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This report is entitled “Future climate change impact, vulnerability and adaptation
assessment for the case of Cyprus” and constitutes the fourth Deliverable of Action 3 of the
CYPADAPT project on the “Development of a national strategy for adaptation to climate
change adverse impacts in Cyprus”.

For the elaboration of this report, the project scientific team made use of the results of the
report “Projection of climate change in Cyprus with the use of selected regional climate
models” (Deliverable 3.2) of the CYPADAPT project and elaborated a future Impact
Vulnerability and Adaptation (IVA) assessment for all of the 11 selected policy areas (Figure
1-1), based on the same methodology followed for the current IVA assessment carried out in
the report “Climate change impact, vulnerability and adaptation assessment for the case of
Cyprus” of the project (Deliverable 1.2). One sub-report has been elaborated for each of the
selected policy areas (11 sub-reports in total).

In specific, the climate change vulnerabilities identified through the current IVA are re-
assessed in view of the projected future climate changes as well as of other relative socio-
economic projections for the period 2021-2050. Thus, by taking into consideration (i) the
current vulnerability assessment, (ii) the magnitude of the projected future changes in the
climatic parameters considered to affect each impact and (iii) other socio-economic
projections relative to the impact, the future vulnerability to climate changes in Cyprus is
assessed.

The selection of the policy areas that have been taken into consideration in the IVA
assessment where based on the categorization of policy areas for integrating adaptation, as
these were identified in the European Commission’s White Paper entitled “Adapting to
climate change: Towards a European framework for action”. These policy areas where
further categorized according to the specific characteristics of Cyprus, as illustrated in the
following figure.
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Figure 1-1: Selected policy areas in Cyprus for the IVA assessment

The methodology followed for the future IVA assessment in each of the 11 selected policy
areas is structured upon 3 basic steps:
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Step 1: Recording of the baseline situation. During the step, several characteristics of
the policy area under examination that are considered relevant for the IVA
assessment are recorded, such as the resources available, demand, environmental
condition, pressures, importance of each sector for the country, strategy plans and
management measures etc. In addition, several socio-economic projections and
future trends were also recorded.

Step 2: Future impact assessment. In this step, a literature review is being made on
the observed and expected impacts of climate changes worldwide and especially to
the wider area where Cyprus is located. The impacts for the case of Cyprus are
identified and relevant data are presented where available, such as the future
changes in climate that are considered to affect the impacts under examination.
Following, the trends of the observed impacts and the likelihood of the expected
impacts are evaluated. It must be mentioned that although the methodology
followed was the same with the one adopted in Deliverable 1.2, some of the impacts
identified in this report have been further specified and categorized into other sub-
impacts in order to better reflect the risks anticipated by climate changes.

Step 3: Future vulnerability assessment. In this step, the future vulnerability of each
of the identified impacts is assessed in terms of sensitivity, exposure and adaptive

capacity of the sector to climate changes, based on the available quantitative and
qualitative data for Cyprus. In particular, sensitivity is defined as the degree to which
a system is affected by climate changes, exposure is the degree to which a system
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will be exposed to climate changes and their impacts, while the adaptive capacity is
defined by the ability of a system to adapt to changing environmental conditions.
Adaptive capacity is also enhanced by the relative existing and planned adaptation
measures, according to their effectiveness.

For the assessment of sensitivity, exposure and adaptive capacity of each impact, a
number of qualitative and quantitative vulnerability indicators were used. The
regional climate models (RCM) used for the projection of future climate changes,
were also used for the assessment of future vulnerability. In specific, the RCMs were
used in order to calculate and plot certain vulnerability indicators which are
associated with various climatic parameters. The assessment of overall vulnerability
was based on the following qualitative equation:

Vulnerability = Impact — Adaptive capacity
where Impact = Sensitivity * Exposure

The general concept of the methodology followed was adopted by the “Impacts, Adaptation
and Vulnerability” Assessment Reports of the Intergornmental Panel on Climate Change,
while the assessment was further elaborated by the CYPADAPT team in order to prioritize
the impacts of all sectors and identify the key vulnerabilities for Cyprus. For this to be
achieved, sensitivity, exposure and adaptive capacity were evaluated with the use of a
qualitative 7-degree scale ranging from “none” to “very high”. The key vulnerabilities have
been identified as those impacts gathering an overall vulnerability score ranging from
“moderate” to “very high”.

Overall, 56 future climate change impacts have been identified in the selected policy areas of
Cyprus, from which 15 have been evaluated as key priorities for future adaptation action. In
Table 1-1, the identified future climate change impacts in Cyprus as well as the future key
vulnerability are presented, while in Annex |, the scores of sensitivity, exposure, adaptive
capacity and vulnerability for each impact are presented.

Table 1-1: Future climate change impacts and prioritization of key vulnerabilities for the case of
Cyprus

Water availability for domestic water supply in

. kg (1)
mountain areas
Water availability for domestic water supply in
urban areas
Water
resources Water availability for irrigation in mountain areas pAg (1)
Water availability for irrigation in plain & coastal
kg 3)

areas

Water quality of surface water bodies
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Water quality of groundwater bodies

(3)

Droughts

X | %

(3)

Floods in urban areas

Floods in mountain areas

Agriculture

Crop yield alterations

(4)

Soil fertility alterations

Increase in pests and diseases*

Damages to crops from extreme weather events

(6)

Alterations in livestock productivity*

Increase in costs for livestock catering *

Forests

Dieback of tree species, insect attacks and diseases

(3)

Fires

X | %

(3)

Forest growth*

Floods

Fisheries and
aquaculture

Quantity and diversity of fishstocks

Fishstock physical environment

Costs implications for fishermen

Coastal zones

Coastal erosion

Coastal storm flooding and inundation

Degradation of coastal ecosystems *

Biodiversity

Distribution of plant species in terrestrial
ecosystems

(5)

Distribution of animal species in terrestrial
ecosystems

(5)

Freshwater biodiversity

Marine biodiversity

Soils

Soil erosion (by wind and/or rain water)

(6)

Soil salinization — Sodification

Soil contamination

Desertification

(1)

Landslides

Energy

Energy demand

Renewable energy yield

Efficiency of thermal power stations
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Infrastructure

Damages to infrastructure due to urban floods

Damages to infrastructure due to sea floods

Damages to infrastructure due to landslides

Tourism

Warmer summers

Warmer winters

Coastal erosion

Water availability for drinking water supply

Water availability for irrigation and other uses

w ()

Heat waves

Biodiversity attractions

Storms, waves and floods

Public health

Deaths and health problems related to heat waves
and high temperatures

w (6)

Vector and rodent-borne diseases

Water- and food-borne diseases

Deaths, injuries and diseases from floods/storms

Air pollution-related diseases

Fire- related deaths and injuries

Climate-related effects upon nutrition

Landslide-related deaths and injuries

* In absence of sufficient data for the evaluation of sensitivity and/or exposure, the overall

vulnerability of this impact was not evaluated

However, it must be noted that, there were no sufficient scientific evidence and data to

evaluate or correlate all impacts and indicators to climate changes. For that reason, a

preliminary assessment of future vulnerability of Cyprus was made while where knowledge

and research gaps were identified, suggestions were made for further research.
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2.1 Climate change and water resources

Climate changes such as increases in temperature, sea level and precipitation variability
affect freshwater systems and their management (Kundzewicz et al., 2007) with a potential
of high wvulnerability not only for water resources but also to human societies and
ecosystems as a consequence (Bates et al., 2008).

Water resources are closely interrelated with climate as the water cycle strongly depends on
climate factors. The water cycle takes place through the physical processes of evaporation,
condensation, precipitation, infiltration, runoff, and subsurface flow. Evaporation is strongly
dependant on climatic factors such as temperature, radiation, vapor pressure and wind. In
addition, climate affects soil moisture and consequently infiltration of water to groundwater
bodies. Extreme climatic events such as heavy rainfall and flooding hamper water storage,
resulting in significant water losses. Finally, water quality is also affected by climate factors
such as temperature, droughts and sea level rise. Increased temperatures and decreased
precipitation lead to increased evapotranspiration, condensation and eutrophication. Sea
level rise threatens coastal groundwater bodies with salinization.

The water resources of Cyprus are considered vulnerable to climate changes, since they are
limited due to the semi-arid climate that characterizes the island. Freshwater availability
depends almost entirely on rainfall which is highly variable with frequent prolonged periods
of drought.

In specific, the impact, vulnerability and adaptation assessment for the sector of water
resources regarding climate changes that have occurred the recent years in Cyprus
(CYPADAPT, 2012), showed that water availability for irrigation constitutes a key
vulnerability of the sector to climate changes since the available water for irrigation is
limited while water demand for agriculture is large in spite of the various measures
implemented by the government and cannot be met most of the times. Droughts present an
equally important vulnerability for the water sector, since droughts are a common
phenomenon in Cyprus with detrimental effects for water availability in the island, while the
measures that have been undertaken so far manage only to alleviate the problem but not to
eliminate the adverse consequences. Groundwater quality is the next vulnerability priority
for water resources since the majority of groundwater bodies are already in a bad qualitative
situation mainly due to sea water intrusion caused by overdrilling while their replenishment
ability is very slow. Water availability for domestic water supply is also substantially affected
by climate changes since freshwater resources most of the times are not sufficient for
satisfying drinking water demand. The Government of Cyprus has undertaken a series of
drastic measures for the increase in water supply, such as the commissioning of desalination
plants, thus relieving the island from such a pressure.

In the sections that follow, an attempt is being made to assess the impacts of future climate
changes in Cyprus on the water sector based on the climate projections output produced by
the PRECIS (Providing Regional Climates for Impact Studies) regional climate model as well
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as on other socio-economic projections for the period 2021-2050. The reason why PRECIS
was selected to be used in the present study is that, unlike in other regional climate models,
in PRECIS Cyprus lies at the center of the domain of the study. The future period 2021-2050
has been chosen, instead of the end of the twenty-first century as frequently used in other
climate impact studies, in order to assist stakeholders and policy makers to develop near
future plans.
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2.2 Future baseline

Water cycle climatology is essential in water resources management and planning especially
in view of climate changes. The meteorological output of regional climate models can be
used as input in hydrological models to simulate the effects of climate change on
hydrological regimes at various scales. More specific, hydrologic models simulate water
balance through the transformation process of precipitation into evapotranspiration, runoff,
streamflow and aquifer recharge. However, a large amount of hydroclimatic and
topographic data are needed for model calibration (Xu et al., 2005).

In the context of this report, it is attempted to provide a rough estimation of the future
water balance in Cyprus in light of future climate changes, as these were calculated with
the use of the PRECIS regional climate model, while a detailed work is suggested to be
carried out entailing the use of a specifically developed hydrologic model for the
simulation of future climate change impacts on the water availability in Cyprus.

2.2.1 Hydrology

The main natural source of water in Cyprus is rainfall. According to a long series of
observations, the mean annual precipitation for the period 1960-1990 was estimated at 503
mm. The rainfall is unevenly distributed geographically with the highest in the two mountain
ranges and the lowest in the eastern lowlands and coastal areas.

Figure 2-1: Spatial distribution of rainfall in Cyprus

Source: WDD (1)

According to the PRECIS model, all north coasts and especially Karpasia peninsula are
expected to receive less annual total precipitation in the period 2021-2050 than that
estimated for the recent past years 1961-1990. In all other parts of Cyprus, the annual total
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precipitation appears to have minor decreases or no changes at all with the exception of the
area east from Paphos, which presents a minor increase in total annual precipitation (up to
5mm).

It is estimated that during the period 1971-2000, 86% of rainfall returned to the atmosphere
as evapotranspiration (FAO, 2000). In general, evapotranspiration tends to decrease with
reduced precipitation, but it increases with higher temperatures.

As the PRECIS model does not provide estimates for future evapotranspiration, the results of
the KNMI model on future evapotranspiration in Cyprus are presented here, for indicative
reasons only. The KNMI model predicts a general decrease in annual evapotranspiration
ranging from -3% to -7% for the period 2021-2050 compared to the period 1970-2000.
However, it must be highlighted here that the KNMI predicts higher decrease in precipitation
and lower increase in temperature compared to the PRECIS model. This could indicate a
smaller decrease in evapotranspiration or even an increase, based on the PRECIS model. For
that reason, it is suggested to use a hydrological model to produce safer results of future
evapotranspiration using PRECIS output as input to the model.

2.2.2 Water supply

The Republic of Cyprus in order to satisfy drinking water and irrigation demand has delivered
a number of water works for the exploitation of the available freshwater resources, such as
storage reservoirs. In addition, special emphasis was given to the exploitation of
groundwater aquifers in which accumulated flows (> 1 year) are stored.

In spite of those measures the dependence of water availability to rainfall continues. The
long and frequent drought periods have proven that the storage of rain water in dams does
not ensure water sufficiency in the long term. For this reason, the exploitation of non
freshwater resources (sea water, recycled water) has been promoted.

The Government Water Works (GWW) exploit water sources such as surface water and
groundwater and distribute it together with the desalinated water and recycled water to its
users (domestic sector, agriculture etc). Interconnection of reservoirs and conveyor systems
allows distribution of water across the island and offer some flexibility in operation. Apart
from the main GWW, the demand in drinking water is satisfied exclusively from the aquifers
through drillings and springs.

According to the Water Development Department of MANRE (WDD, 2009a), during the
period 2005-2007 only 45.9% of the total water consumption was provided by Government
Water Works, while 49.9% was provided by non Government Water Works. The remaining
4.3% refers to recycled water. In particular, drinking water supply for the same period was
provided by 86% from GWW and the remaining 14% by non GWW. On the contrary,
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irrigation water supply was provided by 73% from non GWW and the remaining 27% from
GWW (mainly surface water). However, it is considered that since water supply from GWW
has been augmented recently mainly due to the installation of new desalination plants, the
contribution of GWW to the total water supply has also been increased.

The major water supplier among the GWW in Cyprus is the Southern Conveyor System
which supplies approximately 76% of the total water supplied by GWW, followed by the
Pafos WW which supplies 16% of the water and the Chrysochou WW which supplies 7% of
the water while about 1% is supplied by other GWW (WDD, 2009a).

It is considered that the Southern Conveyor System in conjunction with the desalination
plants of the area satisfy the drinking water demand of Nicosia, Limassol, Larnaca and the
area of Famagusta which is under government control, as well as the irrigation water
demand of 14,000 ha of agricultural land. In addition, the Vassilikos-Pentaschinos project
was developed in order to supplement with irrigation water the agricultural development of
the area and to augment the domestic water supply of Nicosia, Larnaka and Famagusta
districts (WDD, 2011a— Annex VII).

The Pafos WW today in conjunction with the operation of the desalination plant at Kouklia is
considered to fully satisfy the demand in drinking water of the greater area of Pafos, Pegeia
and of some semi-mountain communities including the area of Pissouri. In addition, it
satisfies the water demand of the Pafos irrigation area which, has been substantially
reduced compared to the initial estimations (WDD, 2011a— Annex VII).

In addition, the Pitsilia Integrated Rural Development Project refers to a series of water
works in the mountain and semi-mountain area of Troodos, which belong to the districts of
Nicosia, Larnaca and Limassol. This project had as a goal to prevent the abandonment and
desertification of rural areas due to internal migration (WDD, 2011a— Annex VII).

Notwithstanding the remarkable increase of water supply through GWW in the country,
there are some areas mainly in the mountain regions which still experience water shortage
during drought years since they are not connected to GWW or the GWW which are
connected to, do not have access to desalination water which offers independency from
rainfall. As dams in mountain areas are of limited capacity while the quality of water is
suitable only for irrigation, the installation of water treatment plants in these areas is not
economical. Thus, most of the mountain villages still rely on groundwater sources (springs,
boreholes) leading to the depletion of aquifers.

Following, the freshwater and non-freshwater water resources in Cyprus are described in
detail.
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2.2.2.1 Surface water resources

A total of 108 dams and reservoirs have been constructed with a combined storage capacity
of 332 Mm?® (WDD, 2011a — Annex VII). By the standards of the International Commission of
Large Dams (ICOLD), Cyprus is the first in Europe regarding the number of dams per square
kilometer. The average annual inflow to the dams during the period 1971-2000 was
approximately 130Mm?. In order to estimate the inflow to the dams in the future, the
relationship between precipitation and inflow for each of the dams was studied based on
historical records. As every dam is characterized by different conditions (hydrological,
topographic, etc), it was found that the inflow was affected by precipitation following a
similar pattern for each dam. This pattern was depicted with the regression curves that best
suited the relationship precipitation-inflow for each dam. Next, these relationships were
used in order to predict future dam inflow based on the projected precipitation by PRECIS.
The results showed a 23% decrease in the future total dam inflow (100m*/y), although the
average change in precipitation is -5%. However, it must be mentioned that this method
does not take into account changes in evapotranspitation and runoff conditions in the future
which could potentially further decrease inflow.

Table 2-1: Observed and future estimated precipitation and dam inflow in Cyprus for the periods
1970-2000 and 2021-2050 respectively

Dam capacity Precipitation (mm) Dam inflow (Mm?)
vt o 3T e
2000 2050 2000
Kouris 41% -7.1% 25.1 19.9 -20%
Asprokremmos 52 19% 604 611 1.1% 5.1 5.4 7%
Evretou 24 9% 809 773 -4.5% 54 4.9 -10%
Kannaviou 18 6% 695 664 -4.5% 6.7 5.7 -14%
Kalavasos 17 6% 542 509 -6.1% 35.6 231 -35%
Dipotamos 16 6% 462 444 -4.0% 4.8 4.3 -11%
Yermasoyia 14 5% 608 565 -7.1% 12.5 9.0 -28%
Arminou 4 2% 745 702 -5.8% 13.5 11.4 -15%
Polemidia 3 1% 520 483 -7.1% 2.7 2.0 -26%
Mavrokolympos 2 1% 564 529 -6.2% 1.3 1.1 -17%
Lefkara 14 5% 536 517 -3.5% 0.7 0.6 -11%
Average | -4.7%
Sum | 279 84%
Sum | 113 87
Total dam inflow
T"ct:;:;:‘; 332 | 100% adjusted to 100% | 25 | 99
Average | -22.8%

" The data referring to the period 1970-2000 were sourced from WDD, 2011a — Annex ||
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2.2.2.2 Groundwater resources

As also mentioned previously, to estimate groundwater resources in the future, it is
recommended to make use of a specialized hydrological model. However, in the context of
this report a rough estimation of future groundwater resources will be attempted, based on
the water balance in Cyprus for the period 1970-2000 (FAO, 2000). The water balance was
adjusted based on the future dam inflows while the ratio between surface water,
groundwater and losses to the sea was maintained. The available groundwater resources in
the future, according to this water balance, are estimated to be 85Mm3/y on average. Again,
it must be mentioned that this method does not account for future changes in runoff which
could increase water losses and decrease water storage.

Table 2-2: Observed and estimated water balance in Cyprus for the periods 1971-2000 and 2021-
2050 respectively

Groundwater

1970- 2021- 1970-
2000 2050 2000°
128 99

Surface water

Storage in dams Available (springs 110 -
Diversion 15 12 minus overdrilling)

Losses 48 37 Losses 70 54
Total 191 148 Total 180 140

" The data referring to the period 1970-2000 were sourced from WDD website

2.2.2.3 Desalinated water

The desalination capacity in Cyprus has increased from 40,000 m*/d in 1997 when the first
desalination plant in Cyprus operated to 182,000 m*/d in 2011 and reached a capacity of
252,000 m?/d or 92 Mm? in 2012 (WDD, 2011a — Annex VII). The contribution of desalination
plants to domestic water supply for 2010 which was a relatively wet year amounted to 65%
which equals 55.5 Mm?, while in the future period (2021-2050) when the estimated average
water demand from the domestic sector is estimated to be approximately 86Mm?/year (see
Section 2.2.3), the desalination capacity will outreach domestic water demand by 7%,
provided that desalination capacity will not further increase. However, as mentioned earlier,
not all population in Cyprus has access to desalinated water and thus domestic water
demand is not possible to be fully satisfied by desalinated water. Table 2-3 summarizes the
desalination plants and their respective capacities for the years 1997, 2011 and 2012.

Table 2-3: Desalination plants in operation for the years 1997, 2011 and 2012

Capacity (Mm?/y)

Desalination plant
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Capacity (Mm?/y)

Desalination plant

Dekelia 14.6 21.9 21.9
Larnaca - 22.63 22.63
Lemesos - - 14.6
Pafos - - 14.6
Moni (mobile) - 7.3 -
Pafos (mobile) - 10.95 -
Vasiliko - - 18.25
Garilli (mobile) - 3.65 -
Total 14.6 66.4 92.0

Source: WDD, 2011a

2.2.2.4 Recycled water

Recycled water is a resource which has been given increased attention in recent years.
Providing recycled water through Government Water Works reached 12 Mm? in 2010, from
which 9 Mm?® was supplied for irrigation and about 3 Mm? for artificial aquifer recharge
(WDD, 2011a — Annex VII).

As shown in Table 2-4, the capacity of the Waste Water Treatment Plants (WWTP) in 2012
amounted to 59 Mm?3/y and will reach up to 65 Mm3/y over the medium term (2015) and 85
Mm3/y for long-term (2025). Assuming that the WWTP capacity represents approximately
130% of the average actual wastewater treated on an annual basis as WWTPs usually work
under full capacity, it is expected that the amount of recycled water which will be produced
in 2025 (65Mm?) is expected to satisfy 43% and 34% of today’s and future agricultural
demand, respectively.

Table 2-4: Planned capacity of Wastewater Treatment Plants for the years 2012, 2015, 2025

WWTP capacity (Mm?>/year)

2012 2015 2025

Municipal wastewater treatment plants 46 51 69
Rural wastewater treatment plants 13 14 16
Total 59 65 85
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2.2.3 Water demand

The total annual water consumption for 2011 was estimated to be 252 Mm?>. The two major
water consumers are the agriculture sector (irrigation) and the domestic sector, with a
consumption of 60% and 30%, respectively. Domestic sector includes water consumption for
permanent population (26%) as well as for tourism purposes (4%) (WDD, 2011a - Annex VII).

It must be mentioned that water demand exceeds the amount of available freshwater
resources. For instance, the total demand for irrigation in agriculture is rarely met. After
1996, the demand in agriculture was fully met only during the hydrological year of 2004,
when all dams had overflowed.

In order to examine the water balance in the future, apart from the future water supply it is
necessary to estimate future water demand. In the following paragraphs an attempt is being
made to estimate future water demand per water user (permanent population, agriculture,
tourism, industry etc) based on several socio-economic projections.

Based on consumption data provided by the Water Supply Councils, the Central Water
Supply System of the Water Development Department as well as the study of FAO, 2002, the
daily water consumption per capita was estimated at 215 I/c/d. It is assumed that the daily
demand per capita will not increase in the future, based on the fact that the increase in
environmental awareness especially on the limited availability of water as well as the
replacement of water networks for the minimization of losses will counteract any future
increase in the per capita water consumption (WDD, 2011a - Annex VII).

