulnerability to presentnelte variability, and exploiting
opportunities provided by climate change.

WFD offers important tools for adapting to climateange impacts. The integrated
approaches to land, water and ecosystem manageronartijned with the cyclical
review of progress, are all consistent with thalgd®f adaptive management.

The European Commission has set out a framewardiace EU’s vulnerability to
the impact of climate change (European Commis£069).

A number of national adaptation strategies have llegeloped by European
countries, and several are in the development psoce

Several possible adaptation measures related & waality are presented in this
chapter classified as measures for point pollusimmrce control, diffuse pollution
source control and biodiversity.

There is a need for integration of climate chardgpéation into existing policies.
With late or no action, damages and associatedoaaicrcost would rise sharply unti
2080.
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6. Conclusions and key messages

The most important conclusions and key messagesiuied in this report is that climate
change has already started to show impacts orutfece waters of Europe and on their
biodiversity and ecological status, and that tHesesymptoms will increase over the coming
years. These impacts have already clear consemqtrogater use and for public health. A
series of adaptation measures are urgently needsalibteract the negative impacts of
climate change on European freshwater ecosystethsrathe services they provide to human
well-being.

The clearest impacts related to water quality, ivierdity and health are listed below:

* Warmer water, reduced ice cover and longer groweason.

* More stable stratification and less mixing in lakes

» Browner water in the northern region (more DOC).

* Increased eutrophication with more harmful algabiohs, reduced water transparency
and declining oxygen concentrations.

* Increased risk of inputs and bioavailability of Aedous substances, such as Hg and

pesticides.

* Reduction of biomass and biodiversity of cold-addppecies like salmonids and
coregonids.

» Major loss of biodiversity in the southern regiahg to increased droughts and hot
weather.

* Increase of invasive exotic species, including pgémic micro-organisms.

» Deterioration of ecological status in most lake awdr types.

* Increased risk of exceeding the WFD good statggetar

* Increased health risk due to more toxic algae, rpatkogens and sewage overflow.
* Increased socio-economic costs related to watgrlg@nd sanitation.

A series of adaptation measures are underway totexact these negative impacts, such as
improved point source control and measures to eediftuse pollution esp. agricultural
measures, change of industrial processes to regftigents, banning phosphorus in
detergents, restoration measures in rivers and lgdarier removal, shading). The
uncertainty is whether they will be sufficient dmelimplemented soon enough to prevent
these negative impacts on the inland waters of figuro
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Abbreviations

CHAB Cyanobacterial harmful algal blooms

DOC Dissolved organic carbon

EC European Commission

EEA European Environment Agency

ETC European Topic Centre

Euro-Limpacs The impact of global change on Eurogesshwater ecosystems

IPCC Intergovernmental Panel on Climate Change

JRC Joint Research Centre

NAO North Atlantic Oscillation index

PCB Polychlorinated biphenyls

POPs Persistent organic pollutants

REFRESH Adaptive strategies to mitigate the impattdimate change on European freshwater
ecosystems

WFD Water Framework Directive

WHO World Health Organisation
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