Based on the A1B GHG emissions scenario of the IPCC which foresees that global population
will peak in mid-century and decline thereafter, as well as the annual growth rate foreseen
in UN, 2010, the average population in Cyprus during the period 2021-2050 is estimated to
be 943,471. Considering the average daily amount of water consumption per capita, the
average total domestic water demand from the permanent population of Cyprus during the
period 2021-2050 is expected to reach 74 Mm?®, implying an increase of about 16%
compared to 2011 (63.8 Mm?>).

As for the water demand in agriculture, there is no study on the projection of future crop
trends, such as with population trends for example. Based on the aggregated
macroeconomic and sectoral projections to 2030 for the EU Member States of the European
Commission’s Directorate-General for Economic and Financial Affairs, the Member States’
stability programmes and long- term projections, the results of the study performed by
WEFA', and the results of the GEM-E3 model® (European Commission, 2003), the Gross
Valued Added of the agricultural sector (including livestock, fisheries and forestry) will
increase by 50% to 2030 compared to 2010. It is assumed that water consumption from the

' WEFA (now integrated into DRI-WEFA) is an economic consultancy company which was

subcontracted by NTUA to deliver a consistent macro-economic and sectoral forecast for the EU
Member States.

> The GEM-E3 model has been constructed under the co-ordination of NTUA within collaborative
projects supported by Research DG involving CES-KULeuven and ZEW
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sector will increase as the Gross Valued Added increases but with an almost logarithmic rate
as water use will be more efficient. In particular, according to the Department of Agriculture
of the Ministry of Agriculture, Natural Resources and Environment of Cyprus, the current
trend in agriculture is characterized by the replacement of the water intensive crops with
other more drought resistant crops and the use of more effective irrigation methods. On the
other hand, it is expected that climate changes such as the increase in temperature and the
decrease in precipitation, will increase irrigation demand. In the framework of this study, the
estimation of the report of FAO (Rossel, 2002) that future demand in irrigation water will not
substantially change in the future, is adopted. Taking also into account the increase in the
Gross Value Added of agriculture (50%) in 2030, it is assumed that the average total water
demand from agriculture in the period under examination (2021-2050) is expected to
increase by 25% which in absolute numbers equals to 190Mm? in total. As far as water
demand for livestock is concerned, it is expected that it will reach the amount of 11 Mm?
(35% increase) on average during the period 2021-2050, considering a 50% increase in
livestock capacity. It must be mentioned that, unlike crops, livestock’s needs in water cannot
be substantially reduced.

There are no data regarding the future trends of water consumption in industry. Based again
on the report of the European Commission (2003), the Gross Value Added of the industry
sector in Cyprus is expected to increase by 69% until 2030 compared to 2010. Water
demand from the industry sector on the other hand is expected to increase as well, but with
a substantially slower rate, provided that (i) not all industries are characterized by water-
based production and that (ii) water use in industry will become more efficient in the future.
Taking into account the above, it is assumed that water demand from the industrial sector
will increase by 35% on average and will reach the amount of 11 Mm?.

Table 2-5: Projection of Gross Value Added in Cyprus

Gross Value Added (000 M€05) 1990 2000 2010 2020 2030
Industry 0.9 1.1 13 1.7 2.2
Construction 0.9 0.8 1.1 1.6 2
Services 4.4 8.1 11 16.1 22.4
Agriculture 0.3 0.4 0.4 0.5 0.6
Energy 0.2 0.2 0.3 0.4 0.6
Total 6.7 10.5 14 20.3 27.8

Source: European Commission, 2003

According to the assessment of water demand in Cyprus carried out by WDD (WDD, 2011a -
Annex VII), tourist overnights are expected to increase with an annual growth rate of 1.5%.
Considering a daily water consumption per tourist of 350-727 I/c/d depending on the type of
accommodation, it was estimated that water consumption in the tourism sector will amount
to 12.3Mm? (27% increase) on average during the period 2021-2050. However, the
estimation does not take into account a potential substantial increase in water demand from
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the tourist sector, due to an increase in the number of golf courses which require large
amounts of water for irrigation.

In absence of relative data on the future water demand for landscape irrigation, it is
assumed that the contribution of the category to the total water demand in the period
2021-2050 will remain the same with the 2011 estimations (i,e. 4%), thus reaching the
amount of 12.5Mm? (25% increase).

The above assumptions for the future water demand per sector lead to an overall water
demand of 311Mm?> on average for the period 2021-2050, implying an increase of 23%
compared to the 2011 estimations. The present and future water demand in Cyprus is
depicted in detail in Table 2-6.

Table 2-6: Present and estimated future water demand per sector in Cyprus

2021-2050

Water users/uses

Permanent population 63.8 25% 74 24% 16%
Tourism 9.7 4% 12.3 4% 27%
Agriculture (crop irrigation) 152 60% 190 61% 25%
Agriculture (livestock breeding) 8.5 3% 11 4% 35%
Industry 8 3% 11 3% 35%
Landscape irrigation 10 4% 12.5 4% 25%
Total 252 100% 311 100% 23%

2.2.4 Water balance

For the period 2000-2010 the total average water demand was 250 Mm?. However, the
available surface and groundwater resources (217 Mm?®) could satisfy 87% of the total
demand. This gap was covered by non-freshwater resources (desalination and recycled
water)(WDD). As for the period 2021-2050, it is estimated that the average water demand
will be 311Mm? while the water supply from freshwater resources will satisfy only 60% of
the estimated future total demand. However, the existing and planned investments for the
supply of non-freshwater resources (approx. 157Mm?) are expected to fully satisfy future
water demand, with a marginal surplus though. This prerequisites though that all water
users will have access to non-freshwater resources, which is not the case for some mountain
areas which depend solely on freshwater resources as they are not connected to GWW or
the GWW which are connected to, do not have access to non-freshwater resources which
offer independency from rainfall. As the quality of water from dams in mountain areas is
suitable only for irrigation, due to the fact that the installation of water treatment plants in
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these areas is not economical, the only source of water for most of the mountain villages is
groundwater (springs, boreholes).

Table 2-7: Water balance between average water supply and demand in the period 2021-2050

Water supply Water demand
N
Surface water 31% | Permanent population 24%
Groundwater 85 26% | Tourism 12.3 4%
Desalinated water 92 29% Ag'rlcu_lture (crop 190 61%
irrigation)
Recycled water 65 1395 | Agriculture (livestock 11 4%
breeding)
Industry 11 4%
Landscape irrigation 125 4%
Total 341 100% Total 311 100%

In addition, it is logical to assume that when reaching 2050, freshwater resources will be
further reduced and water demand will further increase compared to the average
estimation for the period 2021-2050, resulting in a higher marginal difference between
water supply and demand, or even to a deficit.

However, it must be mentioned again that the projections in future freshwater supply
and demand are rough estimations of the future and that, in general, long-term
projections of this kind are characterized by high degree of uncertainty. For these
reasons, it is imposed that a re-assessment of these projections must be made.

2.2.5 Summary of pressures on the water sector

The water sector currently experiences both quantitative and qualitative pressures from
several environmental and socio-economic activities and practices.

The quantitative pressures are the result of the continuous increase in water demand for all
uses and the deficits observed in the water balance. In addition, water resources are
stressed due to excess groundwater abstractions. During the last decade, almost all the
groundwater bodies are being overexploited, meaning that the amount of groundwater
abstracted exceeded the sustainable limit. Furthermore, the consequences of greenhouse
gas emissions from desalination plants deteriorate the position of Cyprus in terms of the
total quantities of CO, emissions.
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The qualitative stresses are mainly attributed to point pollution sources which, for the case
of Cyprus can be summarized as follows:

e Municipal wastewater discharges

e The livestock waste in organized farms

e Industrial waste and waste from large technical installations
e The solid waste disposal sites

e The mining - quarrying to a lesser extent

e The aquaculture, brine discharge from desalination plants and ports to a lesser
extent for the marine environment.
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2.3 Future impact assessment

In this section, the climate change impacts on the water resources sector as these have been

identified

in Deliverable 1.2 “Climate change impact, vulnerability and adaptation

assessment for the case of Cyprus” (CYPADAPT, 2012) will be reassessed in light of the

climate projections for the future (2021-2050). The potential changes in climate and their

respective impacts on water resources for the case of Cyprus are presented in Table 2-8.

Table 2-8 : Relationship between climate changes and impacts on the water sector

Potential climate changes Impact

Increased temperature

Increased water temperatures
Increase in evaporation

Increased evapotranspiration

Water availability reduction

Lower replenishments rates (lower groundwater
levels)

Salinisation of water resources

Decreased precipitation,
including increased droughts

Decrease in runoff

More widespread water stress

Increased water pollution and deterioration of water
guality due to lower dissolution of sediments,
nutrients, dissolved organic carbon, pathogens,
pesticides and salt

Decreased rates of groundwater recharge
Salinisation of coastal aquifers due to overpumping
motivated by insufficient water supply

Increase in interannual
precipitation variability

Increase in the difficulty of flood control and reservoir
utilization during the flooding season

Increase in heavy precipitation
events

Flooding

Adverse effects in quality of surface water and
groundwater

Contamination of water supply

Lower replenishment rates in the aquifers of the
mountain areas due to steep slopes

Increase in surface water
temperature

Increased algae growth and reduced dissolved oxygen
levels in water bodies which may lead to
eutrophication and loss of fish

Prolonged lake stratification with decreases in surface
layer nutrient concentration and prolonged depletion
of oxygen in deeper layers

Changes in mixing patterns and self purification
capacity

Salinisation of water resources

Sea level rise

Salinisation of coastal aquifers (minor effect)
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The future impacts of climate change on water resources are further analyzed in the
following sections of this chapter. The impacts are presented according to their initial
categorization in the current impact assessment, namely:

(i) decrease in water availability,
(i) deterioration of water quality,
(iii) increase in flood frequency and intensity, and

(iv) increase in drought frequency and severity.

2.3.1 Decrease in water availability

Climate changes such as changes in temperature, precipitation patterns and snowmelt is
projected to lead to major changes in yearly and seasonal water availability across Europe.
More specifically, southern and south-eastern regions, which already suffer most from water
stress, will be particularly exposed to reductions in water resources. Decreased summer
precipitation results to a reduction of water stored in reservoirs fed with seasonal rivers.
There is very high confidence that many of the areas located in the Mediterranean basin will
suffer a decrease in surface and groundwater resources due to climate change (Kundzewicz
et al., 2007).

According to PRECIS projections for the future period 2021-2050, the average annual
temperature in Cyprus is expected to increase by 1 - 2°C with respect to the control period
1960-1990. As for the projections in annual precipitation according to the PRECIS model,
minor changes or no changes at all are expected over the period 2021-2050. However,
seasonal changes in precipitation may be discerned, with total winter and autumn
precipitation presenting a decrease of 10-20mm per year and a minor increase in summer
precipitation reaching 5 mm on average. Considering that the effect from future changes in
precipitation is expected to be limited, increased temperatures are considered to play a
more significant role in potential future changes in water availability.

The climate changes are anticipated to have also an effect on evapotranspiration as well as
on soil moisture, infiltration and runoff, together with the increase in water demand will in
turn have a significant effect on water availability.

Surface water resources

Changes in river flows due to climate change depend primarily on changes in the volume and
timing of precipitation, as well as on changes in evapotranspiration (Milly et al., 2005).
However, an increase in extreme high river flows is also projected for large parts of Europe
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due to the increase in heavy rain events, even in regions that will become drier on average.
Climate change is projected to result in strong changes in the seasonality of river flows
across Europe with decreasing summer flows in most of Europe (EEA/JRC/WHO, 2008).

As mentioned above, the changes in evapotranspiration and in the heavy rain events are
expected to have an additional impact on river flows.

However, the PRECIS model does not provide estimates for future evapotranspiration. For
indicative reasons only, the results of the KNMI model on future evapotranspiration in
Cyprus are presented here. The KNMI model predicts a general decrease in annual
evapotranspiration ranging from -3% to -7% for the period 2021-2050 compared to the
period 1970-2000. However, it must be highlighted here that the KNMI predicts higher
decrease in precipitation and lower increase in temperature compared to the PRECIS model.
This could indicate a smaller decrease in evapotranspiration or even an increase, based on
the PRECIS model. For that reason, it is suggested to use a hydrological model to produce
safer results of future evapotranspiration using PRECIS output as input to the model.

The indicator related to heavy rain events which was provided by PRECIS refers to the
annual maximum total precipitation over one day, shows minor increases in heavy rain
events in the future period (2021-2050) ranging from 2 to 5 mm.

In Cyprus, the mean quantity of dam inflow during the period 1971-2000 reduced by 40%
compared to the design estimates of the period 1917-1970 while the mean precipitation
reduction was around 13% (Rossel, 2002). The respective change in dam inflow in the period
2021-2050 compared to the period 1970-2000 is expected to be -23% while the mean
change in precipitation is estimated according to PRECIS at -5%. In Figure 2-2 the change in
the inflow to the main dams of Cyprus for the period 1970-2050 is presented.
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* 1970-2000: Actual dam inflow (WDD, 2011a), 2021-2050: Projection

Figure 2-2: Change in inflow to the main dams of Cyprus for the period 1970-2050
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Groundwater resources

The reduction in precipitation and the increase in evaporative demand will also lead to a
reduction in groundwater levels. Also a change in the amount of effective rainfall and in the
duration of the recharge season will alter recharge rates (Kundzewicz et al.,, 2007). In
addition, high intensity precipitation favors runoff against groundwater recharge.

From the monitoring of the 19 groundwater bodies of Cyprus during the period 2000-2008,
it was observed that the level of 10 groundwater bodies had a downward trend and only 3
groundwater bodies had an upward trend while the rest groundwater bodies had a
fluctuating trend (WDD, 2011a — Annex VII).

The available groundwater resources in the future, according to the water balance
presented in Section 2.2.2.2, are estimated to be reduced by 23% on average. Again, it must
be mentioned that this method does not account for future changes in runoff which could
increase runoff and water losses and decrease water storage.

Regarding future changes in high intensity precipitation, as also mentioned earlier, minor
increases ranging from 2 to 5 mm in the annual maximum total precipitation over one day
are expected in the future period (2021-2050) according to PRECIS.

2.3.2 Deterioration of water quality

According to the Fourth Assessment Report (AR4) of the Intergovernmental Panel on Climate
Change (IPCC), it is believed with high confidence that higher water temperatures, increased
precipitation intensity, and longer periods of low flows exacerbate many forms of water
pollution. However, there is no evidence for climate related trend in water quality (Parry et
al., 2007).

Surface water bodies in Cyprus are mainly the storage reservoirs with no inflows during the
summer months. As a result there is no dilution and combined with high evapotranspiration
rates their quality is bound to be deteriorated. In addition increasing temperatures will
result to increased eutrophication rates, stratification and low levels of dissolved oxygen.
Furthermore, the low recharge rate of aquifers in combination with the low permeability of
some sedimentary aquifers in Cyprus, results in the dissolution of soluble salts and the
increase in salinity (WDD, 2008).

However, it must be mentioned that a trend in water quality deterioration is mainly
observed in groundwater resources. The rapid urbanization in various parts of Cyprus during
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the last 30 years as well as the discharge of wastewater, gradually deteriorated the quality of
Cyprus’ groundwater. Nitrate pollution problems appeared in the aquifers of major
residential areas due to the disposal of wastewater in septic tanks and absorbent cesspools.
Intensive cultivation and excessive use of fertilizers contributed to the pollution of
groundwater with nitrates. Also, increased salinity has been observed in the coastal aquifers,
caused by human activity due to over-pumping (WDD, 2008). The deterioration of
groundwater quality worsens by climate factors which lead to a low recharge rate, as the
latter leads to the increase of pollutants concentration in groundwater.

Next, the future climate changes that are considered to be associated with the impact of
water quality deterioration are presented in brief.

The most relative indicator which PRECIS provides regarding precipitation intensity refers to
the annual maximum total precipitation over one day. The PRECIS results show minor
increases in the precipitation intensity in the future period (2021-2050) ranging from 2 to 5
mm on average.

As for changes in water temperature, these are related to the changes in air temperature.
According to PRECIS projections for the future period 2021-2050, the average annual
temperature in Cyprus is expected to increase by 1 - 2°C with respect to the control period
1960-1990.

As far as the periods of low flows or dry spells in the future (2021-2050), it is projected that
there will be a range of changes from slight decreases to an increase of up to 12 days/year
on average.

The abovementioned changes in climate as these were projected by the PRECIS model for
the future period 2021-2050 are anticipated to intensify the impact of water quality
deterioration. However, in absence of a correlation indicator connecting climate factors with
water quality, no assessment of the impact can be done.

In order to extract safer conclusions regarding the impact of future climate changes on
water quality, the following are considered necessary:
— Data availability from a long monitoring period
— Correlation of water quality with climatic conditions and clear distinction of the
effect from human activities

2.3.3 Increase in flood frequency and intensity

Despite the considerable rise in the number of reported major flood events and economic
losses caused by floods in Europe over recent decades, no significant general climate related
trend in extreme high river flows that induce floods has yet been detected. Although there is
yet no proof that the extreme flood events of recent years are a direct consequence of
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climate change, they may provide an indication of what can be expected: the frequency and
intensity of floods in large parts of Europe is projected to increase (Lehner et al., 2006;
Dankers and Feyen, 2008). In particular, flash and urban floods, triggered by local intense
precipitation events, are likely to be more frequent throughout Europe (Christensen and
Christensen, 2007; Kundzewicz et al., 2006). Flood hazard will also probably increase during
wetter and warmer winters, with more frequent rain and less frequent snow (Palmer and
Réaisanen, 2002)(EEA/JRC/WHO, 2008).

Cyprus in spite of the fact that is characterized by long and frequent dry periods, also suffers
from flooding events. From Figure 2-3, it can be seen that the frequency of flooding events
has increased considerably during the period 2000-2010 in comparison with the period
1970-2000, as 61% of the total flooding events refer to that period.

According to the IPCC, increases in the intensity of precipitation, may result in more
frequent and hazardous flooding events. Pluviometrical data from the meteorological
station in Nicosia (1930-2007) show an increase in the intensity and quantity of precipitation
of 37-49% for the period 1970-2007 in comparison with the period 1930-1970 for a duration
of precipitation between 5 minutes and 6 hours (Pashiardis, 2009). Historical records of the
Water Development Department (WDD) on flooding events for the period 1859-2011 (WDD,
2011b — Annex lll), show an increase in the flooding events in Cyprus for the same period, as
71 flooding events (mostly flash floods) were recorded during the period 1930-1970, while in
the period 1971-2010 recorded flooding events have tripled (207 flooding events). However,
it must be mentioned that the data recorded during the period 1930-1970 are not
considered exhaustive, as the recording mechanisms at that time were inadequate.
Furthermore, this increase is attributed mainly to a number of other factors such as
urbanization (increase of the built-up urea) and changes in land uses without taking the
appropriate measures (river bed protection zones, flood protection works), and secondarily
to climate changes.

The number of flooding events in Cyprus during the period 1971-2010 as well as their hazard
ranking (very low, low, moderate, high) in terms of adverse consequences for human health,
the environment, cultural heritage and economic activity are presented in the following
figure.
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Figure 2-3: Number of flooding events per year in Cyprus (1971-2010) (CYPADAPT)
Source: WDD, 2011d

As for the future climate changes associated with the impact of floods, the most relative
indicator which PRECIS provides refers to the annual maximum total precipitation over one
day. The PRECIS results show minor increases in the precipitation intensity in the future
period (2021-2050) ranging from 2 to 5 mm on average. Although a minor change, it is
expected that it will further intensify the phenomenon.

2.3.4 Increase in drought frequency and severity

Droughts affect water availability and water quality. Southern and south-eastern regions in
Europe show significant increases in drought frequencies (Kundzewicz et al., 2007). During
2000-2009, Europe has been affected repeatedly by drought. In 2008, Cyprus suffered a
fourth consecutive year of low rainfall and the drought situation reached a critical level in
the summer of that year (EEA, 2010).

Another study of the EC (2007) shows that Cyprus registered among the highest frequencies
of droughts in Europe in the period 1976 to 2006, with a large part of its territory being
affected whenever droughts occurred (Figure 2-4).
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Figure 2-4: Drought impact per year and Member State (1976 — 2006)
Source: EC, 2007

In Cyprus, droughts may last one or several years. The Meteorological Service of Cyprus
categorized the hydrological years based on the normal precipitation of the period 1961-90
(503mm). From Figure 2-5, it can be seen that the years with precipitation above normal
appear to decline or even to extinguish the last decade as the last “extreme wet” year was
observed in 1968-69, the last “wet” year in 1991-92 and the last “above norma
2002-03. On the other hand, many years with precipitation below normal were observed

III

year in

during the last decade with the year 2007-08 being characterized as a year of severe drought
(<70% normal) and 2005-06 as a year of drought (71-80% normal).
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Figure 2-5: Mean annual precipitation in Cyprus (area under Government control)

Source: WDD (5)

As for the future climate changes associated with the impact of droughts, the PRECIS results
show that the length of the drought periods is projected to increase up to 12 days/year on
average.
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2.4 Future vulnerability assessment

In this section, the future vulnerability of water resources to climate change impacts is
assessed in terms of their sensitivity, exposure and adaptive capacity, based on the available
guantitative and qualitative data for Cyprus and the climate projections for the period 2021-
2050. In particular, sensitivity is defined as the degree to which water resources will be
affected by climate changes, exposure is the degree to which water resources will be
exposed to climate changes and their impacts while the adaptive capacity is defined by the
ability of water resources as a system to adapt to changing environmental conditions as well
as by the effectiveness of the relative existing and planned adaptation measures.

For the assessment of future vulnerability, the same indicators used in the current
vulnerability assessment (CYPADAPT, 2012) were used, provided that the necessary data
were available. These indicators are summarized in Table 2-9.

Table 2-9: Indicators used for the vulnerability assessment of climate change impacts on the water
resources of Cyprus

Vulnerability

. Selected Indicators
variable

Water availability

— Sensitivity of runoff to changes in rainfall

— Dam inflow variability

— Number of groundwater bodies overexploited

— Number of groundwater bodies in bad quantitative status

— Freshwater availability per capita

— Water Exploitation Index

— Water availability index

— Number of years water demand exceeded amount of available
freshwater resources

Sensitivity

— Number of dams presenting decreasing trend
— Number of groundwater bodies in bad quantitative status

Exposure

— Increase water storage capacity

— Inter-basin water transfer

— Artificial aquifer recharge

— Water import

— Use of desalinated water

— Use of treated water

— Stormwater use

— Replacement of networks

— Improving water use efficiency in irrigation
— Water allocation

Adaptive capacity
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Vulnerability

. Selected Indicators
variable

— Control groundwater overexploitation
— Use of water supply meters

— Redistribution of irrigated land

— Water pricing

— Subsidies for drinking water savings

— Awareness campaigns

— Improving monitoring and forecast

Water quality

— Effect of climatic factors, such as temperature and rainfall, on the
quality of water resources

— Reduction of the rate of aquifer replenishment

— Overexploitation of aquifers due to water scarcity

Sensitivity

— Changes in air temperature

— Changes in annual precipitation

— Changes in the length of drought periods

— Changes in heavy precipitation events

— Changes in sea level

— Percent of river water bodies in bad ecological and chemical status

— Percent of lake water bodies in bad ecological and chemical status

— Percent of coastal water bodies in bad ecological and chemical status

— Number of surface water areas identified as sensitive according to the
Directive 91/271/EEC

— Surface Water Vulnerability (SWV) Index

— Number of groundwater bodies with excess pollutant concentrations

— Number of groundwater bodies declared as Vulnerable Nitrate Zones
(VNZ), according to the Directive 91/676/EEC

— Number of groundwater bodies salinized

— Number of groundwater bodies in bad qualitative status

— Designation of protected areas

— Protection from point source discharges likely to cause pollution to
water

— Action Programme to prevent or reduce water pollution from nitrates

— Protection from point source discharges likely to cause pollution to
water

— Protection of groundwater bodies from salinization

— Expansion of existing sewage treatment plants

Exposure

Adaptive capacity

Floods

— Percent of very high and high hazard flooding events taking place in
Cyprus

Sensitivity
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Vulnerability

. Selected Indicators
variable

— Changes in heavy precipitation events
— Areas with potential significant flood risk in Cyprus

Exposure

— Development of a separate drainage system for the collection of
stormwater

Implementation of Sustainable Urban Drainage Systems

— ldentification of flood risk areas

— Preparation of Flood Risk Management Plans

Adaptive
capacity
[

Droughts
> e I
5 — Sensitivity to Desertification Index
= — Percent of areas characterized as semi arid with an increased sensitivity
c . .
g — Percent of areas immediately threatened
) — Number of consecutive years of drought
§ — Amount of deficit during drought periods
g — Frequency of drought periods
[¥1]

— Standardized Precipitation Index (SPI)

Elaboration and implementation of a Drought Management Plan

Adaptive
capacity
[

*There were no data regarding this indicator

The relationship between sensitivity, exposure and adaptive capacity is based on the
following qualitative equation:

Vulnerability = Impact — Adaptive capacity
where Impact = Sensitivity * Exposure

Sensitivity, exposure and adaptive capacity are evaluated on a 7-degree qualitative scale
ranging from “none” to “very high”.

In the sections that follow, the vulnerability is assessed for each of the impact categories
presented in Section 2.3:

Water availability
Water quality
Floods

Hw NP

Droughts
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2.4.1 Water availability

2.4.1.1 Assessment of sensitivity and exposure

Sensitivity and exposure of water availability to future climate changes in Cyprus is assessed
by the sensitivity of runoff to changes in rainfall which results in increased flow variability
and by the degree of exposure to limited water supply. Additional exposure to pressures,
imposed on freshwater resources by non climatic factors, such as water demand and
groundwater overexploitation also increase the vulnerability of the sector. In the following
sections, the indicators used for the evaluation of sensitivity and exposure are presented.

Sensitivity of runoff to changes in rainfall

River flows in arid and semi-arid regions like Cyprus are highly sensitive to changes in
rainfall. A given percentage change in rainfall can produce a considerably larger percentage
change in runoff. As shown in Figure 2-6, the total surface runoff in Cyprus during the
hydrological years 1987/88-2010/11 decreased at a higher rate than the reduction in
precipitation, which is best represented with a logarithmic trendline.
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Figure 2-6: Relationship of rainfall and dam inflow in Cyprus (1987/88-2010/11) (CYPADAPT)
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During the period 1971-2000 the total quantity of water impounded in the 15 main
reservoirs of Cyprus, as well as, runoff reduced by 40% compared with the design
estimations for the period 1917-1970 with a respective mean precipitation reduction around
13% (Rossel, 2002). The relationship rainfall-inflow for each dam was also used in order to
estimate future changes in dam inflow for the period 2021-2050, based on the future
precipitation data provided by PRECIS. The results showed a 23% decrease in the future total
dam inflow compared to the period 1970-2000, although the average change in precipitation
is -5%. However, it must be mentioned that this method does not take into account changes
evapotranspiration and runoff conditions in the future which could potentially further
decrease inflow. In Table 2-10 the change in rainfall and inflow to the catchment area of the
main dams of Cyprus for the period (1970-2000)-(2021-2050) is presented.

Table 2-10: Change in rainfall and inflow to the catchment area of the main dams of Cyprus (1970-
2050) (CYPADAPT)

9 g - -
Dam catchment area Change (%)(1970-2000)-(2021-2050)

Mavrokolympos -17% -6.2%
Lefkara -11% -3.5%
Evretou -10% -4.5%
Kannaviou -14% -4.5%
Asprokremmos 6% 1.1%
Arminou -15% -5.8%
Kouris -20% -7.1%
Polemidhia -26% -7.1%
Yermasogeia -28% -7.1%
Kalavasos -35% -6.1%
Dhypotamos -11% -4.0%
Average -23% -5%

As it can be seen in Table 2-10, all main dams in Cyprus are expected to be exposed to
changes in inflow, with the magnitude of exposure ranging from -35% to +6% in the period
(1970-2000)-(2021-2050) (high exposure).

Figure 2-7 shows, as an example, the relation between annual rainfall and runoff for the
catchment of the Kouris dam for the period (1970-2000)-(2021-2050), where a 20% decrease
in annual runoff was observed for a 7% decrease in annual rainfall for this catchment.
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Figure 2-7: Relation between annual precipitation and annual inflow to the catchment area of the
Kouris dam for the period (1970-2000)-(2021-2050) (CYPADAPT)

Dam inflow variability

The Flow Variability Index was used to estimate water supply safety for Cyprus. This
indicator is calculated by estimating the standard deviation of annual inflows to the dams of
Cyprus. A low value indicates a low variability of runoff and thus reduced sensitivity of water
availability, while high variability indicates increased sensitivity in this aspect. In Figure 2-8 it
can be seen that there is high variability in dam inflow for the period 1969-2007 (average
dam inflow: 120 Mm?/yr, standard deviation: 76 Mm?®/yr) and thus high sensitivity of Cyprus
surface water resources to climate changes.
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Figure 2-8: Variability of flow into the dams of Cyprus for the hydrological years 1969-2006
(CYPADAPT)

Source: WDD
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Groundwater overexploitation

Diminishing precipitation and increased evapotranspiration with consecutive years of
drought led to the depletion of surface water stored in reservoirs and the exploitation of
aquifers (direct climate change effect) especially for agriculture as the irrigation period
elongated. Furthermore, cuts in water supply by Government works imposed in periods of
drought or high water pricing have often led private water consumers to illegally abstract
water from boreholes (indirect climate change effect), which resulted in further
deterioration of groundwater quantitative status.

Figure 2-9 shows that only 2 from the 19 groundwater bodies in Cyprus are not over-

pumped (non sustainable abstraction®) revealing the intense pressure posed on them.

M No over-pumping
Over-pumping

Figure 2-9: Over-pumping in the groundwater bodies of Cyprus

Source: WDD, 2008

According to the Water Framework Directive, which takes into consideration the trends in
groundwater bodies level as well as the amount of unsustainable groundwater abstraction,
11 from 19 groundwater bodies are considered to be in bad quantitative condition (Table
2-11). In addition, it is considered that groundwater levels will follow a decreasing trend in
the future which, if it is assumed that the ratio between surface water and groundwater will
be maintained, will reach -23%. Given that a large percent of groundwater bodies have been
already exposed directly or indirectly to climates changes, Cyprus’ groundwater resources
are characterized by high exposure to climate change.

? Non sustainable abstraction refers to the amount of water that is abstracted in excess of the sources’ recharge
as a fraction of the total water abstractions.
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Table 2-11: Quantitative status of groundwater bodies in Cyprus, 2000-2008

No of groundwater Over-pumping

o Groundwater level trend (Mm*/yr) Condition
CY_1 Kokkinochoria Upward-Fluctuating 4.5 BAD
CY_2 Aradippou Gypsum Downward-Fluctuating 0.5 GOOD
CY_3 Kiti-Pervolia Fluctuating 1.1 BAD
CY_A4 Zigi-Softades Steady-Fluctuating 0.7 BAD
CY_5 Maroni Gypsum Steady or Downward 0.7 GOOD
Chokitn Sancstone. Downward
CY_7 Germasogeia Steady-Controlled 0 GOOD
CY_8 Limassol Fluctuating 0.9 BAD
CY_9 Akrotiri Fluctuating-Upward 2.4 BAD
izailr::jramali- Fluctuating-Downward 0.7 BAD
CY_11 Paphos F'“Ctuzzi:tge'raop‘:‘;::’:ard at 0.5 GOOD
CY_12 Letimvou-Giolou Steady-Upward 0.1 BAD
CY_13 Pegeia Downward 1.1 BAD
CY_14 Androlikou Steady-Upward 0 GOOD
CY_15 Chrisochou-Gialia Downward 0.3 GOOD
CY_16 Pyrgos Downward at coastal parts 0.3 GOOD
\(;\\/((;;Zar(;\e:/fgiiazrr]i(: Downward 6.7 BAD
CY_18 Lefkara-Pachna Downward-Fluctuating 3 BAD
CY_19 Troodos Fluctuating 3 GOOD

Source: WDD, 2011a

Freshwater stress indicators

Water stress is often related to the deterioration of fresh water resources in terms of both
quantity and quality (Hochstrat & Kazner, 2009). Already stressed water resources are
considered more vulnerable to climate changes. The difficulty facing Cyprus in order to meet
water demand either for satisfying drinking water supply or for other purposes such as
agriculture, tourism and industry, due to water stress, indicates the sensitivity of the sector
to climate changes.

Following, the indicators used for the quantification of future water stress caused by the
decreased quantity of available freshwater resources in Cyprus are presented. It is noted
that, these indicators refer exclusively to the exploitation of freshwater resources, while non
freshwater resources (desalinated water, recycled water) are not taken into account.
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Freshwater availability per capita

The Falkenmark Water Stress Indicator (Falkenmark, 1989) divides the volume of available
water resources for a country by its population. Its threshold values indicate that water
availability of more than 1,700m3/capita/year is defined as the threshold above which water
shortage occurs only irregularly or locally. Below this level, water scarcity arises in different
levels of severity. Below 1,700m3/capita/year water stress appears regularly, below
1,000m3/capita/year water scarcity is a limitation to economic development and human
health and well-being, and below 500m3/capita/year water availability is a main constraint
to life. However, the above index does not take into consideration the available amount of
non-freshwater resources in a country.

The Water Stress Indicator (WSI) per capita was calculated for the part of Cyprus which is
under Government control, by dividing the average annual quantity of available freshwater
resources (surface water stored in reservoirs and groundwater) in the free part of Cyprus
(2000-2010) by the population of the Republic of Cyprus. Given that there were available
data on population from two censuses (2001, 2011), their average was used for the
estimation of WSI in order to best reflect the population of the period under examination. In
addition, the respective WSI for the future period (2021-2050) was calculated based on the
projections made in Sections 2.2.2.1 and 2.2.3. The estimated current and future WSIs were
284 m*/c/y and 195 m?/c/y respectively, both of which are considered very low, indicating
that it is not possible for the case of Cyprus to rely exclusively on freshwater resources in the
current situation and even more in the future.

available freshwater resources (avg.2000 —2010) 217 Mm3

WSI t= =
curren population (avg. 2001 — 2011) 764,231
= 284 m3/capita /year
available freshwater resources (avg.2021 — 2050) 184 Mm3
WSIfuture = _ -
population (avg.2021 — 2050) 943,471
= 195m3 /capita /year

Water Exploitation Index

One relatively straightforward indicator of the pressure or stress on freshwater resources is
the Water Exploitation Index (WEI). It relates water availability and water use and is defined
as the ratio of annual water withdrawal from ground and surface water to the total
renewable freshwater resources. Hence high water stress indices can either be caused by
low availability and/or excessive high water demand (EEA, 2010b).

total freshwater abstractions

total renewable resources

A WEI above 20 % implies that a water resource is under stress and values above 40 %
indicate severe water stress and clearly unsustainable use of the water resource (Raskin et
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al., 1997). As shown in Figure 2-10, the WEI of Cyprus for the year 2007 was 64%, which is by
far the highest WEI value among the European countries.

Total abstraction per Year/Long term renewable resource

0 10 20 30 40 50 60 70 %
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Note: Annual total water abstraction as a percentage of available long-term freshwater resources around 1990
(WEI-90) compared to latest year available (1998-2007) (WEI-Latest Year).

(WEI Latest year, WEI-90) = Cyprus (2007, -); Belgium (2005, 1994); Spain (2006, 1991); Italy (1998, -); Malta
(2007, 1990); Turkey (2001, 1990); Germany (2004, 1991); Poland (2005, 1990); France (2006, 1991); Portugal
(1998, 1990); Estonia (2007, 1990); Greece (2007, 1990); UK* (England/Wales) (2006, 1990); Czech Republic
(2007, 1990); Netherlands (2006, 1990); Lithuania (2007, 1990); FYR, of Macedonia (1990, 2007); Bulgaria (2007,
1990); Hungary (2002, 1992); Switzerland (2006, 1990); Austria (1999, 1990); Denmark (2004, 1990); Luxembourg
(1999, -); Slovenia (2007, 1990); Romania (2007, 1990); Finland (1999, 1990); Ireland (2007, 1994); Sweden
(2007, 1990); Slovakia (2007, 1990), Latvia (2007, 1991); Iceland (2005, 1992); Norway (-, 1985)

Figure 2-10: Water exploitation index (WEI) in Europe (1990-2007)
Source: EEA, 2010c

Water availability index

The Water Availability Index, WAI (Meigh et al., 1999) takes into account surface water and
groundwater resources, and compares the total amount to the demands of all sectors, i.e.
domestic, industrial and agricultural demands. The index is normalised to the range —1 to +1.
A score of —1.0 indicates that there is negligible water available to meet demands, whilst a
score of 0.0 indicates that the available water meets the demands and a score of 1.0
indicates that the available water is much greater than the demands (WSM, 2004). In the
case of Cyprus, WAI is estimated to be approximately -0.1 for the period 2000 — 2010
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(WDD*) and -0.26 for the period 2021-2050, indicating that the demand is higher than the
availability of freshwater sources and that this inadequacy will be magnified in the future.

available freshwater resources —demand 217 Mm3 — 249 Mm3

WAI t= =
curren available freshwater resources + demand 217 Mm3 + 249 Mm3
= —0.07
available freshwater resources — demand 184 Mm3 — 311 Mm3
WAIfuture = =

available freshwater resources + demand ~ 184 Mm3 + 311 Mm3
=—0.26

Decreased precipitation and increased evapotranspiration due to temperature increase led
to decreased water availability, while the increase in demand due to population increase
and the rising of living standards added an extra pressure in the already limited freshwater
resources. From Figure 2-11 it can be seen that water demand exceeded available
freshwater resources in the period 2000-2010, 7 out of 11 years.
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Figure 2-11: Water demand and freshwater resources in Cyprus for the period 2000 — 2010

Source: WDD*

Taking into consideration the above, Cyprus’ water availability is considered to have very
high sensitivity to current and future climate changes, as the quantity of water resources is
directly linked with changes in rainfall and evapotranspiration resulting in increased flow
variability, limited water supply safety and overexploitation of freshwater resources.

Furthermore, water availability in Cyprus is considered to have very high exposure to
climate changes, as the reserves of all reservoirs and the majority of groundwater bodies in
Cyprus has been already reduced and are expected to be further reduced in the future.

4 Unpublished data provided by Mr. Dimitriou Charalambos, Water Development Department of the Ministry of
Agriculture, Natural Resources and Environment
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2.4.1.2 Assessment of adaptive capacity

In Cyprus the continuous expansion of population and industry resulted in the increase of
water demand, while the impacts from climate change have reduced the country’s water
supply. In order to combat this gap, several measures, plans and water works have been
implemented by the Government. The Programme of Measures defined in the Cyprus River
Basin Management Plan includes inter alia measures which are expected to reinforce
Cyprus’ adaptive capacity to the decreasing availability of freshwater resources and thus to
climate change.

The adaptation measures as well as their status of implementation are presented in Table
2-12, while in the following sections a brief assessment of the effectiveness of the main
measures is conducted.
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Table 2-12: List of measures to adapt Cyprus' water management to climate change impacts

Legall
Adaptation measures Implemented Planned Prescriptive b'ngd'ny Incentives
inding

Measures to increase freshwater supply

Reservoirs

Inter-basin water transfer

Artificial recharge of aquifers

X | X | X| X

Water import
Diversification of water resources utilisation

Water reuse X X

Desalination X

>

Stormwater harvesting

Measures to decrease water consumption

Replacement of networks

Water allocation/cuts
Use of water meters

Land consolidation

X| X| X| X| X

Increasing efficiency of irrigation

X X[ X[ X[ X| X

Control groundwater abstractions

Changes in crop patterns X X X

Awareness raising campaigns X X

Economic/legal instruments
Subsidies X X X
Water pricing X X

Over consumption penalties X X

Other instruments

Improving forecasting, monitoring, information - alert system X X
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2.4.1.2.1 Measures to increase freshwater supply
Reservoirs

The capacity of dams has significantly increased since 1960 from 6 Mm? to 332 Mm? (Figure
2-12). As a result, the accumulated storage capacity in 2010 was able to cover 4 times the
average annual dam inflow of the period 1987-2010 (78.5 Mm?). This practice has reached
physical limits as favourable sites are not available and even more because, as presented in
previous sections, there is no increasing trend in precipitation and natural run-off expected.
However, main aim of the construction of a plethora of dams is to capture as must as
possible of the surface runoff and to eliminate water losses to sea.

350 332
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200

150

Dam capacity (Mm?3)

100

50

Figure 2-12: Accumulated capacity of dams in Cyprus for the period 1958 — 2010

Inter-basin water transfer

The interconnection of reservoirs and conveyor systems allows distribution of water across
the island and offer some flexibility in operation. Existing water infrastructure involves large
inter-basin transfers in the South-South-eastern (South Conveyor Project - SCP) and in the
South West-Western (Pafos Irrigation Project) parts of the island. This allows for
considerable flexibility in water management and allocation in most areas.

Exploitation of water resources

The major water supplier among the GWW in Cyprus is the Southern Conveyor System
which supplies approximately 76% of the total water supplied by GWW, followed by the
Pafos WW which supplies 16% of the water and the Chrysochou WW which supplies 7% of
the water while about 1% is supplied by other GWW (WDD, 2009a).

It is considered that the Southern Conveyor System in conjunction with the desalination
plants of the area satisfy the drinking water demand of Nicosia, Limassol, Larnaca and the
area of Famagusta which is under government control, as well as the irrigation water
demand of 14,000 ha of agricultural land. In addition, the Vassilikos-Pentaschinos project
was developed in order to supplement with irrigation water the agricultural development of
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the area and to augment the domestic water supply of Nicosia, Larnaka and Famagusta
districts (WDD, 2011a— Annex VII).

The Pafos WW today in conjunction with the operation of the desalination plant at Kouklia is
considered to fully satisfy the demand in drinking water of the greater area of Pafos, Pegeia
and of some semi-mountain communities including the area of Pissouri. In addition, it
satisfies the water demand of the Pafos irrigation area which, has been substantially
reduced compared to the initial estimations (WDD, 2011a— Annex VII).

A critical issue focuses on the supply with drinking water of the greater area of Chrysochou
at the northwestern part of the island. The area which already presents significant amounts
of water consumption, is developing rapidly both with touristic infrastructure and with
holiday residences. In addition, a potential direct road connection with Nicosia must be
taken into account, as it will lead to further water stress caused by developmental pressures.
As far as the supply in irrigation water in the greater area of Chrysochou is concerned, this is
less compared to the originally planned amount of irrigation water which would be
necessary to satisfy the demand of the recorded irrigated areas. However, no deficits are
reported since the area has undergone major land use changes mainly from rural to urban
use (WDD, 2011a— Annex VII).

In addition, the Pitsilia Integrated Rural Development Project refers to a series of water
works in the mountain and semi-mountain area of Troodos, which belong to the districts of
Nicosia, Larnaca and Limassol. This project had as a goal to prevent the abandonment and
desertification of rural areas due to internal migration. However, the recorded irrigated
areas are more than double compared to the dimensioning of the water works. Respectively,
the conservatively estimated water supply from the Pitsilia WW is three times smaller
compared to the estimated water demand of the irrigated areas. According to the
abovementioned facts, it is obvious that the total water demand in the area of Pitsilia cannot
be satisfied exclusively by the available water works (WDD, 2011a— Annex VII).

Following, a map of Cyprus depicting the major Government Water Works and the
respective irrigated areas is presented.
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Figure 2-13: Major Government Water Works in Cyprus
Source: WDD

Artificial aquifer recharge

The construction and operation of a large number of dams in conjunction with the increasing
demand and abstractions, has led to reduced natural recharge of downstream aquifers.
Artificial recharge includes all works relating to the deliberate acceleration of recharge rate
of aquifers from surface water sources and constitutes a key priority in the management of
groundwater resources in Cyprus. However, it must be mentioned that in order to fully
replenish the water lost from the aquifers it is expected to take at least 12 years assuming
that no water is being extracted from the aquifer during that period.

Water import

Emergency water was shipped into the island from Greece during summer 2008. This
unprecedented action was vital to supply Limassol with drinking water and earmarked the
extraordinary severity of the drought. A total of 8 Mm® was planned to be delivered from
June to November for a total expenditure of around 40 million EUR. In fact the daily delivery
was only 35,000 m>. According to the Water Development statistics, the imported amount in
2008 was 3.3 Mm? (Hochstrat & Kazner, 2009).
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2.4.1.2.2 Measures for the diversification of water resources

The use of non conventional water resources such as desalinated water, treated water from
WWTPs, grey water and stormwater in water supply for various uses can substantially
alleviate the pressures on the freshwater resources which are already high in Cyprus (see
Section 0: Freshwater stress indicators). Following, the progress made so far in Cyprus
regarding the use of non conventional water resources is presented.

Desalination

Desalination constitutes a secure source for safe drinking water supply, once demand
management measures are fully implemented. Government policy of Cyprus is the complete
independence of the water supply of the urban and tourist areas from rainfall and the
satisfaction of the maximum demand during the summer period, using desalination plants.
Within this framework, the Water Development Department put in operation 5 Permanent
Desalination Plants by 2012, with a total production of 252,000 m3/day. The contribution of
desalination plants to domestic water supply for 2010 amounted to 65% which equals 55.5
Mm?® (WDD, 2011a). During the period 2021-2050, when the estimated average water
demand from the domestic sector is estimated to be approximately 86Mm3/year (see
Section 2.2.3), the total (existing and planned) desalination capacity (92Mm3) is expected to
outreach domestic water demand by 7%. However, as mentioned earlier, not all population
in Cyprus has access to desalinated water and thus domestic water demand is not possible
to be fully satisfied by desalinated water.

In addition, desalination is an energy intensive process producing a residue (brine) that must
be carefully treated and disposed in order to prevent environmental degradation. Hence,
desalination could be considered a mal-adaptation measure unless certain requirements are
taken into account, such as the use of renewable energy and the proper treatment and
disposal of brine produced.

Use of treated municipal effluents

The use of treated wastewater provides additional drought-proof water supply, favours a
more local sourcing of water and avoids the use of high quality water sources where this is
not necessary. The potential for water reuse depends on the availability and accessibility of
wastewater, hence the wastewater infrastructure, and the acceptability by potential end-
users and consumers. Providing recycled water for irrigation through Government Water
Works, began in 1998, with a small amount of around 1.3 Mm? and reached 12 Mm?in 2010,
from which 9 Mm?® was supplied for irrigation and about 3 Mm?® for artificial recharge of
aquifers.

There is an immense potential for growth of water reuse practices driven by both the
demand for water and the increasing volumes of treated effluent. Aiming for compliance
with the Urban Wastewater Treatment Directive (91/271/EEC) requirements, the
wastewater collection and treatment infrastructure is being significantly expanded and
upgraded. The capacity of the new Waste Water Treatment Plans in 2012 amounted to 59
Mm3 per year and will reach up to 65 Mm? per year over the medium term (2015) and 85
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Mm?3 for long-term (2025)(WDD, 2011a- Annex VII). Assuming that the WWTP capacity
represents approximately 130% of the average actual wastewater treated on an annual basis
as WWTPs usually work under full capacity, it is expected that the amount of recycled water
which will be produced in 2025 (65Mm?) is expected to satisfy 43% and 34% of today’s and
future agricultural demand, respectively.

In general, the treatment of wastewater in Cyprus includes tertiary processes followed by
filtration. Treated wastewater is used for the irrigation of green spaces, athletic fields and
crops (excl. edible raw vegetables) as well as for aquifer recharge. Further treatment of
certain quantities of the effluent with the process of reverse osmosis (RO) is under
consideration, in order for water salinity to be reduced and the final effluent to be used for
the irrigation of sensitive soils and crops. At the same time, the reverse osmosis process is
expected to enable the integrated management of all irrigation water resources. However,
the application of reverse osmosis presents some disadvantages, such as the high costs for
the construction and operation of RO plants, and more significantly, the difficulty in
selecting a management option for the brine produced which will be both techno-
economically feasible and socially accepted. For example, the suggestion for thermal
treatment of the brine from the RO plant, which is proposed to be constructed in the area of
Aradippou, is socially acceptable but is quite expensive, while the conventional disposal of
the untreated brine is not considered (WDD, 2011A — Annex VII).

General aim is to use the increasing quantities of treated effluents produced for the
irrigation of the agricultural crops thus substantially alleviating the pressures posed to the
sector due to water scarcity.

Furthermore, treated wastewater is also used in Cyprus for aquifer recharge. So far, treated
wastewater from Paphos and Agia Napa-Paralimni is used for the recharge of Ezousa’s
aquifer. The expansion of this measure to the aquifer of Kiti and Kokkinochoria is under
investigation as well. This will be decided on the basis of the quality of the treated (WDD,
2011A — Annex VII).

Aquifer recharge offers an opportunity to store water in order to use it in periods of
decreased availability and/or increased demand. However, there is stakeholder opposition
to groundwater recharge due to water quality concerns related to the risk of drinking water
resources pollution. However, it must be mentioned that discharges of industrial waste are
not allowed to the municipal wastewater collection system. Given that the quality of
reclaimed water has always been an issue, the problem of micro-pollutants has to be
considered. Though reclaimed water has to be analysed for bulk parameters and selected
metals, no organic micropollutants are being monitored so far (Hochtsrat & Kazner, 2009).

Stormwater use

The use of storm water can result in further savings in fresh water consumption. The last
two decades, a separate drainage system is being developed in Cyprus in order to collect
stormwater. So far, the drainage network in the majority of the big urban centres of Cyprus
has been completed.
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Furthermore, the Sewerage Board of Limassol-Amathus in cooperation with the five
municipalities of the Greater Limassol area as well as the wider area of Paphos began the
implementation of Sustainable Urban Drainage Systems (SUDS). SUDS are actually a
sequence of management practices, control structures and strategies designed to efficiently
and sustainably drain surface water. Up to now, no suitable measures have been identified
for the case of Larnaca due to its topography (low-lying area).

Further research must be made on this field for the evaluation of the potential use of storm
water. In this framework, a study was conducted by the WDD (WDD, 2009b) in order to
explore the potential use of storm water.

Reassessment of water availability

Taking into account the measures undertaken so far in Cyprus for the diversification of water
resources as well as the planned ones that are expected to be in place in the future period
under examination (2021-2050), the freshwater stress indicators estimated in Section 2.4.1.1
could be reassessed as water stress indicators (including both freshwater and non
freshwater sources) in order to estimate adaptive capacity. In specific, the estimated future
Water Stress Index (WSI) which includes the contribution of desalinated and recycled water
is:

available freshwater resources (avg.2021-2050)+ non freshwater resources

WSIfuture = - =
population (avg.2021—2050)
184 Mm3+ 157Mm3
= 361m3/capita /year
943,471 /capita [y

Considering that the estimated current and future WSIs were 284 m®/c/y and 196 m?®/c/y
respectively, the new WSI for the future period which includes both freshwater and non-
freshwater resources (361 m>/c/y) appears to be substantially increased, however still below
the lowest limit of 500 m>/c/y.

The future Water Availability Index (WAI) which includes the contribution of non-freshwater
resources to the available water resources is:

WAIfuture
available freshwater resources + non freshwater resources — demand

available freshwater resources + non freshwater resources + demand

_ 184 Mm® + 157 Mm3 — 311 Mm® _ 0.046
"~ 184 Mm3 + 157 Mm3 + 311 Mm3

Considering that the estimated current and future WAIs were -0.1 and -0.3 respectively, the
new future WAI which includes both freshwater and non-freshwater available resources (-
0.05) appears to be substantially increased, however still below the score of 0.0 which
indicates that the available water meets the demands.

2.4.1.2.3 Measures to decrease water consumption

Replacement of networks
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Water losses in domestic water distribution networks, mainly in rural areas, are quite high.
The “unaccounted for” water in the main urban domestic supply distribution networks is
estimated in the range of 15 to 20% and about 20 to 30% in the rural areas. Therefore, an
additional effort should be made for the timely identification and replacement of defective
pipes and for developing a more conscious attitude towards water conservation.

Water saving from the replacement of networks is expected to be very important compared
to other possible water saving measures. From research conducted during the period 2009 —
2010 for the Water Supply networks of the municipalities (that does not belong to Water
Supply Boards), more than 80% of the networks have been replaced for the 63.4% of the
municipalities (WDD, 2011c).

Improving water use efficiency in irrigation

A Water Use Improvement Project has been implemented by the Department of Agriculture
since 1965. According to this project, the government provided farmers with technical and
financial assistance to turn from traditional surface irrigation methods to modern irrigation
methods. The progress in the irrigation efficiency from less than 45% in 1960, reached 71%
in 1980, 80% in 1990, 84% in 2000 and 90-95% in 2010. The on-farm irrigation systems
comprise 90% micro-irrigation, 5% sprinkler irrigation and 5% surface irrigation (WDD,
2011c).

The Water Efficiency Index allows the monitoring of progress in terms of the water saved as
a result of demand management by reducing loss and wastage during both the transport
and use of water. It is subdivided into total and sectoral efficiency (drinking water,
agriculture and industry). In Cyprus water efficiency in irrigation is lower in comparison to
that of drinking water (Figure 2-14). As shown in Figure 2-15, total water use efficiency in
Cyprus rose from 65% in 1995 to 82% in 2005-2010. In addition, in the same figure it can be
seen that Cyprus is placed among the first two countries as regards water use efficiency
(Plan Blue, 2011).

Zs ) 50%
[I R ﬂ nHR v DW Efficiency I-I irr, Efficency
2 T G 7 _

Figure 2-14: Water use efficiency in two sectors (drinking water and irrigation) in 2010

Source: Plan blue, 2011
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Figure 2-15: Total water use efficiency in Mediterranean countries (1995, 2005-2010)
Source: Plan blue, 2011

Water allocation

Water allocation mechanisms under drought conditions (water rationing) have been
established to provide priority to maintaining domestic and municipal water supplies. The
second priority is to maintain supplies to perennial crops at 80% of the recommended
application levels. Seasonal vegetable crops constitute the third priority. The water cuts in
irrigation from the South Conveyor System during the period 2000-2010 ranged from 10% to
90% with the exception of 2004 where the water cuts were equal to zero. The cuts in the
drinking water supply ranged from 13% to 23% for the same period (WDD, 2011c).

Control groundwater abstractions

The Law on the Integrated Water Management 79(1)/2010 which has been enforced in
Cyprus since 2010, sets the requirements for the granting of permissions regarding borehole
drilling and pumping. The Law also foresees the installation and monitoring of water meters
in boreholes, in order for the quantities of water pumped not to exceed the limits set. It is
expected that with the new Law a considerable number of violations, that have been made
in the past, will be eliminated. Furthermore, a proposed amount of annual abstraction from
each aquifer is set in order to establish a positive balance between natural recharge and
abstractions.

Use of water supply meters

Metered supply allows users to observe their consumption and to follow up effects of water
saving measures. The installation of individual water supply meters from the drinking water
consumers in Cyprus is almost catholic, while for irrigation purposes it is restricted mainly in
areas supplied with water from Government Water Works or from boreholes in certain
groundwater bodies that are under Special Water Savings Measures. It has been observed
that only the introduction of water meters could achieve water savings of 10 — 25% of the
total consumption (WDD, 2011c).
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Land consolidation

Land consolidation constitutes another measure which is directly linked with the decrease in
water demand, through the reduction in the fragmentation of agricultural holdings, the
opportunity for scale economies in irrigation works and the achievement of significant water
savings. Since 1969, 62 out of 73 submitted consolidation plans referred in irrigated land and
3 in mixed, irrigated and rainfed land. In addition, another 12 plans are in progress and 27
under examination, both referring in irrigated land.

It is difficult to estimate the efficiency of the consolidation of small pieces of irrigated land
and its contribution as a water saving measure. However, irrigated areas that have been
consolidated have shown increased irrigating efficiency mainly because the application of
improved irrigation systems is more feasible in that case, thus resulting in savings in
irrigation water (WDD, 2011c).

Water pricing

The water pricing system, as applied today in Cyprus, is not considered to be an effective
tool for achieving water savings. It was found that there is no elasticity in water demand in
relation to its current price, both in drinking and irrigation water, as the variations in water
prices had not affected average water demand. Actually, reductions in water demand were
observed during periods of intense water scarcity, which is attributed mainly to the raising
awareness campaigns. It must also be mentioned that with the introduction of the new
desalination plants, the costs of water production and supply will change significantly and
the pricing system will move to a new balance. For that reasons, the Water Development
Department has assigned a study for the implementation of appropriate pricing policies of
water services as well as for the implementation of penalty charges for overconsumption
(quota system). The current pricing system as well as the proposed one is presented below
(WDD, 2011a — Annex Il):

— Supply of drinking water from Government Water Works: So far, drinking water is
supplied from Government Water Works to all Districts for a fixed price (the same
price was charged to all Districts except Pafos District). The Water Supply Boards,
Municipalities and Municipal Boards in their turn charged different block tariffs for
the further distribution of water. The new pricing policy is based on increasing block
rates and on the full recovery of cost (including the environmental and resource
cost).

— Supply of freshwater for irrigation from Government Water Works: For the supply of
irrigation water, lower prices have been set for uses of high social value (e.g.
agriculture) and higher prices for uses of lower social value (e.g. golf courses). The
pricing system of irrigation water is based on a two part tariff, the first one being a
fixed price reflecting the fixed costs and the second one being a variable cost
(volumetric pricing) reflecting the variable costs. However, as a large part of the
charge could be covered from the fixed charge, the system was considered
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ineffective in preventing excessive water use. For that reason, the charges with the
new pricing policy were adjusted, reducing fixed cost to 15% of the initial price.

— Supply of recycled water for irrigation from Government Water Works: The use of
recycled water in irrigation is encouraged, as the charging of this source does not
enhance the cost of its production and supply. In order to further promote the use
of recycled water with the new pricing system, its price is proposed to be set at 75%
of the freshwater price.

— Drinking water outside GWW: So far water from private boreholes is not charged.
With the new pricing policy, the abstraction of groundwater will be charged, taking
into account the environmental and resource cost of groundwater.

It is expected that with the implementation of the new pricing policy additional water
savings will be achieved.

Subsidies for drinking water savings

The WDD has been offering subsidies in order to reduce drinking water consumption mainly
in households with the use of untreated groundwater or greywater in certain uses as well as
the recycling of hot water. The water-saving subsidies are for (i) the drilling of boreholes for
watering gardens, car wash etc, (ii) the installation of a grey water treatment system for
watering gardens, (iii) the installation of a hot water recirculator and (iv) the connection of
the borehole with the toilet cisterns. In 2009, 1331 applications were approved, the majority
of which (594) were for drilling boreholes (WDD, 2011c).

Awareness campaigns

Awareness campaigns are essential in order to achieve water savings. During the last decade
the awareness campaigns have been intensified by the WDD, with lectures in schools,
advertisements, distribution of informative leaflets and other initiatives. It is difficult to
estimate their efficiency in actual water savings, however a downward trend in water
consumption was observed during the period 2004-2009 when the campaigns have
intensified (WDD, 2011c).

Improving monitoring and forecast

As most problems in the water supply are related to the scarcity of the resource, a close
monitoring of the relevant meteorological parameters and the inflow to the dams has been
established. Yet in urban areas the rainfall stations should be more numerous to better
follow especially heavy rainfall events (Rossel, 2002). The observation of groundwater
resources has been less well attended to in the past, which has led to excessive over-
pumping of aquifers. Improved monitoring networks are required to collect sufficient and
robust data to base an indicator system for the state of the resources on it. The application
of leak detection, real time telemonitoring and tele-control to optimize operation and
maintenance of networks is among the envisaged measures (Hochstrat & Kazner, 2009).
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Table 2-13 lists the demand management measures along with the estimated savings
(Mm3/yr) and the time period (years) used for the estimations. It was estimated that these
measures could save a total of 91.4 Mm?3/yr.

Table 2-13: Water demand management measures and estimated savings

Water savings Data coverage

Measure (Mm*/yr) (vears)
Replacement of water supply networks 33 2000-2010
Use of non-conventional water resources
Recycled water 12.5
Desalinated water 55.5 2005-2008
Stormwater 0
Subsidies for reducing domestic water demand
Borehole drilling 1.3
Borehole connections with toilets 0.3 1997-2010
Grey water recycling 0.03
Hot water circulators 0.05
Water allocation and cuts 41.5 2000-2010
Use of water meters 8 1986-2009
Redistribution of irrigated land 4.4 1991-2009
Irrigation systems 20 1960-2000*
Total 91.4

! Desalinated water supply was not included in the demand savings total.
> The period 1960-1974 include also the Turkish occupied areas.

Source: WDD, 2011c

Many of the measures adopted have already alleviated the problem of water scarcity, as
continuous water supply to the domestic sector has been secured by desalination plants and
significant savings have been achieved in water consumption. As for the future situation is
concerned, the sum of the average estimated freshwater and non-freshwater resources for
the period 2021-2050 (341Mm?) is expected to fully satisfy future water demand from all
sectors, with a marginal surplus though. In specific, it is estimated that the amount of water
produced from the desalination plants will outreach domestic water demand by 7%.
However desalinated water is distributed mainly in the urban centers of Cyprus through
Government Water Works (GWW) while other areas, such as the mountain communities,
depend solely on freshwater resources (mainly groundwater) for meeting their drinking
water needs, which is derived either from GWW or from private boreholes (non GWW). The
percentage of population in Cyprus which is connected to GWW is shown in a study of WDD
(2009a), which reports that during the period 2005-2007 drinking water supply was provided
by 86% from GWW and the remaining 14% by non GWW (WDD, 2009a).
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Therefore, Cyprus’ future adaptive capacity to water availability for domestic water supply in
the plain and coastal areas is considered to be high to very high while the future adaptive
capacity to water availability for domestic water supply in the mountain areas is considered
as limited to moderate.

On the other hand, the measures applied have not yet managed to fully satisfy water
demand for irrigation as agriculture constitutes the main water consumer in Cyprus. Given
that agriculture requires a great amount of water (over 60% of total water demand),
restrictions in water supply for irrigation are a common phenomenon especially during
summer when the water resources are limited. Assuming that the average future (2021-
2050) demand for irrigation water, which is estimated to reach 202.5Mm?> (190Mm? crop
irrigation and 12.5Mm? landscape irrigation), will be satisfied by the available freshwater
resources in the future (184Mm?) and by recycled water (65Mm?), total future water supply
(249Mm’) will exceed future water demand by 23%.

However, water is not evenly distributed whether it is freshwater or recycled water. In
particular, recycled water is distributed through GWW only in the plain and coastal areas
while the sole GWW for irrigation in mountain areas are storage reservoirs which are of
limited capacity and during drought periods their reserves are depleted. This has led farmers
especially in mountain areas to depend on private boreholes (non GWW) in order to meet
their irrigation needs, thus resulting in the overexploitation of aquifers. This is also proved
by the study of WDD (2009a), which reports that during the period 2005-2007 irrigation
water supply was provided by 73% from non GWW (mainly groundwater) and the remaining
27% from GWW (mainly surface water). However, it is considered that since water supply
from GWW has been augmented recently mainly due to the installation of new desalination
plants, the contribution of GWW to the total water supply has also been increased. Finally, it
must be mentioned that recycled water is distributed mainly in the coastal and plain areas
where there is the necessary infrastructure for its transfer while in mountain areas this is not
economical.

Therefore, the future adaptive capacity of Cyprus to water availability for irrigation in the
plain coastal areas is considered as moderate while the future adaptive capacity to water
availability for irrigation in the mountain areas is considered as limited to moderate.

In addition, it is logical to assume that when reaching 2050, freshwater resources will be
further reduced and water demand will further increase compared to the average
estimation for the period 2021-2050, resulting in a higher marginal difference between
water supply and demand or even to a deficit.

However, it must be mentioned again that the projections in future freshwater supply
and demand are rough estimations of the future and that in general, long-term
projections of this kind are characterized by high degree of uncertainty. For these
reasons, it is imposed that a re-assessment of these projections must be made.

Following, additional recommended adaptation measures (Shoukri & Zachariadis, 2012) that
are considered to further enhance adaptive capacity towards this impact, are presented
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indicatively. Nevertheless, their assessment and final selection for implementation will be

made through the use of the Multicriteria Analysis (MCA) tool which will be developed and

implemented in the framework of Actions 4 and 5 of the CYPADAPT project.

— Maintenance and repair of the water distribution systems and related infrastructure

(adoption of technologies for leakage detection and control)

— Prioritization of sea water desalination as an ultimate solution and preferably by

renewable energy

— Installation of water saving equipment (set as mandatory in new buildings)

— Adoption of efficient water consumption standards

— Mandatory greywater recycling for new houses/ buildings

— Collection and use of rainwater

— Enhance water use efficiency in agriculture, households and buildings
— Replenishment of coastal aquifers

— Review of the Water Policy

— Incentives for the reuse of “grey water” in industry

— Control of high water demanding developments in areas of inadequate water

resources (golf courses and tourist developments)

— Preparation of risk assessment studies for water-poor areas threatened by

desertification

— Feasibility studies for water transfer in areas threatened by desertification

— Reduction of irrigated areas on the basis of the potential of each area
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2.4.2 Water quality

2.4.2.1 Assessment of sensitivity and exposure

Water bodies in Cyprus are sensitive to eutrophication, stratification and low levels of
dissolved oxygen as a result of increased water temperatures and decreased water flows
due to reduced precipitation. In addition, heavy precipitation events and flooding adversely
affect water quality. The reduction in the recharge rates due to reduced precipitation is
more intense in the case of groundwater bodies, thus being more sensitive to climate
changes. In addition, coastal aquifers are highly sensitive to salinization due to sea intrusion
caused by their over-exploitation.

Considering the above, it was estimated that surface water bodies have moderate to high
sensitivity to pollution due to climate changes while groundwater bodies have high to very
high sensitivity.

In order to examine the exposure of water to future climate changes that could deteriorate
its quality, first the climate changes of decreased precipitation and increased droughts, the
increase in heavy precipitation events, the increase in surface water temperature and the
sea level rise in Cyprus in the future (2021-2050) will be presented.

According to the PRECIS model, all north coasts and especially Karpasia peninsula are
expected to receive less annual total precipitation in the future than that estimated for the
recent past years 1961-1990. In all other parts of Cyprus, the annual total precipitation
appears to have minor decreases or no changes at all. The only region with an increase in
total annual precipitation, minor though (up to 5mm), is the area east from Paphos.
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Figure 2-16: Changes in annual total precipitation between the future (2021-2050) and the control
period (1961-1990)
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As far as the length of drought periods (consecutive days with precipitation<0.5mm) in the
future (2021-2050), it is anticipated that the western coastal and higher elevation regions of
Cyprus, as well as the Karpasia peninsula and the area of Ayia Napa, will have slight
decreases or no changes in the maximum length of drought periods. On the other hand, the
central part of Cyprus will face an increase in the maximum length of drought. In particular,
the increase of this index will be about 15 days/year in the continental areas near Nicosia
and Larnaca and approximately 20 days/year in the eastern part of Troodos (north from
Limassol).
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Figure 2-17: Changes in maximum length of dry spell (RR<0.5mm) between the future (2021-2050)
and the control period (1961-1990)

As for the heavy precipitation events in the future (2021-2050), the PRECIS model showed
that there will be no significant changes to the annual maximum total precipitation over one
day (heavy rainfall index). In particular, a slight increase of about 2-4 mm is anticipated in
western, inland and mountain regions. Additionally, southern and southeastern areas
present an increase of about 1 mm.
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Figure 2-18: Changes in annual maximum total precipitation over 1 day between the future (2021-
2050) and the control period (1961-1990)

As for changes in water temperature, these were related to the changes in air temperature.
Projections for the period 2021-2050 according to the PRECIS model indicate that the
average change in annual maximum temperature (TX) will range from +1.0°C at the eastern
and northern coasts to +2.0°C in higher elevation areas and especially at the southwestern
side of Troodos. The lowland and continental areas in the central part of the country present
also notable changes in the average annual TX (mainly more than +1.5°C), followed by the
western and southern coasts with a temperature increase limited to 1.3-1.7°C. It is
considered that rivers and storage reservoirs with low flows will be more exposed to
changes in air temperature due to their lower specific heat capacity. In general, it is
expected that water temperature will rise as air temperature rises, with a slower rate
though.
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Figure 2-19: Changes in average annual maximum TX between the future (2021-2050) and the
control period (1961-1990)

Sea level changes in Cyprus as observed during the period 1993 and 2000 show an increase
of 5-10 mm/year. Taking into consideration the land lift up of 0-1 mm/year that Cyprus is
experiencing, the future exposure of Cyprus to sea lever rise is considered as moderate.

The exposure of the quality of water bodies in Cyprus will be also estimated based on their
existing qualitative status, given that the water bodies that are already in bad qualitative
condition are considered more vulnerable to climate change impacts. In the following
sections the qualitative status of Cyprus’ water resources for each type of water body is
presented in order to assess their exposure.

2.4.2.1.1 Surface water bodies

Status of river water bodies
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Based on the results of the monitoring program of Cyprus’ water bodies, 68 out of the 216
river water bodies (31.5%) were classified in the category of good ecological status / good
ecological potential, 76 (35.2%) in moderate, 16 (7.4%) in poor, 3 (1.4%) in bad, while 56
river water bodies (24.5%) remained unclassified (Figure 2-20).
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Figure 2-20: Ecological status of river water bodies, (%) number of bodies

Source: WDD, 2011a

Concerning the chemical status of the river bodies, 71.3% were classified in the category of
good chemical status and only 4.2% in less than good chemical status, while 24.5% remained
unclassified (WDD, 2011a).

Status of lake water bodies

Based on the results of the monitoring program of Cyprus water resources, 10 lake bodies
(56%) were classified in the category of good ecological status, 6 (33%) in moderate status, 1
(5,5%) in bad status while 1 (5,5%) was not ranked in any category (Figure 2-21).
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Figure 2-21: Ecological status of lake water bodies, (%) number of bodies

Source: WDD, 2011a

Concerning their chemical status, 72.2% of the lake bodies were found to be in a good
chemical status and only 16.7% in a less than good chemical status (5% of the total area of
the lake bodies) while 11.1% remained unclassified (WDD, 2011a).
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In the following figures (Figure 2-22 and Figure 2-23), the ecological and chemical status of
river and lake bodies of Cyprus are depicted in the form of maps.
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Figure 2-22: Map of the ecological status of river and lake bodies in Cyprus

Source: WDD (7)
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Figure 2-23: Map of the chemical status of river and lake bodies in Cyprus

Source: WDD (8)

As it can be seen, the majority of river and lake bodies of Cyprus were classified in a good or
moderate ecological and chemical status.

Status of coastal water bodies
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According to data provided from the Department of Fisheries and Marine Research of
MANRE, all 25 coastal water bodies were found in good or high ecological status or good
ecological potential. Similarly, their chemical status was good (WDD, 2011a).

Sensitive water bodies to pollution from wastewater

Furthermore, in Cyprus two surface water areas, in which direct or indirect disposal of urban
waste water takes place, have been identified as sensitive according to the Directive
91/271/EEC. The criteria for the characterization of surface waters as sensitive are the
eutrophication or risk of eutrophication, the increased presence of nitrates in water
intended for human consumption and the need for further processing to meet requirements
of other Directives. These areas are the ‘Polemidhia Storage Reservoir’ and the ‘Coastal Area
between Cape Pyla and Paralimni’ (see Figure 2-26) (WDD, 2011a — Annex |).

Pollution potential of surface water bodies

Following, the Surface Water Vulnerability (SWV) Index as it was estimated for the case of
Cyprus in the framework of the Pig Wasteman project (LIFE Third Countries) is presented.
The SWV Index defines the pollution potential of a surface water body and is based on four
basic parameters of equal weight, among which one is a climate parameter. The parameters
used are the quantity of annual rainfall inducing runoff, the texture of soil which affects the
runoff coefficient, the topography in terms of the slope of site from the pollution source
toward the surface water, and the distance from the pollution source to the nearest surface
water. The higher the index is, the greater the relative pollution potential (PigWasteMan,
2007). As it is shown in the figure that follows, the surface waters most vulnerable are
located in the central and north-western part of Cyprus.
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Figure 2-24: Map of surface water vulnerability to pollution

Source: PigWasteMan, 2007
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Considering the existing situation of surface water bodies as well as their exposure to future
climate changes that are expected to affect them, it is estimated that the exposure of
surface water bodies to pollution is limited to moderate.

2.4.2.1.2 Groundwater bodies

The main matters which have arisen from the results of the monitoring of groundwater
quality in Cyprus, were the increased nitrate and chloride concentrations (above the limits)
which were found in seven water bodies, while another water body in Paphos is stll under
investigation. In addition, increased concentrations of sulphates, ammonium, arsenic,
pesticides and increased conductivity were found in several groundwater bodies (see

Figure 2-25). The main causes of pollution in Cyprus are agriculture, seawater intrusion and
wastewater disposal, while industry constitutes a less significant source of pollution as the
number of industries in Cyprus is limited. Moreover, the quality of groundwater in Cyprus is
affected by natural causes like geological formations which release sulphate and chloride

salts of sodium and boron.
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Figure 2-25: Excess values of selected parameters in the groundwater bodies of Cyprus

Source: WDD, 2011 — Annex VII

Furthermore, five (5) areas in Cyprus which drain into waters vulnerable to pollution from
nitrogen compounds have been declared as Vulnerable Nitrate Zones (VNZ), according to the
Directive 91/676/EEC. The five areas are the aquifers of Kokkinochoria, Kiti-Pervolia, Akrotiri,
Paphos and Poli Chrisohous, and cover a total area of 419 km”. By the end of 2010 another
VNZ, that of Orounda, has been delineated within the Western Mesaoria Groundwater Body.
According to the available data, the total agricultural area that is located in vulnerable zones
is approximately 200 km?. Approximately 80% of this land is irrigated with intensive
agricultural practices taking place (GSD, 2008). Figure 2-26 shows the designated Vulnerable
Nitrate Zones and Sensitive Areas in Cyprus.
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Figure 2-26: Vulnerable Nitrate Zones and Sensitive Areas in Cyprus

Source: WDD (9)

As regards to aquifer salinization, the aquifers located at the coasts — i.e. all major aquifers
of Cyprus - are exposed to seawater intrusion and especially those located in low-lying areas
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(e.g. Larnaca). As a result, 12 out of 19 groundwater bodies in Cyprus have been exposed to
saline intrusion while the coastal zones of several aquifers in Cyprus have been abandoned
due to this phenomenon. It must also be noted that a potential sea-level rise would increase
the amount of seawater intruded into freshwater aquifers.
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Figure 2-27: Salinization in the groundwater bodies of Cyprus

Source: WDD, 2008

To sum up, from the monitoring of the 19 groundwater bodies during the period 2000-2008,
8 groundwater bodies (42%) were characterized according to the Water Framework
Directive as in bad qualitative condition, based on the results of chemical analysis in the
salinity levels and/or the levels of pollutants present in the groundwater bodies (Table 2-14).
In other words, the quality of groundwater bodies can be characterized as moderate to bad.

Table 2-14: Qualitative status of groundwater bodies

Saline High concentrations

Groundwater body . . Condition
intrusion and/or excess
CY_1 Kokkinochoria YES Cl, SO4, NO3, NH,4,EC BAD
CY_2 Aradippou Gypsum NO GOOD
CY_3 Kiti-Pervolia YES Cl, NO;s, EC, Pesticides BAD
CY_A4 Zigi-Softades YES Cl, SO,4, NO3, EC BAD
CY_5 Maroni Gypsum NO Pesticides GOOD
;I;(Egstglrl]zn—Calo Chorio & Chirokitia NO As,NH, Pesticides GOOD
CY_7 Germasogeia YES GOOD
CY_8 Limassol YES Cl, NO; BAD
CY_9 Akrotiri YES Cl, SO4, NO3,EC BAD
CY_10 Paramali-Avdimou YES GOOD
CY_11 Paphos YES NO; locally GOOD
CY_12 Letimvou-Giolou NO NH,4 BAD
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Groundwater body . Salin.e High concentrations Condition
intrusion and/or excess
CY_13 Pegeia YES Pesticides GOOD
CY_14 Androlikou NO As GOOD
CY_15 Chrisochou-Gialia YES Cl, NO;, EC BAD
CY_16 Pyrgos YES Cl, NO3, NH, BAD
CY_17 Central and Western Mesaoria YES NH,4 GOOD
CY_18 Lefkara-Pachna NO As, NH, GOOD
CY_19 Troodos NO GOOD

Source: WDD, 2011a (Annex VII)

Taking into account the existing situation of groundwater bodies as well as their exposure to
future climate changes that are expected to affect them, the exposure of the groundwater
bodies in Cyprus to deterioration of their quality is characterized as high to very high.

2.4.2.2 Assessment of adaptive capacity

To protect freshwater from pollution, a wide range of legislation has been established in
Europe. Most notably, the Water Framework Directive (WFD), which represents the single
most important piece of EU legislation relating to the quality of fresh and coastal waters,
aims to attain good ecological and chemical status by 2015. The Programme of Measures
defined in the annual report of the Cyprus River Basin Management Plan (WDD, 2011a —
Annex lll) includes the establishment of regulations or basic measures that should be
implemented in order to achieve the objectives set out for 2015.

2.4.2.2.1 Protected areas

In compliance with the Article 6 of the Water Framework Directive (WFD), Cyprus has
created a register of all areas lying within its river basin district, which were considered
requiring special protection under specific Community legislation for the protection of
surface water and groundwater or for the conservation of habitats and species directly
depending on water. The register includes all water bodies identified under Article 7 of the
WEFD and all protected areas covered by Annex IV of the WFD, namely:

i) Areas designated for the abstraction of water for human consumption in accordance
with the Article 7 of the WFD;

ii) Areas designated to protect economically significant aquatic species (areas
protected under Freshwater Fish Directive 78/659/EEC and Shellfish Directive
79/923/EEC);

iii) Water bodies designated as recreational waters, including areas designated as
bathing waters, in accordance with the Directive 2006/7/EC;

iv) Areas designated as sensitive to nutrient pollution, including areas designated as
vulnerable zones under the Nitrates Directive 91/676/EEC and areas designated as
sensitive areas under the Urban Wastewater Treatment Directive 91/271/EEC;
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v) Areas designated for the protection of habitats or species where maintaining or
improving water status is important for their protection, including the sites of the
“NATURA 2000” network, established under the Directives 92/43/EEC and
79/409/EEC.

Following, each of the aforementioned protected areas in Cyprus are presented.

(i) Areas designated for the abstraction of water for human consumption

The water resources used in Cyprus for drinking water abstraction are surface waters (dams-
reservoirs) and groundwater. The protected areas under Article 7 of the WFD include 5
surface water bodies and 13 groundwater bodies (WDD, 2011a — Annex 1). For each of the
protected areas, in addition to meeting the objectives of Article 4 of the WFD for surface
water bodies, Cyprus is engaged to ensure that, in the applied water treatment regime and
in accordance with Community legislation, the resulting water will meet the requirements of
Directive 80/778/EEC as amended by Directive 98/83/EC on the quality of water intended
for human consumption.

(ii) Areas designated to protect economically significant aquatic species

No such areas have been identified in the river basin district of Cyprus.

(iii) Areas designated as recreational waters, including bathing waters

The harmonization of the national legislation of Cyprus with the Directives 76/160/EEC and
2006/7/EC on the management of bathing water quality was made by the Law on Water
Pollution Control 106(1)/2002, the Decree on Water Pollution Control (Quality of Bathing
Water) 99/2000 and the Law on the management of bathing water quality 57(1)/2008. For
the implementation of Directive 2006/7/EC, Cyprus designated in 2010, 113 bathing water
areas. These bathing water areas refer to almost all coastal water bodies of Cyprus (WDD,
2011a — Annex ).

(iv) Areas designated as sensitive to nutrient pollution, including vulnerable and sensitive

areas

The Directive 91/676/EEC on the protection of waters against pollution caused by nitrates
has been harmonized in the legislation of Cyprus with the Law on Water Pollution Control
No. 106(1)/2002. For the protection of the Vulnerable Nitrate Zones identified in Cyprus, the
Department of Agriculture of MANRE has established (a) a Code of Good Agricultural
Practice as well as (b) an Action Programme to prevent or reduce water pollution from
nitrates.

a) Code of Good Agricultural Practice

The Code of Good Agricultural Practice which has been enacted in Cyprus by the
Presidential Decree No. 263/2007 aims to reduce nitrate pollution from fertilizer use and
livestock waste and the introduction of acceptable practices for the use of recycled
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water in irrigation and municipal sludge in agriculture that protect public health and the
environment. However, the compliance with the guidelines of the code is prescriptive.

b) Action Programme to prevent or reduce water pollution from nitrates

The implementation of the Action Programme to prevent or reduce pollution is already
mandatory in the designated Nitrate Vulnerable Zones (NVZ). According to the action
plan, farmers who use agricultural land located within nitrate vulnerable zones are
required to comply with the relevant provisions of the Action Programme concerning
the use and storage-transport of fertilizers, the use and storage of livestock waste /
sludge, the monitoring and control, the irrigation methods as well as the chemical
analyses.

For the protection of the two sensitive areas designated in Cyprus in compliance with the
Directive 91/271/EEC on Urban Wastewater Treatment, a more stringent treatment of urban
waste water entering collecting systems before discharge into the sensitive areas is required
(WDD, 2011a — Annex ).

(v) Areas designated for the protection of habitats or species depending on water

These protected areas include the areas of Natura 2000 network, when the maintenance or
improvement of water status is important for their protection, and the areas protected by
national legislation. The Natura 2000 network consists of two types of areas, namely the
Special Protection Areas (SPAs) for birds as defined in Directive 79/409/EEC, and the Sites of
Community Importance (SCls) as defined in Directive 92/43/EEC. In Cyprus, 35 areas of the
Natura 2000 network include habitats or species directly depending on water (WDD, 2011a —
Annex |). Figure 2-28 depicts these Natura 2000 areas on the map of Cyprus.

LEGEND W= é— B

Water bodies ®

Coastal
Il Lake

—— River

Natura 2000 network
SPA
SCI
SPA&SCI

Figure 2-28: Map of Natura 2000 areas in Cyprus depending on water
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As it can be seen, a considerable number of river, lake and coastal bodies in Cyprus are
included in the Natura 2000 network.

2.4.2.2.2 Protection from point source discharges likely to cause pollution to water

The legislation of the Cypriot Government referred as “Water Pollution Control Laws 2002-
2009” is the main tool with which all issues related to water pollution control from industrial
and other activities are regulated. Article 6 of the Water Pollution Control Law (No.
106(1)/2002) prescribes that the discharge or disposal of any substances potential to cause
pollution to water and soil is illegal without previous permission. Especially for installations
included in the provisions of the IPPC Directive (large units with significant pollution
potential), the Law No. 56(1)/2003 for Integrated Prevention and Pollution Control is applied.

Furthermore, aiming for compliance with the Urban Wastewater Treatment Directive
(91/271/EEC) requirements, the wastewater collection and treatment infrastructure is being
significantly expanded and upgraded. The capacity of the new Wastewater Treatment Plans
in 2012 amounts to 59 Mm? per year and will reach up to 65 Mm?3 per year over the medium
term (2015) and 85 Mm? for long-term (2025). The pollution load to be treated is set to
675,000 population equivalent (p.e.) of which 80% are generated in urban agglomerations,
which are the greater areas of Nicosia, Larnaca, Limassol and Paphos, and the municipalities
of Ayia Napa and Paralimini (WDD, 2011a — Annex VII).

2.4.2.2.3 Protection of groundwater bodies from salinization

The water policy of Cyprus on the salinization of groundwater bodies, is based mainly on the
prevention of seawater intrusion with the achievement of a positive balance between the
abstractions and recharge, by setting proposed volumes of abstraction for each of its
aquifers according to their quantitative condition. Furthermore, the measures foreseen for
the achievement of a good chemical status of Cyprus groundwater bodies until 2015, in
compliance with the Water Framework Directive, also contribute to this direction.

However, it must be noted that the rehabilitation of a groundwater body heavily affected by
sea intrusion is a very slow process and sometimes almost impossible °. Consequently, the
adaptive capacity of groundwater to salinization is characterized by low likelihood of
reversibility or even irreversibility. Last but not least, it prerequisites the moratorium of
abstractions. The time required may shorten by the application of artificial recharge with
water rich in Ca** (Voudouris et al., 2005).

The implementation of these measures is expected to have a central role in improving
qualitative water status. However, it is recognized that the hydrologic processes are such,

> For the case of the sea intruded coastal aquifers in South Greece, this time was estimated to be some 180-600
years, given the complete cessation of abstractions (Voudouris et al., 2005).
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that it may be many years before protective measures actually lead to improvements in
water quality and thus the adaptive capacity is characterized by delayed reversibility.

Pollution prevention and quality monitoring and restoration of groundwater are even more
difficult than for surface waters mostly due to its inaccessibility. Its “hidden” character
makes it difficult to adequately locate and quantitatively appreciate pollution sources and
impacts, resulting in a lack of awareness and/or evidence regarding the extent of risks and
pressures. In addition, groundwater usually reacts slower than surface water as processes
(movement/pollution) usually take more time in groundwater and subsequently, recharge
and remediation take much more time. Especially in slow moving groundwater, pollutants
can persist indefinitely.

Consequently, it was estimated that the future adaptive capacity of water quality to climate
changes is moderate for the case of surface water and limited to moderate for
groundwater.

Following, additional recommended adaptation measures (Shoukri & Zachariadis, 2012) that
are considered to further enhance adaptive capacity towards this impact are presented
indicatively. Nevertheless, their assessment and final selection for implementation will be
made through the use of the Multicriteria Analysis (MCA) tool which will be developed and
implemented in the framework of Actions 4 and 5 of the CYPADAPT project.

— Proper waste management to avoid surface and ground water pollution
— Sound use of fertilisers and pesticides to protect surface and ground water quality
— Replenishment of coastal aquifers

2.4.3 Floods

2.4.3.1 Assessment of sensitivity and exposure

The distribution of floods according to their flood hazard (very low, low, moderate, high) in
Cyprus in terms of adverse consequences for human health, environment, cultural heritage
and economic activity for the period 1859-2011 is presented in Figure 2-29.
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Figure 2-29: Hazard ranking of flooding events during the period 1859-2011

As it can be seen from the figure above, most of the flooding events in Cyprus are
characterized as of “Very low” hazard (42%) and “Low” hazard (31%), while 4,5% of the
events are characterized as of “High” hazard and only 0,5% as “Very high”.

The damages caused by a flooding event with a given amount of precipitation depend on
four factors: (i) the existing flood protection works, (ii) the degradation of the natural
environment resulting in the increase of flooding runoff volume and the decrease of the
time of water flow, (iii) the intensity of human activity in flood risk areas (exposure) and (iv)
the vulnerability of assets exposed to floods. The current vulnerability of Cyprus regarding
flooding events will worsen with climate changes (WDD, 2011d).

According to WDD, the recorded floods in Cyprus for the period 1859-2011 are characterized
as urban floods (37%), flash floods (20%), river or fluvial floods (16%), pluvial or ponding
floods (13%), or a combination of the above (WDD, 2011d).

The urban centers of Larnaca, Limassol and Nicosia are sensitive to flood risks mainly due to
their dense structuring and the restriction of green space, the elimination of natural
waterways for the construction of roads, the deficient or even absent stormwater drainage
system and the covering of waterways and drain entrances with garbage. On the other hand,
mountain areas are less sensitive to floods, given that the inclination of terrain together with
the infiltration capacity of forested areas do not allow for flooding events to take place. To
sum up, urban areas are considered to present moderate to high sensitivity to floods while
mountain areas present limited sensitivity to floods.

In compliance with the Floods Directive 2007/60/EC, the Water Development Department of
MANRE through its report “Preliminary Flood Risk Assessment” identified 19 areas around
the island as “Areas with Potential Significant Flood Risk”. Those areas have a total length of
135 km and are distributed uniformly to all urban centers of Cyprus (no mountain areas
included). They mainly refer to river parts that pass through built-up areas and are
characterized by frequent and significant flash floods. In addition, the areas of Larnaca,
Tremithos and Alambra are included in order to be taken into consideration in the next 5-
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year planning in case the projected flood protection works in Larnaca and Alabra and the
existing protection zone of Tremithos river bed do not reduce the problem (WDD, 2011d).
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Figure 2-30: Areas with potential significant flood risk in Cyprus

Source: WDD (10)

As it can be seen from the map (Figure 2-30) the areas susceptible to floods are mainly the
urban centers.

The climate projection model used for the case of Cyprus does not provide estimates for the
frequency and intensity of floods in the future. Nevertheless, there is an indicator referring
to the annual maximum total precipitation over one day indicating heavy rainfall, which
could also be associated with flood risk. However, the PRECIS model showed that there will
be no significant changes to this indicator in the future period (2021-2050). In particular, a
slight increase of about 2-4 mm is anticipated in western, inland and mountain regions.
Additionally, southern and southeastern areas present an increase of about 1 mm. It must
be noted though that this indicator alone is not sufficient for estimating flood risk since
other factors play an important role as well.
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Figure 2-31: Changes in annual maximum total precipitation over 1 day between the future (2021-
2050) and the control period (1961-1990)

Considering that the main areas that are expected to be exposed to increased precipitation
intensity in the future, with a minor difference though, are concentrated in the greater area
of Troodos mountain, it is considered that the exposure to floods of the mountain areas of
Cyprus is expected to be moderate while the exposure of urban areas is considered to be
limited.

2.4.3.2 Assessment of adaptive capacity

Cyprus’ adaptive capacity to the increasing frequency and intensity of flooding events can be
estimated by the existing flood protection works and the river protection zones as well as by
the projected plans for the management of future flood risks.

The last two decades, a separate drainage system is being developed In Cyprus in order to
collect stormwater. So far, the drainage network in the majority of the big urban centres of
Cyprus has been completed. Furthermore, the Sewerage Board of Limassol-Amathus in
cooperation with the five municipalities of the Greater Limassol area as well as the wider
area of Paphos began the implementation of Sustainable Urban Drainage Systems (SUDS).
Sustainable Urban Drainage Systems (SUDS) are used for the reduction of flood risks and the
exploitation of stormwater for aquifer recharge. For example, in Limassol the construction of
four stormwater retention ponds is promoted, with a total capacity of 200,000 m>. The first
pond has already been formed in part of the flood protection work west of the port. The
second pond has been scheduled as part of the flood protection works in the area west of
the A’Industrial Zone of Limassol. In the Paralimni lake there is channel system which
controls the water outflow from the lake (flood protection work), recharges the aquifer and
sends water to dam. Moreover, the area of Paphos has been identified as a suitable area for
the implementation of SUDS while for the case of Larnaca due to its topography, no suitable
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measures have been identified. In Nicosia, no such initiatives have been implemented yet
(WDD, 2009b).

In addition, it must be mentioned that storage reservoirs act as a flood control measure as
the water is impounded in the dam and its downstream release is regulated even in the case
of an overflow.

The Law 70(1)2010 on the Flood Risk Assessment, Management and Preparedness, which
harmonizes the Floods Directive 2007/60/EC with the Cypriot legislative framework states
that Flood Hazard maps and Flood Risk maps must be prepared by the end of 2013, while
Flood Risk Management Plans must be prepared by the end of 2015. As it was mentioned in
previous section of this report, the WDD has already implement preparatory steps in
conformity with the EU Directive for the Preliminary Assessment of Flood Risks and has
identified 19 areas in Cyprus as areas for which Potential Significant Flood Risks exist or
might be considered likely to occur. It is expected that the identification of those areas will
motivate the relevant authorities in order to implement all the necessary flood protection
works in the framework of the Flood Risk Management Plans.

Considering the above, the adaptive capacity of Cyprus to urban floods is estimated as
moderate.

In addition, the adaptive capacity of mountain areas to floods is estimated by their inherent
ability to absorb water due to the high infiltration capacity of vegetated areas and thus to
prevent flooding. Thus the adaptive capacity of mountain areas to floods in mountain areas
is considered high.

The maintenance and restoration of wetlands and riverbeds as natural defense against
floods constitute an additional recommended adaptation measure that is considered to
further enhance adaptive capacity towards this impact. Nevertheless, its assessment and
final selection for implementation will be made through the use of the Multicriteria Analysis
(MCA) tool which will be developed and implemented in the framework of Actions 4 and 5 of
the CYPADAPT project.
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2.4.4 Droughts

2.4.4.1 Assessment of sensitivity and exposure

Cyprus with very limited water resources is vulnerable to droughts as it has exploited most
of all its natural water resources, with most of its aquifers depleted, and no perennial rivers.
In order to estimate sensitivity to droughts in Cyprus, the Sensitivity to Desertification Index
(SDI) is used. This index has been used in the project “Desertification Information System to
Support National Action Programmes in the Mediterranean” (DISMED), where the EEA is
involved, in order to map sensitivity on desertification and drought. The index was obtained
from the geometrical average of three indexes of the soil quality, climate and vegetation.

Although Cyprus was not included in this study, a study was assigned to I.A.C.O. Ltd by the
Department of Environment of MANRE in 2007 in order to designate the sensitive areas to
desertification in Cyprus. The designation of the areas threatened by desertification, under
the concept of Environmentally Sensitive Areas (ESA), was made by analyzing factors and
processes leading to desertification based on available data in Cyprus and international
references. For the detailed designation of the ESAs, accepted indices for the evaluation of
potential desertification have been used (MEDALUS, European Commission) after
adjustment to the Cyprus conditions.

Employing the definition for the areas sensitive to desertification (FAO-UNESCO) by using
the bioclimatic index P/ET,, where P is the mean annual rainfall and ET, the potential
evapotranspiration, showed that in Cyprus there are two climatic zones that are considered
as sensitive to desertification; the semi-arid area which extends over the larger part of the
island and the arid sub-humid area which covers the slopes of the Troodos range to the
higher parts of the Kyrenia range.

The areas that do not face any desertification problem (values >0,65) are only 1,5% located
at the highest parts of the Troodos Mountains. This area is enveloped by a sub-humid area
(4,5%) of a reduced sensitivity. The largest part of the remaining areas (91%), are
characterized as semi arid with an increased sensitivity while 3% are immediately
threatened. Figure 2-32 presents the designation of the ESAs in Cyprus.
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Figure 2-32: Environmentally Sensitive Areas to Desertification

Source: I.A.C.O. Ltd, 2007

Given that 91% of the total area of Cyprus was characterized as critical or sensitive, Cyprus’
sensitivity to drought is considered to be very high.

During the period 1969-2010, Cyprus has suffered from a number of severe droughts. In all
cases, the events initiated as meteorological droughts but very quickly they developed into
hydrological droughts since Cyprus has no perennial rivers and the rivers length is very short.
As shown in Table 2-15, drought phenomena in Cyprus are very frequent, persistent and
severe since reduced precipitation in relation to the average precipitation of 1961-1990 (503
mm) was observed for up to 8 consecutive years with the deficit reaching 640 mm. In view
of the possible future increases in drought frequency not only in the Mediterranean region
but across Europe as well as a consequence of climate change, Cyprus vulnerability to
drought may increase.

Table 2-15: Consecutive years with precipitation below normal (<503 mm) in Cyprus, 1969-2010

Hydrological l\.llejan . Difference from
ear precipitation normal (mm)
Y (mm)

1969/70 398.4 -104.6

1970/71 497.9 -5.1 s "
consecutive years

E e 408.3 94.7 Deficit: 608.5 mm

1972/73 212.7 -290.3

1973/74 389.2 -113.8

1981/82 424.7 -78.3

1982/83 437.5 -65.5 ; _
consecutive years

1983/84 448.3 -54.7 Deficit: 271.6 mm

1984/85 497.9 -5.1

1985/86 435.0 -68.0
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Hydrological l\.llefan . Difference from
precipitation Remarks
year normal (mm)
(mm)
1988/89 480.5 -22.5 3 ;
consecutive years

1989/90 362.5 140.5 Deficit: 384.1 mm

1990/91 281.9 -221.1

1993/94 416.7 -86.3

1994/95 493.0 -10.0

1995/96 383.0 -120.0

1996/97 399.0 -104.0 8 consecutive years

1997/98 387.8 -115.2 Deficit: 640.6 mm

1998/99 473.0 -30.0

1999/00 363.2 -139.8

2000/01 467.7 -35.3

2004/05 412.1 -90.9 )

2005/06 360.1 -142.9 4 consecutive years
Deficit: 488.2 mm

2006/07 479.3 -23.7

2007/08 272.3 -230.7

Source: Meteorological Service of Cyprus

During the extended drought period of 2004/05-2007/08, lower than average rainfall
resulted in minimal flow of water in the dams. By the beginning of 2008, water reserves in
dams were almost depleted, giving rise to the need to adopt costly temporary measures in
order to meet consumers needs for drinking water during the summer of 2008 (e.g. import
of drinking water with tankers from Greece, imposition of severe cuts to water supply to
households and to agriculture), which resulted in the dramatic reduction of farmers’ yields.
Households were supplied with water for around 12 hours a day, three times a week (EEA,
2010).

With the use of PRECIS regional climate model, the future changes (2021-2050) in the
maximum length of the period with consecutive dry days (precipitation<0.5mm) per year
were calculated. Figure 2-34 depicts that the areas of Nicosia and Larnaca reveal increases of
about 10 days and Limassol presents an increase of about 12 days, while the western area of
Paphos shows no increases. As a result, the maximum length of dry spell per year is
expected to reach 110 days in Larnaca and Nicocia Districts and 80 days in Limassol District
in contrast with the control period where the maximum length of dry spell is 100 days and
70 days respectively (Figure 2-33). Consequently, the areas of Larnaca, Nicosia and Limassol
are expected to be under severe drought stress in the future.
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Figure 2-33: Maximum length of dry spell (RR<0.5mm), control period (1961-1990)
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Figure 2-34: Changes in maximum length of dry spell (RR<0.5mm) between the future (2021-2050)
and the control period (1961-1990)

The Standardized Precipitation Index (SPI) (McKee et al., 1993) is designed to quantify the
precipitation deficit for multiple time scales (3 —, 6 —,12 —, 24 —, and 48 — month time
scales). These time scales reflect the impact of drought on the availability of the different
water resources. Soil moisture conditions respond to precipitation anomalies on a relatively
short scale. Groundwater, streamflow, and reservoir storage reflect the longer - term
precipitation anomalies. For these reasons, the SPI for the 12 month time scale was
computed for four different areas in Cyprus (Limassol, Nicosia, Larnaca, Panagia), using as
input the precipitation projection produced by PRECIS. Positive SPI values indicate greater
than median precipitation, and negative values indicate less than median precipitation.
Because the SPI is normalized, wetter and drier climates can be represented in the same
way, and wet periods can also be monitored using the SPI. In the following figure, the
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differences between the control period (1960-1990) SPI and the future period (2021-2050)
SPI are depicted.
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Figure 2-35: Standard Precipitation Index for Limassol, Nicosia, Larnaca, Panagia for the periods
1960-1990 and 2021-2050
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As can be seen in Figure 2-35, during the period 1960-1990 the area of Limassol which is
located at the southern coast of Cyprus was characterized by 9 years of mild drought, 1 year
of moderate drought and one year of extreme drought. In the period 2021-2050 it is
estimated that Limassol will be characterized by 10 years of mild drought, 7 years of
moderate drought, 1 year of severe drought and 1 year of extreme drought.

During the period 1960-1990 the area of Nicosia which is a continental lowland area of
Cyprus was characterized by 5 years of mild drought, 1 year of moderate drought and one
year of severe drought. In the period 2021-2050 it is estimated that Nicosia will be
characterized by 14 years of mild drought, 2 years of moderate drought and 1 year of severe
drought.

During the control period (1960-1990) the area of Larnaca which is located at the
southeastern coast of Cyprus was characterized by 7 years of mild drought, 2 years of severe
drought and one year of extreme drought. In the period 2021-2050 it is estimated that
Larnaca will be characterized by 10 years of mild drought 1 year of moderate drought.

Finally, during the period 1960-1990 the area of Panagia, which is a high elevation area
located at the district of Pafos, was characterized by 5 years of mild drought and one year of
severe drought. In the period 2021-2050 it is estimated that Panagia will be characterized by
11 years of mild drought, 3 years of moderate drought and 1 year of extreme drought.

Taking into consideration the abovementioned indicators, it can be concluded that the
future exposure of Cyprus to droughts is very high.

2.4.4.2 Assessment of adaptive capacity

Drought management is an essential element of water resources policy and strategies in EU
but especially in drought prone areas, such as Cyprus. Following up the recent drought
management of 2008 in Cyprus, it was found that adaptive strategies were limited. Dealing
with the shortfall of water resources consisted of corrective and emergency measures with
the implementation of drought mitigation plans. Decision makers have reacted to drought
episodes mainly through a crisis-management approach by declaring a national or regional
drought emergency programme to alleviate drought impacts. Nevertheless, nothing can be
done to reduce the recurrence of drought events in a region. Therefore, drought
management should not be regarded as managing a temporary crisis. Rather, focus must be
given on developing comprehensive, long-term drought preparedness policies and plans of
actions that place emphasis on monitoring and managing emerging stress conditions and
other hazards associated with climate variability in order to significantly reduce the risks and
vulnerabilities to extreme weather events (WDD, 2011a — Annex VIlI).

According to the European Commission (EC, 2008) Drought Management Plans (DMP)
should be prepared in advance before they are needed, based on relevant country specific
legislation and after careful studies are carried out concerning the characterization of the
drought in the basin, its effect and the mitigation measures. The main objective of drought
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management plans is to minimize the adverse impacts on the economy, social life and
environment when drought appears. This general objective can be developed through a
series of specific objectives that might include:

e Guarantee water availability in sufficient quantities to meet essential human needs
to ensure population’s health and life.

e Avoid or minimize negative drought impacts on the status of water bodies,
especially on ecological flows and quantitative status for groundwater and in
particular, in case of prolonged drought, as stated in article 4.6. of the WFD.

e Minimize negative effects on economic activities, according to the priority given to
established uses in the River Basin Management Plans, in the linked plans and
strategies (e.g. land use planning).

The Water Development Department of Cyprus has elaborated a Drought Management Plan
in 2010 (WDD, 2011a — Annex VIII) in order to address these issues. The DMP of Cyprus
structures upon the EU policy on drought management and is closely linked with the
Government Water Policy which is based on the Framework Directive (WFD) criteria and
objectives. The main elements of the Cyprus DMP are:

— An early warning system based on hydrological indicators

— A correlation of indicators with thresholds for different drought stages to trigger
action

— A set of phase-specific measures to achieve objectives®

The main index for each hydrologic region is selected to be the corresponding 12 month SPI
based on which the alert status is decided. The 12 month runoff index is used as a check on
the SPI, since there is no past implementation of this system in Cyprus. In a case when the
runoff index is more adverse than the SPI, a decision shall be taken by the responsible
authorities. The alert level status for the River Basin Area (whole of Cyprus) is given by the
worst alert level status of the different Hydrologic Regions. However, the drought
management measures will apply only in the hydrologic regions it is required. As for the
other indices, the wet period runoff index provides an early warning tool for the operators,
since its calculation can provide an indication of drought earlier than the 12 month SPI.
Finally, the storage capacity index concerns the alert level in relation to the Southern
Conveyor and Paphos water projects and is directly related to the permissible abstractions
(WDD, 2011a — Annex VIII).

The actions against drought according to the level of alert may include the notification of
responsible operators, raising awareness for sustainable water use, notification of users for
consumption reduction, increase in desalinated water production, intensive controls of
abstractions and leakages, limits to the abstractions from dams, releases from dams only for
river ecosystem protection.

® This action will be elaborated in the Strategic Plan to be developed in the framework of the
CYPADAPT project (Action 5)
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According to the EU policy on drought (EC, 2008), a DMP should provide a dynamic
framework for an ongoing set of actions to prepare for, and effectively respond to drought,
including periodic reviews of the achievements and priorities, readjustment of goals, means
and resources, as well as strengthening institutional arrangements, planning, and policy-
making mechanisms for drought mitigation. Effective information, early warning systems
and drought risk maps are the foundation for effective drought policies and plans, as well as
effective networking and coordination between competent authorities in water
management at different levels. In addition to an effective early warning system, the
drought management strategy should include sufficient capacity for contingency planning
before the onset of drought, and appropriate policies to reduce vulnerability and increase
resilience to drought. When working towards a long-term drought management strategy, it
is necessary to establish the institutional capacity to assess the frequency, severity and
localisation of droughts and their various effects and impacts on crops, livestock, the
environment and specific drought impacts on populations. This is rather a complex process
that requires increased capacity, strong institutional structure as well as active
administrative and public involvement.

Cyprus has considerably increased its adaptive capacity in coping with drought by adopting
the EU guidelines on water and drought management. However, the Cyprus DMP and its
Water Policy have recently implemented and have yet to be tested to prove their efficiency
in achieving the abovementioned goals. For these reasons, Cyprus future adaptive capacity
to droughts is considered moderate.

The enhancement of the Drought Management Plan is also recommended in order to
further enhance adaptive capacity towards this impact. Nevertheless, its assessment and
final selection for implementation will be made through the use of the Multicriteria Analysis
(MCA) tool which will be developed and implemented in the framework of Actions 4 and 5 of
the CYPADAPT project.
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2.4.5 Assessment of overall future vulnerability

The principal aim of this chapter is to identify the key vulnerabilities of water resources to
future climate changes, as well as to assess the magnitude of these vulnerabilities. However,
it must be noted that, as there were no sufficient data to evaluate all indicators further
research is required.

In order to quantify the future vulnerability potential of water resources against a climatic
change impact, the values of sensitivity, exposure, adaptive capacity and vulnerability are
quantified as follows:

Degree of sensitivity, exposure

ARG Degree of vulnerability Legend

None 0 None V<0

Limited 1 Limited 0<v<1

Limited to Moderate 2 Limited to Moderate 1<V<2

Moderate 3 Moderate 2<V<3

Moderate to High 4 Moderate to High 3<v<4

High 5 High 4<V<5

High to Very high 6 High to Very high 5<V<6

Very high 7 Very high 6<V<7

Not evaluated - Not evaluated -

Since vulnerability is defined by the following formula:
Vulnerability = Impact — Adaptive capacity
where Impact = Sensitivity * Exposure

“Impacts” and “Adaptive capacity” should be evaluated on the same scale (1-7). For this to
be achieved, the square root of “Sensitivity x Exposure” is used. The results of the future
vulnerability assessment for the water sector in Cyprus are summarized in Table 2-16.
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Table 2-16: Overall future vulnerability assessment of the water resources in Cyprus to climate

changes
I in urban .
Water availability Limited (1)
. areas
for domestic
water supply in  mountain Limited to
areas Moderate (2)
i i Moderate to
L in plain & Moderate (3) .
Water availability coastal areas High (4)
for irrigation in  mountain Limited to
areas Moderate (2)
Moderate to | Limited to
of surfz.:tce . Moderate (3)| None (-0.2)
water bodies High (4) | Moderate (2)
Water quality of dwat Limited to | Moderate to
groundwater .
2
bodies Moderate (2) High (4)
i Moderate to
" urban . Limited (1) |Moderate (3)| None (-1)
areas High (4)
Floods : -
In_mountain Limited (1) | Moderate (3) None (-3.3)
areas
D ht Moderate (3) Moderate to
rougnts High (4)

As it can be seen from the table above, the “first priority’ vulnerabilities for the water sector
in Cyprus, are related to the water availability for domestic water supply and irrigation in
mountain areas. Water supply in Cyprus is characterized by very high sensitivity and
exposure to climate changes while mountain areas have low adaptive capacity to cope with
these changes mainly due to the insufficiency of government water works attributed to
techno-economical reasons.

The ‘second priority’ vulnerabilities of the sector are related to the water availability for
irrigation in plain and coastal areas, groundwater quality and droughts. Although water
availability in plain and coastal areas is enhanced by government water works and the
competition for water between the domestic and the agricultural sector is not so intense, it
does not always meet actual water demand for irrigation (especially during drought
periods). Groundwater quality is considered a crucial issue in light of climate changes since
the majority of groundwater bodies are already in a bad qualitative situation while their
rehabilitation is very slow. Droughts present an equally important vulnerability for the water
sector, since droughts are a common phenomenon in Cyprus and are expected to be more
frequent in the future, while the measures that are being taken, manage only to avoid the
worst effects but not to eliminate all adverse consequences.
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Water availability for domestic water supply was estimated to present limited vulnerability
to climate changes since although freshwater resources most of the times are not sufficient
for satisfying demand for drinking water, the Government of Cyprus has undertaken a series
of drastic measures, thus relieving the island from such a pressure.
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Abbreviations and Acronyms
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The thin layer of soil covering the earth’s
surface represents the difference between
survival and extinction for most terrestrial
life.

(Doran & Parkin, 1994)
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3.1 Climate change and soil resources

Soil is, certainly, one of the most important variables, as it is necessary for the
comprehension of the landscape evolution, erosion and sedimentation, environmental
change, natural hazards and in general subsurface geology (World Resources Institute,
1990). Climate change could change or endanger ecosystems and the many goods and
services they provide, mainly due to the strong influence over dryland vegetation type,
biomass and diversity (WMO, 2005). Many soil properties and processes will be influenced
by alteration of spatial and temporal patterns in temperature, rainfall, solar radiation and
winds enhancing the existing problem of soil degradation. However despite the significance
of the problem, there is still no concerted effort at global level for the systematic monitoring
of the impacts of different climatic factors on land degradation in different regions and for
different classes of land degradation (WMO, 2005).

The soil sector is highly dependent on climate. Direct impacts of climate change on Cyprus
soil sector, arise mainly from decreased rainfall, increased temperature, droughts,
fluctuations in intense precipitation events, sea level rise, increased atmospheric CO, and
wind speed. Those climatic parameters can cause changes in soils through complicated
physical procedures (directly and indirectly).

The impact, vulnerability and adaptive measures for the soils sector in Cyprus regarding
climatic changes was assessed in Deliverable 1.2. The main vulnerability priorities for the soil
sector of Cyprus are the extensive desertification and the soil erosion by rain water and soil
salinzation. In specific, the first priority of Cyprus on soils seems to be the phenomenon of
desertification, as 57% of the island is characterized as “Critical”, 42,3% as “Fragile” and only
0.7% as “Potential” to desertification. Soil erosion, which is actually one of the factors
causing desertification, constitutes also key vulnerability for the soils resources of Cyprus
mainly due to the intensive agricultural activities taking place and the increasing percentage
of abandoned rural land. Soil salinization is the third vulnerability priority caused by the
salinization of coastal aquifers and the irrigation with low quality (saline) water.

Future climate change impact, vulnerability and adaptation measures in the sector of soil
resources will be reassessed for the case of Cyprus, in the framework of this study, in order
for the future vulnerability potential of soils to be quantified. Future vulnerability priorities
will be identified and appropriate adaptation measures to be implemented.

Each climatic parameter (rainfall, temperature, atmospheric emissions, wind) was analyzed
for the future situation with the use of the PRECIS regional climate model through
comparison between a control period (1961-1990) and a future period (2021-2050).
Regional Climate Models of the ENSEMBLES project have also been used. The results of
models were used as an ensemble mean for testing and comparing the respective results of
PRECIS. Detailed information is available in Deliverable 3.2 while the main model used in this
report is the PRECIS (Providing Regional Climates for Impact Studies) regional climate model.
The reason is that while, in the other simulations models, Cyprus is placed in the south-
eastern part of the domain in PRECIS simulations, Cyprus lies at the center of the study
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domain. The future period 2021-2050 has been chosen specifically for the needs of
stakeholders and policy makers to assist their planning in the near future, instead of the end
of the twenty-first century as frequently used in other climate impact studies.
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3.2 Baseline situation

Soil provides a variety of requirements for plants -such as shelter, moisture storage and a
supply of nutrients- and thus for animal life too. The common denominator of all soil
problems is soil degradation. This issue has affected many countries of the world, as more
than 1.2 billion hectares in 1990 were areas of severe concern for soil degradation (World
Resources Institute, 1990).

Cyprus due to its geographical position in the eastern part of the Mediterranean Sea, bears
all the characteristics of a semi-arid climate and some of the deficits of the global climate
change. During the latest decades, remarkably low precipitation has been recorded, rating
the island in the second most threatened zone in terms of land degradation (Figure 3-1).

Areas of Concern for Soil Degradation

Legend
B Aceas of Serious Concenm
B Aress of Some Concenn

B Suatie Terran
Nomvegeiated Land

OO S0l Feterence e ravmason Cerbe urgLRahed mag
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Figure 3-1: Areas of concern for soil degradation

Source:World Resources Institute, 1990

The island of Cyprus is characterized by two mountains regions (the limestone range of
Kyrenia and the Troodos range), a central plain of Mesaoria and the coastal plains. Slopes in
excess of 18% and 12% cover 10% and 22% of the island. The geological background of the
island of Cyprus is formed by three geological zones: a) the ophiolithic complex of the
Troodos Mountain range and its extension under the Mesaoria, b) the Mamonia zone and c)
the Kyrenia Mountain range consisting mainly of allocthonous formations. In between these
lie the autochtonous sedimentary rocks (Republic of Cyprus, Geological Survey Department;
I.A.CO Ltd, 2007).

There have been extensive researches for the identification-determination of the physical
and chemical soil properties and the classification of the various soil types for the island of
Cyprus since 1957 (Hadjiparaskevas). According to the latest system for soil mapping, the
dominant soil types in Cyprus are leptosols, regosols, cambisols and associated soil groups,
as shown in Table 3-1 and Figure 3-2.

Chapter 3: Soil resources Page 3-3



&y

Future climate change impact, vulnerability and adaptation assessment

for the case of Cyprus

Table 3-1: Main soil groups in Cyprus based on the FAO (1998) classification. Data from

Hadjiparaskevas(2008).

Soil order Sub-order Characteristics
Lithosol Calcaric Limited in depth by continuous coherent and hard rock within 10 cm of
ithosols
Eutric the surface.
Fluvisol Calcaric Recent alluvial deposits, having no diagnostic horizons other than an
uvisols
Eutric Ochric A or a histic H horizon.
B | Calcaric Uncosolidated material, having no diagnostic horizons other than an
egosols
& Eutric ochric A horizon.
Rendzinas Mollic horizon immediately overlying extremely calcareous material.
Gleyic . . .
Solonchaks Orthi High salinity within 125 cm of the surface (EC > 15 mmhos).
rthic
Solonetz Natric B-horizon.
. 40% or more clay in all horizons, developing wide cracks from the soil
Ventisols
surface downwards.
Ventic
Calcaric . . . . . !
X . Cambic B-horizon and no diagnostic horizon other than an ochric or an
Cambisols Calcic . R X . K
. umbric A horizon, a calcic or a gypsic horizon.
Eutric
Chromic
Vertic
Luvisols Calcic Argillic B-horizon.
Chromic

Source: Biochemical atlas of Cyprus (Cohen & Rutherford, 2011)
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Several factors of climate change deteriorate some environmental phenomena or create
new more complicated conditions for the soils of Cyprus. Considering the above as well as
the study conducted by I.A.CO. (2007), the additional pressures on soil resources of Cyprus
as a result of several activities are listed below:

e Eutrophication due to contaminated waters.

e Degradation of soil productivity due to desertification (I.A.CO Ltd, 2007).

e Changes in plant species distribution due overexploitation and contamination of
surface and ground water (DoE, 2000), affecting soil biodiversity.

e Changes in forest plant species distribution in the abandoned parts of the
unprotected state forests, affecting soil organic matter.

e Soil retrogression and changes in soil biodiversity due to overgrazing.

e Increased carbon sequestration due to the reforestation of croplands.

e Loss of organic carbon because of the tilling of the land.

e Soil changes due to changes of the land use.

e Degradation of soils near the seashore due to tourism development.

e Land degradation of cities due to urbanization.

e Increased erosion of soils due to the the aging of the rural population, and the
abandonment of the rural areas and the traditional agricultural activities.

e Soil salinization from the water from the overexploited aquifers which experience
salinization as the result of sea intrusion (increased water need in the center and
south of the island after the forced movement of people in 1974 that Turkish
invasion took place).

Additional pressure on soil resources may have a severe impact on natural ecosystem
(climate, ecology) and human social system (society, culture and technology) as well (World
Meteorological Organization, 2005).
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3.3 Future impact assessment

Alterations in the mean and extreme (maximum, minimum) values of factors of climate
(rainfall, temperature, atmospheric emissions, wind) cause changes in soils through
complicated physical procedures (directly and indirectly). The general correlations between
the observed climate changes in Cyprus and the impacts on soil resources of temperate
climates’ are listed in the following table (Table 3-2).

The impacts of climate change on Cyprus’s soil sector are considered to be the similar to the
areas identified in Deliverable 1.2 with the observed ones, however as climate change
factors are expected to change, the magnitude of the impacts is expected to change.
According to PRECIS projections for the future period 2021-2050, the average annual
temperature in Cyprus is expected to increase by 1-2°C with respect to the control period
1960-1990, while precipitation is expected to decrease in seasonal level and in minor degree
in annual level. Concerning future changes of annual max total rainfall over 1 day, PRECIS
projections show that a slight increase of about 1-4 mm is anticipated. Finally, regarding
annual mean wind speed changes in the near future, PRECIS projections show that in
western, southeastern and inland regions a slight decrease of about 0.20 m/s is anticipated
while in southern and mountain regions a lower decrease of about 0.1 m/s is expected.
PRECIS projections for extreme wind events, show a decrease of about 5-12 days for the
number of days with mean wind speed greater than 5 m/s.

In this section the climate change impacts on the soil resources sector, as these have been
identified in Deliverable 1.2 will be reviewed in light of the climate projections for the future
(2021-2050). Table 3-2 shows the potential future climate-induced impacts on the soil
resources sector in general, and for the case of Cyprus in particular are recorded. In the
context of the future impact assessment the indicators presented in Table 3-2 summarize
the potential impacts of climate change on Cyprus’ soil resources.

Table 3-2: Relationship between potential climate changes and impacts on the soil resources sector

Potential climate Future impacts on soil resources in temperate climates

change in Cyprus

— Some small chemical effects on soils, due to the increased
evapotranspiration (Brinkman & Sombroek, 1996).

— Negative effect on soil organic matter due to temperature rise (Brinkman &
Sombroek, 1996).

—  Greater organic matter supply from vegetation or crops growing more
vigorously because of the combined phenomena of the higher
photosynthesis, the greater potential evapotranspiration and the higher
water-use efficiency in a high-CO, atmosphere (Brinkman & Sombroek,
1996).

— Mineralogical change of the stability of iron oxide haematite over the
dominant goethite, leading to a decrease of the intensity and amount of

Decreased rainfall
& increased
temperature

! The table presents all the possible dimensions of the observed climate changes. The reason for
presenting impacts on soil resources from other regions of the Mediterranean (similar to the climatic
conditions of Cyprus) is to assist to the identification of components which have not yet been
examined by the competent bodies.
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Potential climate
change in Cyprus

Future impacts on soil resources in temperate climates

phosphate fixation and finally to the reddening of presently brown soils
(Brinkman & Sombroek, 1996; Buol et al., 1990).

Droughts

Decrease of soil moisture due to the decreased rates of groundwater
recharge.

Reduction of crop yields (soil fertility) (Moore, 2005).

Removal of certain nutrients from soil (Moore, 2005).

Increased soil erosion.

Decrease in soil respiration ( Vallejo et al., 2005).

Reduction of soil organic carbon ( Vallejo et al., 2005).

Reduction of litter inputs with the uncertainty associated with this process (
Vallejo et al., 2005).

Soil salinization ( Vallejo et al., 2005).

Heavy and/or
intense
precipitation
events

Flooding and water logging of soil.

Landslides (Paul & Kimble).

Flooded upland soils cause oxygen depletion or reducing conditions, which
may in turn affect the chemistry of the soil-water system and,
consequently, soil aggregation (SSSA, 2009).

Deterioration of soil quality by making it more prone to erosion due to the
raindrop impact (Proffitt et al., 1993).

Increased soil erosion due to poor vegetation.

Sea level rise

Salinization of coastal soils (minor effect).
Changes in the geomorphology of the seashore.

Increased
atmospheric CO,

Increase of growth rates and water use efficiency of natural vegetation,
leading to increased night time respiration and shorter growth cycles which
can cause unproductive periods in the soils of agro-ecosystems (Brinkman
& Sombroek, 1996).

Increased productivity is accompanied by more litter, greater root activity
and increased microbial activity. Microbial activity combined with higher
concentrations of CO, lead to accelerated rates of plant nutrient release
and inevitably to the increase of the quantity of plant nutrients cycling
through soil organisms (Brinkman & Sombroek, 1996).

Greater microbial activity in combination with higher soil temperatures
produce greater amounts of polysaccharides and other stabilizers leading to
the increase of the “stable” soil organic matter content and stimulates
further the microbial activity (macrofauna, earthworms), improving
infiltration rate and bypass flow by the greater number of stable biopores.
These phenomena increase the resilience of soil against water erosion and
loss of sail fertility. In addition, the increased proportion of bypass flow also
decreases the nutrient loss by leaching during periods with excess rainfall.

Despite the positive effects for the soil plant system, temporarily problems
can be caused by the competition of plants for nutrients. This temporary
effect is responsible for the impact of plant response to elevated CO,
(Brinkman & Sombroek, 1996).

Changes in fire
regimes (increased
number of
wildfires)

Burnt areas are more prone to erosion.

An untouched area by fire near a burnt one is more prone to soil particle
displacement by landslides.

Soil hydrophobicity (Moss & Green, 1987).

Degradation of soil biodiversity.

Loss of organic matter.
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The complexity of the impacts of climate change on soil resources is obvious, and as a result
there are several indicators which can be used in order to present the soil condition of an
area. In order to assess, the impacts of climate change are grouped in the following impact
categories:

e Soil erosion (by wind and/or rain water

e Water retention capacity (reduction of available soil moisture) of soils
e Landslides

e Soil organic carbon content

e Loss of soil organic matter

e Soil biodiversity

e Soil Contamination (heavy metals, nitrates, phosphates, al saturation)
e Soil salinization - Sodification

e Desertification

3.3.1 Soil erosion (by wind and/or rain water)

The processes of soil erosion involve detachment of material by two processes, raindrop
impact and flow traction; and transported either by saltation through the air or by overland
water flow (JRC, 2012). Changes in the variables of climate (e.g. fading of wind speed, increase
of mean precipitation) are highly connected with the wind and rain water erosion and
furthermore the natural rate of soil erosion can be accelerated by human activity. Long dry
periods along with regular strong seasonal winds are the main causes for wind erosion, while
the force of raindrops, surface and subsurface runoff and river flooding are the main causes
for rain water erosion (WMO, 2005). The impacts of these phenomena on soils are more
obvious in lands with sparse vegetation cover, erodible soils of semi-arid zone with excess
slope greater than 12% (Kosmas, 1999).

Situation in Cyprus: Wind speed, heavy rain or in the contrary long periods of drought in

connection with poor vegetation, geology and the topography can have an erosive effect.
Geology of the area in combination with the sparse vegetation and the increased frequency of
heavy rainfall events are the main causes for the observed erosion in the plain areas of
Cyprus. In order to have future estimations wind speed has been calculated for the future
period (2021-2050).

Wind erosion

Wind erosion is not very common in Cyprus, but can take place in areas with low vegetation
cover (l.LA.CO Ltd, 2007), erodible or pulverized soils and hilly areas with slope greater than
12% (Kosmas, 1999).

In specific, soils with shallow rock contact (Leptosols, Lithosols, Lithic Xerorthents) -especially
those formed on limestone of the semi-arid and arid zones, and soils of dry hilly areas have a
reduced resistance to erosion. Such erodible soils are located in the central mass of Troodos
range, due to their shallow, rocky with steep slopes features (slope of 18% and 12% cover the
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10% and 22% of the island respectively). In those areas PRECIS projections for the future
period (2021-2050) show that a slight decrease is anticipated in annual mean wind speed of
about 0.1 m/s. Concerning future changes of extreme wind events, the number of days with
mean wind speeds greater than 5 m/s is anticipated to decrease in mountain areas from 5
days to 10 days depending on the elevation. However soils of mountain areas due to
vegetation cover are not prone to soil erosion. In other areas of Cyprus, not mountainous,
were soil protection is lower, a decrease of about 12 days is anticipated in western,
southeastern and inland areas while southern areas present a slight decrease of about 5 days.
As a conclusion wind erosion in Cyprus will be a rare and very slow procedure.

Rain water erosion

Rain water can have an erosive result in soil horizons. For example, rain water erosion has
already damaged the horizon A (topsoil consisting the first 0-25cm of ground) of many areas
of the island of Cyprus, such as Aradippou-Koshi (I.A.CO Ltd, 2007). Soil erosion has obvious
future impacts such as reduced soil fertility of the area, especially in areas where soils are
shallow or have subsurface of low fertility.

Both heavy rainfall and ordinary rainfall can have an impact on soil erosion while in spring,
when soils are most vulnerable because of degraded crop residue cover, soil preparation by
tillage and no crop canopy, rains are coming hard and fast causing substantial soil erosion.
Further research is essential to connect degree of soil erosion with intensity and amount of
rain. In this frame, forecasting of rainfall intensity and frequency in the various seasons is of
critical importance.

Heavy rain in Cyprus the future period (2021-2050) is anticipated to have an increase, in terms
of annual max total rainfall over 1 day. In specific PRECIS projections show that a slight
increase of about 2-4 mm is anticipated in annual max total rainfall over 1 day in western,
inland and mountain regions. Additionally, southern and southeastern areas present an
increase of about 1 mm in annual max total rainfall over 1 day. In this frame rain water
erosion is not anticipated to be deteriorated due to heavy rainfall significantly.

Concerning ordinary rainfall, no change is anticipated in the future period (2021-2050) both
for spring and summer total precipitation. However, a decrease of about 0-20 mm s
anticipated in winter total rainfall for all the domain of study. As a result, for western and
mountain regions were soil protection is high a precipitation of about 210 mm is anticipated,
while for southern regions precipitation of 150mm respectively is forecasted. For
southeastern district, that soil protection is low; precipitation will be about 70 mm in
comparison with present-day climate where precipitation is 90 mm.

A similar pattern to winter is evident for autumn precipitation where a decrease of about 10-
15 mm is anticipated for the whole study domain. More specifically future amounts of autumn
rainfall will reach 55 mm in southeastern and southern district, that are low soil protection
areas, 95 mm for mountain region and 135 mm for western regions, that are high soil
protection areas compared with current amounts which are 70 mm, 110 mm and 150mm.
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As a conclusion the minor future period (2021-2050) changes in precipitation are anticipated
to have a major impact on soil erosion.

3.3.2 Water retention capacity (reduction of available soil moisture)
of soils

Losses of water from soil is determined by soil texture, soil structure, porosity, consistence,
bulk density, aeration and temperature, determine the rate at which water is lost from the
soil (Danoff-Burg J. A., 2002). Furthermore, maintaining or even enhancing the water
retention capacity of soils can play a positive role in mitigating the impacts of more extreme
rainfall intensity and more frequent and severe droughts (EEA, JRC, WHO, 2008).

Situation in Cyprus: The soil composition, which is one of the most important factors for the

water retention capacity of soils, varies across regions in Cyprus. The drainage conditions are
excellent in the valley and coastal areas, the Chrysochou valley, the narrow valleys of Glalias,
Pediaeos, Akaki and Peristerona, Troodos Igneous Massif and the areas of Episkopy-Akrotiri-
Garyllis-Yermasoyia. In addition, the drainage conditions are satisfactory in Kokkinochoria
and the area of Pissouri-Paralimni while less favourable in the area of Paphos (MANRE).

In order to extract safe conclusions regarding the future impact of climate changes on
water retention capacity of soils, the following are considered necessary:
— Correlation with climatic conditions with clear distinction of the effect from
human activities
— Determination of the water retention capacity of soils in Cyprus
— Data records of long-term series

3.3.3 Landslides

Landslides are caused by various factors which influence the terrain and the geo-
environment, among which is climate. The following table (Table 3-3) presents the
interrelations between the potential climate change factors and the associated potential
impacts on soil structure, for the case of Cyprus.

Table 3-3: Potential slope stability responses to potential climate change factors in Cyprus

Potential climate
change

Condition/process affected Slope stability response

Infiltration more likely to exceed Landslide triggering by reduction in effective normal
subsurface drainage rates. Rapid stress leading to reduction in shear strength. Increase
build-up of perched water tables. in cleft water pressures.

Increase in

rainfall intensity Increase in seepage and drag forces, particle
detachment and piping. Piping removes underlying
Increased throughflow. .
structural support. Enhances drainage unless

blockage occurs.
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Increased
variability in More frequent wetting and drying Increase fissuring, widening of joint systems.
precipitation and cycles. Reduction in cohesion and rock mass joint friction.
temperature
Reduction in antecedent water . .
. Lower antecedent water status-more rain required to
conditions through R X
L trigger slides.
evapotranspiration.
Increased
Rapid snow melt-runoff and Build-up of porewater pressure and strength
temperature e ) .
infiltration. reduction.
Enhanced basal erosion on coasts, increase in
Increased sea level.
groundwater levels on coastal slopes.

Source: Deciphering the effect of climate change on landslide activity: A review (Crozier, 2009)

Situation in Cyprus: Anticipated increase in temperature and number of heat wave days can

cause reduction in antecedent water conditions through evapotranspiration, a rapid snow
melt-runoff and infiltration and increased sea level. This could lead to lower antecedent water
status-more rain required to trigger slides, build-up of pore water pressure and strength
reduction and enhanced basal erosion on coasts, increase in groundwater levels on coastal
slopes respectively. Furthermore the increase of frequency of heavy rain and the increase of
flood events may provoke soil slippage events. The reason is that soil slippage is intensified by
soil composition and excessive slope in certain areas of the Cyprus’ mountains, especially near
Paphos.

Although further research is required to correlate possibility of landslide events in Cyprus with
anticipated changes in temperature and heavy rain events, climatic predictions are presented
as a baseline for a future study. No projections have been made concerning future flood
events. Further research is required.

Cyprus will experience, in the near future, a warming of about 1 —2°C. Seasonal changes in
temperature are also anticipated. Average winter minimum and average autumn minimum
temperature is anticipated to have an increase of 0.8 -1°C and 1.6-2°C respectively. Summer
maximum temperature in the current period is 27-33°C while in the future period (2021-2050)
it is anticipated to be increased about 1.7-2.7 °C, while spring maximum temperature will
increased 1.5-1.8°C.

Concerning heat wave days an increase of about 10 days is expected in western regions, 20-30
days in mountain regions, and 30 days inland, southern and southeastern regions. Thus future
heat wave days will be around 20 days, 40-60 days and 60 days respectively.

As far as heavy rainfall is concerned, future changes of annual max total rainfall over 1 day,
PRECIS projections show that a slight increase of about 2-4 mm is anticipated in western,
inland and mountain regions. Additionally, southern and southeastern areas present an
increase of about 1 mm in annual max total rainfall over 1 day. In this frame rain water
erosion is not anticipated to be deteriorated due to heavy rainfall significantly.
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In order to extract safe conclusions regarding the impact of climate changes on
landslides in a future study, the following are considered also as necessary:
— Correlation with climatic conditions and clear distinction of the effect from
human activities
— Risk mapping of landslides in Cyprus
— GIS Landslide hazard mapping of Cyprus
— Data records of long-term series

3.3.4 Soil organic carbon content

Changes in climatic variables, such as the increase of temperature, can affect soil organic

carbon. Some of the impacts of low organic carbon levels include the reduction in soil fertility,
land degradation and depletion of biodiversity. In addition, the organic soils which act as
carbon sinks will become a CO, and methane source due to the temperature rise, increasing
greenhouse gases and subsequently climate change.

Situation in Cyprus: In Cyprus, the greatest carbon pool is soil, with an estimated amount of
SOC around 3.884 thousand tons (DoF, 2006). It must be noted that the soil organic carbon
content in soil material is in general low and sequestrated in the surface organic layer.

Nevertheless, this percentage of SOC is typical for areas around the Mediterranean Sea.

There is no data available for the response of low level SOC to anticipated increase in
temperature for Cyprus. Further research is required. However, in order to find correlation
between temperature change and SOC level, prediction of temperature increase in Cyprus are
presented as a baseline for a future study.

In specific, Cyprus will experience, in the near future, a warming of about 1 — 2°C. Winter
minimum and summer maximum changes in temperature are presented as the seasonal cases
with the most significant future changes. Winter minimum temperature is anticipated to have
an increase of 1°C in western regions, mountain regions, inland and southern regions and an
increase of 0.8°C in southeastern regions. Thus future temperatures will be around 9-13°C in
western regions, 6°C in mountain regions, 6°C in inland regions,6°C in southern regions and
7°C respectively. Summer maximum temperature in the current period is 27-29°C for western
regions, 30-32 °C for mountain regions, 33 °C for inland regions, 32 °C for southern regions
and 33 °C for southeastern regions. In the future period it is anticipated to increase about 1.7-
2 °C for western regions, 2-2.7 °C for mountain regions, 2.4 °C for inland regions, 2.3 °C for
southern regions and 2.3 °C for southeastern regions. Concerning heat wave days an increase
of about 10 days is expected in western regions, 20-30 days in mountain regions, and 30 days
inland, southern and southeastern regions. Thus future heat wave days will be around 20
days, 40-60 days and 60 days respectively.
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In order to extract safe conclusions regarding the anticipated increase in temperature
and decrease in precipitation on soil organic carbon, the following are considered
necessary:
— Data availability for a long period
— Correlation with climatic conditions and clear distinction of the effect from
human activities

3.3.5 Loss of soil organic matter

Soil organic matter (SOM), as a major component of global carbon cycle (Schlesinger, 1997),
can act both as a sink and a source of carbon in response to climate, land use changes and
rising atmospheric levels of CO, (Jobbagy & Jackson, 2000; Kirschbaum, 2000). The parameters
which influence the indicators of SOM are climate (Alvarez & Lavado, 1998; Ganuza &
Almendros, 2003), topography (Burke, 1999; Raghubanshi, 1992), vegetation (Finzi et al.,
1998), parent material (Spain, 1990), chronosequence (Schlesinger, 1990) and management
(Yang & Wander, 1999). The most important climatic factors though seems to be
temperature and precipitation (Dai & Huang, 2005; Jenny, 1980; Sims & Nielsen, 1986;
Homman et al., 1995; Alvarez & Lavado, 1998).

Situation in Cyprus: The mean value of organic matter into the cultivated soils is less than 1%
(Hadjiparaskevas). According to the Cypriot Ministry of Agriculture (MANRE), the organic
matter content in surface soil in the valley and coastal areas is 1.5%, the narrow valleys of
Gialias and Pediaeos 1.5-2.0%, the Morphou alluvial plain 1-2% and the south eastern
Mesaoria (Kokkinochoria) less than 1%. The organic matter accumulates in the top 10cm of

soil reaching 3-4% in areas of the Troodos Igneous Massif with permanent vegetation on
surface, whereas in areas with no permanent vegetation the organic matter content of the
surface soil is much lower. The areas of Episkopi-Akrotiri-Garyllis-Yermasoyia have SOM
around 1-2%, the areas of Pissouri-Paralimni 1.0-1.5%, Paphos 1.5-2%, the area near Moni-
Pareklishia 1% and the surface soil of hilly areas 1.5-2%.

There is no scientific information available for the loss of organic matter due to climate
change for Cyprus. However, in order to find correlation between temperature and
precipitation change and loss of organic matter, climatic predictions for temperature increase
and precipitation decrease in Cyprus are presented as a baseline for a future study.

In specific, Cyprus will experience, in the near future, a warming of about 1 — 2 °C. Winter
minimum temperature is anticipated to have an increase of 1°C in western regions, mountain
regions, inland and southern regions and an increase of 0,8 °C in southeastern regions. Thus
future temperatures will be around 9-13°C, 6°C, 6°C,6°C and 7°C respectively. Summer
maximum temperature in the current period is 27-29°C for western regions, 30-32 °C for
mountain regions, 33 °C for inland regions, 32 °C for southern regions and 33 °C for
southeastern regions. In the future period it is anticipated to increase about 1.7-2 °C for
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western regions, 2-2.7 °C for mountain regions, 2.4 °C for inland regions, 2.3 °C for southern
regions and 2.3 °C for southeastern regions. However there is no data available for the
response for the loss of organic matter due to anticipated increase in temperature. Further
research is required.

Concerning heavy rain in Cyprus the future period (2021-2050) PRECIS projections show that
annual max total rainfall over 1 day will have a slight increase of about 2-4 mm in western,
inland and mountain regions. Additionally, southern and southeastern areas present an
increase of about 1 mm in annual max total rainfall over 1 day. In this frame rain water
erosion is not anticipated to be deteriorated due to heavy rainfall significantly.

Concerning ordinary rainfall, no change is anticipated in the future period (2021-2050) both
for spring and summer total precipitation. However, a decrease of about 0-20 mm is
anticipated in winter total rainfall for all the domain of study. As a result, for western and
mountain regions were soil protection is high a precipitation of about 210 mm is anticipated,
while for southern regions precipitation of 150mm respectively is forecasted. For
southeastern district, precipitation will be about 70 mm in comparison with present-day
climate where precipitation is 90 mm.

A similar pattern to winter is evident for autumn precipitation where a decrease of about 10-
15 mm is anticipated for the whole study domain. More specifically future amounts of autumn
rainfall will reach 55 mm in southeastern and southern district, that are low soil protection
areas, 95 mm for mountain region and 135 mm for western regions, that are high soil
protection areas compared with current amounts which are 70 mm, 110 mm and 150mm.

In order to extract safe conclusions regarding the impact of climate changes on soil
organic matter, the following are considered necessary:
— Data availability from a long monitoring period
— Correlation with climatic conditions and clear distinction of the effect from
human activities
— Determination of soil organic matter values for Cyprus

3.3.6 Soil biodiversity

Climate change (i.e. temperature rise, decreased precipitation and changes in CO,) affects soil
directly -with the alterations on soil temperature and soil moisture, and indirectly through the
changes in vegetation communities, productivity and rate of the organic matter
decomposition (EEA, JRC, WHO, 2008). However, the alteration of soil biodiversity patterns
due to global climate change is currently beyond scientific knowledge' (JRC & ies, 2010).
Finally another parameter of climate change affecting soil biodiversity is the changes in the
interrelations of carbon cycle. Soil biota regulates the decomposition process in substrates,
affecting carbon level in soils.
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Situation in Cyprus: Increase in temperature and decrease in precipitation will affect soil

moisture. If soil moisture is low soil biodiversity is expected to be poor, as only the most
resilient species survive in dry conditions. Further investigation is required to this respect, as
there is no data available for the response of limited soil biodiversity to climate change not
only for Cyprus but worldwide too. However, in order to find correlation between
temperature and precipitation change and soil moisture, climatic predictions for Cyprus for
the future period (2021-2050) are presented as a baseline for a future study.

Cyprus will experience, in the near future, a warming of about 1 — 2 °C. Winter minimum and
summer maximum temperatures forecasted for the future period (2021-2050) are presented
as the most extreme cases.

More specifically winter minimum temperature is anticipated to have an increase of 1°C in
western regions, mountain regions, inland and southern regions and an increase of 0.8°C in
southeastern regions. Thus future temperatures will be around 9-13°C, 6°C, 6°C,6°C and 7°C
respectively. Summer maximum temperature in the current period is 27-29°C for western
regions, 30-32 °C for mountain regions, 33 °C for inland regions, 32 °C for southern regions
and 33 °C for southeastern regions. In the future period it is anticipated to increase about 1,7-
2 °C for western regions, 2-2.7 °C for mountain regions, 2.4 °C for inland regions, 2.3 °C for
southern regions and 2.3 °C for southeastern regions. However there is no data available for
the response of soil biodiversity due to anticipated increase in temperature. Further research
is required.

Generally, annual total precipitation appears to have minor decreases or no changes at all.
The only region with an increase in total annual precipitation, minor though (up to 5mm), is
the area around Orites Forest, east from Paphos. Concerning winter total rainfall, a decrease
of about 0-20mm is anticipated in for all the domain of study. As a result, for western and
mountain regions and southern regions a precipitation of about 210 mm and 150mm
respectively is anticipated. For southeastern district precipitation will be about 70 mm in
comparison with present-day climate where precipitation is 230 mm and 90 mm respectively.
A similar pattern to winter is evident for autumn precipitation where a decrease of about 10-
15 mm is anticipated for the whole study domain. More specifically future amounts of autumn
rainfall will reach 55 mm in southeastern and southern district, that are low soil protection
areas, 95 mm for mountain region and 135 mm for western regions compared with current
amounts which are 70 mm, 110 mm and 150mm. However there is no data available for the
response of soil biodiversity due to decrease in precipitation for Cyprus. Further research is
required.
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In order to extract safe conclusions regarding the future impact of climate changes on
soil biodiversity, the following are considered necessary:
— Data availability from a long monitoring period about the response of soil biota
to climate change
— Mapping of soil biota for Cyprus
— Correlation of soil biodiversity with climatic conditions and clear distinction of
the effect from human activities

! Only some experimental results from extreme environments are available, which
demonstrate that an increase in mean temperature usually leads to an increase in bacteria,
fungi and nematode numbers but an overall reduction in biodiversity (JRC; ies, 2010).

3.3.7 Soil Contamination (heavy metals, nitrates, phosphates, al
saturation)

Some processes of chemical degradation of soils are related to climate change and contribute
to desertification. The most common types of soil contamination are chemical pollution
(heavy metals), acidification and loss of nutrients (nitrogen, phosphate).

Situation in Cyprus: Chemical pollution in Cyprus may only be located in industrial areas,

without posing a serious threat for more distant areas (I.A.CO. Ltd, 2007). However, it must be
noted that Industrial activity in Cyprus is limited and it is not anticipated to be increased
significantly in the future period (2021-2050). As far as acidification is concerned, serious
incidents of acid rain in Cyprus have not been recorded (I.A.CO Ltd, 2007) since Cyprus is not
an industrialized country and industrial activity is not anticipated to be increased significantly
in the future period (2021-2050). Furthermore, soil buffering capacity to acidification in
Cyprus is high, due to the high levels of calcium carbonate content of soils. Finally, in Cyprus,
critical loads of nutrients may be located in areas with husbandry waste, irrigated agriculture
and uncontrolled landfills, without posing a serious threat for the more distant areas (I.A.CO
Ltd, 2007).

3.3.8 Soil Salinization - Sodification

Soil salinization is mainly an arid zone problem leading to land desertification. An increase will
further reduce soil quality, further limit the growing of crops, further constrain agricultural
productivity and, in severe cases, will lead to the abandonment of agricultural soils (Martinez-
Sanchez et al., 2010). Such conditions can be exacerbated by the anticipated increased
temperature and reduced precipitation. Furthermore, climate change will increase flood
incidence and salinity along coastal regions through the influence of sea-level rise (UNEP,
2001). Sodification is the excessive accumulation of sodium (Na*) in solid (crystallized Na,COs
and/or NaCCOs; salts on the soil surface or on the surface of soil’s structural elements;
exchangeable ions in the soil absorption complex) and liquid phase (ions in the highly alkaline
soil solution) (Varallyay, 2006).
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Situation in Cyprus: The accumulations of salts in soils of Cyprus are the results of the soil

composition, the use of treated irrigation water with high percentage of salts and the use of
saline water for irrigation from boreholes. Those factors can be affected by changes in
temperature and precipitation.

Decrease in precipitation may increase water demand which may lead to increased
overpumping. This could lead to further pressure on already saline aquifiers. However, there
is no information available for soil salinization due to climate change for Cyprus. In order to
find correlation between precipitation changes and soil salinization, climatic predictions for
Cyprus for the future period (2021-2050) are presented as a baseline for a future study.

Annual total precipitation appears to have minor decreases or no changes at all. The only
region with an increase in total annual precipitation, minor though (up to 5mm), is the area
around Orites Forest, east from Paphos. Concerning winter total rainfall, a decrease of about
10%-20% is anticipated in for all the domain of study. As a result, for western and mountain
regions and southern regions a precipitation of about 210 mm and 150mm respectively is
anticipated. For southeastern district precipitation will be about 70 mm in comparison with
present-day climate where precipitation is 230 mm and 90 mm respectively. A similar pattern
to winter is evident for autumn precipitation where a decrease of about 10%-20% is
anticipated for the whole study domain. More specifically future amounts of autumn rainfall
will reach 55 mm in southeastern and southern district, that are low soil protection areas, 95
mm for mountain region and 135 mm for western regions compared with current amounts
which are 70 mm, 110 mm and 150mm. However there is no data available for the response
of soil biodiversity due to decrease in precipitation for Cyprus. Further research is required.

Generally decrease in precipitation, with the more frequent drought periods, in combination
with the increased water demand can deteriorate the water quality and quantity and as a
result the soil quality and productivity.

3.3.9 Desertification

Desertification is an increasing threat for the soil resources of southern Europe and the
Mediterranean. More specifically, the phenomenon in arid semiarid and arid sub-humid
areas is responsible for the loss of production yield, reduction of water availability, reduction
of hydropower potential and land degradation, affecting relevant dimensions such as the
ecology, income and quality of life (I.A.CO Ltd, 2007).

Situation _in Cyprus: Desertification is a serious problem for Cyprus, since the 57% of the

island is characterized as “Critical”, the 42.3% as “Fragile” and only the 0.7% as “Potential”
to desertification (I.A.CO Ltd, 2007). Climate change and in specific reduction of precipitation
and temperature rise, can deteriorate the phenomenon. The factors contributing to
desertification in Cyprus -as identified in the study conducted by I.A.CO. (.A.CO Ltd, 2007)-
are climate, topography, geology, soil composition, hydrology and human factors such as
urban development and reduction of rural population.
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There is no information available for future response of desertification phenomenon due to
climate change for Cyprus. However, in order to find correlation between temperature and
precipitation change and soil desertification, climatic predictions for Cyprus for the future
period (2021-2050) are presented as a baseline for a future study.

Cyprus will experience, in the near future, a warming of about 1 — 2 °C. Winter minimum and
summer maximum temperatures forecasted for the future period (2021-2050) are
presented as the most extreme cases.

Winter minimum temperature is anticipated to have an increase of 1°C in western regions,
mountain regions, inland and southern regions and an increase of 0.8°C in southeastern
regions. Thus future temperatures will be around 9-13°C, 6°C, 6°C,6°C and 7°C respectively.
Summer maximum temperature in the current period is 27-29°C for western regions, 30-32
°C for mountain regions, 33 °C for inland regions, 32 °C for southern regions and 33 °C for
southeastern regions. In the future period it is anticipated to increase about 1.7-2 °C for
western regions, 2-2.7 °C for mountain regions, 2.4 °C for inland regions, 2.3 °C for southern
regions and 2.3 °C for southeastern regions. However there is no data available for the
response of soil desertification to anticipated increase in temperature. Further research is
required.

Generally, annual total precipitation appears to have minor decreases or no changes at all.
The only region with an increase in total annual precipitation, minor though (up to 5mm), is
the area around Orites Forest, east from Paphos. In seasonal projections of precipitation
winter and autumn rainfall show the most important changes. Concerning winter total
rainfall, a decrease of about 0-20 mm is anticipated in for all the domain of study. As a
result, for western and mountain regions and southern regions a precipitation of about 210
mm and 150mm respectively is anticipated. For southeastern district precipitation will be
about 70 mm in comparison with present-day climate where precipitation is 230 mm and 90
mm respectively. A similar pattern to winter is evident for autumn precipitation where a
decrease of about 10-15 mm is anticipated for the whole study domain. More specifically
future amounts of autumn rainfall will reach 55 mm in southeastern and southern district,
that are low soil protection areas, 95 mm for mountain region and 135 mm for western
regions compared with current amounts which are 70 mm, 110 mm and 150mm. However
there is no data available for the response of soil desertification due to decrease in
precipitation for Cyprus. Further research is required.
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3.4 Future vulnerability assessement

In this section, the future vulnerability of soil resources to climate change impacts is
assessed in terms of their sensitivity, exposure and adaptive capacity based on the available
quantitative and qualitative data for Cyprus and the climate projections for the period 2021-
2050. In particular, sensitivity is defined as the degree to which soils will be affected by
climate changes, exposure is the degree to which soils will be exposed to climate changes
and their impacts while the adaptive capacity is defined by the ability of soil resources to
adapt to changing environmental conditions which is also enhanced by the measures
implemented in Cyprus in order to mitigate the adverse impacts of climate change on the
sector.

It has been attempted to use the same the indicators used for the assessment of sensitivity,
exposure and adaptive capacity of Cyprus soil resources to climate change impacts with
those used for the assessment of current vulnerability of soil resources sector wherever
similar data for the future were available in order for the results to be comparable.
Indicators used for the future vulnerability assessment of climate change impacts on soil
resources are summarized in Table 3-4.

Table 3-4: Indicators used for the future vulnerability assessment of climate change impacts on the
soil resources of Cyprus

Vulnerabili
ulnerability Selected indicators

Variable
Soil erosion (by wind and/or rain water)
For wind erosion

—  Wind velocity

F — Changes in precipitation

>

:‘é

g For water rain erosion
— Soil composition
— Decrease in precipitation associated with strong seasonal winds
—  Wind velocity
— Areas of sparse vegetation
— Areas of soil surface roughness

) — Areas with erodible soils

2 — Areas of limited soil fertility

§- — Land uses (maps)

"'" — Areas where slopes have slope greater than 12%
— Sparse vegetation cover
— Intensity of rain
— Changes in precipitation
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Lo

— Terracing

— Natura 2000

Measures for the protection of the coastal areas from erosion

— National Forest Strategy

— Rural Development Program 2007-2013 (Measures 2.1 and 2.3.6.)

Adaptive
capacity
|

Landslides
2 — Slope stability*
> . oy .
iz — Soil composition
2 — Increase in rainfall intensity
()} . .
n — Change of climatic parameters
o
2
S — Areas of recorded soil slippage events
x
wl

— Technical structures

— Terracing (with grants from the E.U.)

— Research project entitled ‘Study of landslides in areas of Paphos
District’

Adaptive
capacity

Soil contamination

>
=]

2 — Surface percentage of areas of calcic soils (for the acidification of
= X

2 soils)

()}

(%]

(] T . .

= — Acidification of soils

§ — Nitrogen and phosphorus content of soils

& — Precipitation changes

— Nitrate Directive

— Good Agricultural Practices

— Enforcement of the European legislation
— Water Pollution Law

Adaptive
capacity

Soil salinization-sodification

Fn — Soil composition

:E — Treated irrigation water with high percentage of salts
2 — Saline water from aquifer boreholes for irrigation

a

Q .. .

= — Areas of salinized soils

e — Crop areas using inferior quality water

x

w

— Enforcement of Water Framework Directive
— Salt Infiltration capacity of rain

Adaptive
capacity
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Desertification
— Overexploitation of water and soil resources
— Growing water demand
o — Economic growth and development of the urban and coastal areas
Ié — Aging of the rural population
E — Abandonment of the traditional agricultural activities
A — Reduction of rainfall
— Topography
— Poor on desertification and erodible soils
— Areas of soil sealing and soil compaction
— Areas of increased groundwater use and demand
) — Abandoned areas
= — Areas of excessive slopes
§- — Area (surface percentage) of prone to desertification and erodible
"'" soils
— Changes in temperature
— Changes in precipitation
— Surface percentage of vegetation cover
_2 F — Measures for combating desertification applied on the agricultural
§ § sector, the forest sector, the animal husbandry sector, the water
'<° 4 resources sector, the coastal areas, the societal and economic sector
— Measures for the elimination of SO, NO,, VOCs and NH, emissions.

* No date available for this indicator

The relationship between sensitivity, exposure and adaptive capacity is based on the
following qualitative equation:

Vulnerability = Impact — Adaptive capacity
where Impact = Sensitivity * Exposure

Sensitivity, exposure and adaptive capacity are evaluated on a 7-degree qualitative scale
ranging from “none” to “very high”.

The vulnerability of soil resources in Cyprus is assessed for the following impact categories
presented in Section 4.3:

Soil erosion (by wing and/or rain water)

Landslides

Contamination (heavy metals, nitrates, phosphates, al saturation)

Soil salinization-sodification

LA S

Desertification

The future vulnerability assessment of “Water retention capacity (reduction of available soil
moisture) of soils”, “Loss of soil organic matter”, “Soil organic carbon content” and “Soil
biodiversity” was not assessed for the case of Cyprus due to lack of sufficient research data.
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Nevertheless the future vulnerability of soils will vary substantially as it is related to the
different rate and magnitude of climate change in different parts of Cyprus. The variability of
the air pollution levels, altitude, temperature and rainfall variations, meteorological
conditions (e.g. wind, moisture), local geomorphology and soil characteristics will have an
impact on soil resources which in order to be assessed a systematic research is essential to

be carried out.

3.4.1 Soil Erosion (by wind and/or rain water)

3.4.1.1 Assessment of sensitivity and exposure

Sensitivity

The process of soil erosion involves detachment of material by two processes: raindrop
impact and flow traction. This material is transported either by saltation through the air or
by overland water flow (JRC, 2012). Sensitivity of soil erosion is affected by wind velocity,
and precipitation changes.

Wind erosion (movement of very small particles on the surface) occurs when wind speed
exceeds 4,5m/s. It is increased by wind speed and reduced by soil surface roughness. In
Cyprus, a statistical analysis on winds indicates that at coastal areas the mean annual wind
velocity ranges between 4 and 6 m/s, and reduced further inland (Pasiardes, 1995).
Particularly high velocities in certain high points of Mesaoria plain are due to strengthening
of westerly winds by the funneling effect between the Troodos and the Kyrenia mountains
(I.LA.CO Ltd, 2007).

Soil erosion is affected by precipitation as well. A change in the intensity and pattern of
precipitation can affect plains significantly due to the soil composition and the sparse
vegetation cover. Nevertheless, sensitivity of soil erosion due to changes in precipitation is
not going to be affected in the future period (2021-2050) since both seasonal and annual
precipitations are not expected to change significantly. Additionally heavy rain events are
expected to increase about 1-4 mm.
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Considering the above, the sensitivity of soil erosion in Cyprus for the future period (2021-
2050) can be characterized as moderate to high.

Exposure

Wind erosion is not very common in Cyprus, but can take place in areas with low vegetation
cover (I.A.CO Ltd, 2007), erodible or pulverized soils and hilly areas with slope greater than
12% (Kosmas, 1999).

In specific, soils with shallow rock contact (Leptosols, Lithosols, Lithic Xerorthents) -
especially those formed on limestone of the semi-arid and arid zones, and soils of dry hilly
areas have a reduced resistance to erosion. Such erodible soils are located in the central
mass of Troodos range, due to their shallow, rocky with steep slopes features (slope of 18%
and 12% cover the 10% and 22% of the island respectively).

MAP OF VEGETATION COVER

Vegetation cover

1.0
HIGH
LoW 1.8
VERY LOW 2.0

Taood A0 km

Envimmmental and watsyConsnlant:

Figure 3-3: Map of vegetation cover

For Troodos range, as PRECIS projections show, is anticipated a decrease of about 0.1 m/s in
wind speed. However soils of mountain areas due to vegetation cover are not prone to soil
erosion (Figure 3-3) so exposure degree may not be affected. In low level areas of Cyprus
were soil protection and vegetation cover is low (Figure 3-3,Figure 3-5), wind speed is
anticipated to decrease about 0.1-0.2 m/sec. Those wind speeds are not expected to affect
soil erosion exposure degree.
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Figure 3-4: Changes in annual mean wind speed between the future (2021-2050) and the control
period (1961-1990).
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Figure 3-5: Map with the scale of soil protection from erosion
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Source: .LA.CO Ltd, 2007

Maps presented in Figure 3-3, Figure 3-4 and Figure 3-5 can lead to the conclusion that very
low soil protected areas, with low vegetation cover, anticipate the higher decrease in wind
speed. As a result degree of exposure to soil erosion may be decreased. However the
decrease in speed is not significant so further research is required to estimate exposure.

Another fact that enhances the belief that exposure to soil erosion due to wind will not be
increased in the future period (2021-2050) is that the number of days with mean wind speed
greater than 5 m/s are going to decrease. In western, southeastern and inland areas with
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the lowest vegetation cover and soil protection a decrease of about 12 days is anticipated
while in mountain areas that are supposed to be more protected from wind erosion the
decrease varies from 5 days to 10 days depending on the elevation. Also southern areas
present a slight decrease of about 5 days.
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Figure 3-6: Changes in the number of days with mean wind speed > 5m/s between the future (2021-
2050) and the control period (1961-1990).

Maps presented in Figure 3-3, Figure 3-4 and Figure 3-6 can lead to the conclusion that very
low soil protected areas, with low vegetation cover, anticipate the higher decrease in the
number of days with mean wind speed greater than 5 m/s for the future period. Thus the
degree of exposure to soil erosion may be decreased.

Another parameter affecting exposure to soil erosion is rain water. Rain water erosion has
already damaged the horizon A (topsoil consisting the first 0-25cm of ground) of many areas
of the island of Cyprus, such as Aradippou-Koshi (I.A.CO Ltd, 2007). This leads to reduced soil
fertility especially in areas where soils are shallow or have subsurface of low fertility.

Both heavy rainfall and ordinary rainfall can have an impact on soil erosion while in spring,
when soils are most vulnerable because of degraded crop residue cover, soil preparation by
tillage and no crop canopy, rains are coming hard and fast causing substantial soil erosion.
Further research is essential to connect degree of exposure to soil erosion with rain intensity
and amount. In this frame, forecasting of rainfall intensity and frequency are presented as a
baseline for a future study.

In specific, PRECIS projections show that a slight increase of about 2-4 mm in annual max total
rainfall over 1 day is anticipated in western, inland and mountain regions. Additionally,
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southern and southeastern areas present an increase of about 1 mm in annual max total
rainfall over 1 day. A comparison between maps presented in Figure 3-3, Figure 3-4 and Figure
3-7 can lead to the conclusion that very low soil protected areas, with low vegetation cover,
anticipate the higher decrease in heavy rain events (in terms of annual maximum total
precipitation over 1 day) for the future period. Thus the degree of exposure to soil erosion
may be decreased.
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Figure 3-7: Changes in annual maximum total precipitation over 1 day between the future (2021-
2050) and the control period (1961-1990).

Concerning ordinary rainfall, no change is anticipated in the future period (2021-2050) both
for spring and summer total precipitation. However for winter and autumn are remarkable
changes. For western and mountain regions were soil protection is high a precipitation of
about 210 mm is anticipated, while for southern regions precipitation of 150mm is forecasted
respectively. For southeastern district, that soil protection is low, precipitation will be about
70 mm. That depicts a change of about 20 mm in comparison with the current period. A
comparison among maps presented in Figure 3-3, Figure 3-4 and Figure 3-8 can lead to the
conclusion that decreased winter precipitation may not affect degree of exposure to soil
erosion.
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Figure 3-8: Changes in winter total precipitation in the near future (Future — Control period) using
PRECIS RCM model

A similar pattern to winter is evident for autumn precipitation where a decrease of about 10-
15 mm is anticipated for the whole study domain. More specifically future amounts of autumn
rainfall will reach 55 mm in southeastern and southern district, that are low soil protection
areas, 95 mm for mountain region and 135 mm for western regions, that are high soil
protection areas. A comparison among maps presented in Figure 3-3, Figure 3-4 and Figure
3-9 can lead to the conclusion that decreased autumn precipitation may affect degree of
exposure of very low soil protected areas with low vegetation cover. This conclusion is
enhanced by the fact that autumn follows summer period that soil moisture may decrease.
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Figure 3-9: Changes in autumn total precipitation in the near future (Future — Control period) using
PRECIS RCM model
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To sum up, taking into account the current exposure to soil erosion as well as the relative
future climate changes the exposure of soils to soil erosion for the future period (2021-2050)
can be characterized as high. However further review on correlation of soil erosion and
precipitation is required.

3.4.1.2 Assessment of adaptive capacity

The measures applied in Cyprus which enhance soil protection from erosion are presented
next:

i) The Good Agricultural and Environmental Conditions,

ii) Provision of subsidies to farmers through the Rural Development Programme (RDP) for

increasing vegetation cover and reducing run-off, especially in mountain areas.

iii) Farm-level measures protect soil from erosion by reducing run-off from agricultural land,
especially when livestock manures have been applied. Nevertheless, farm-level restricted
application depends on the private initiative of farmers.

iv) The protection of forests from fires also contributes to the reduction of soil erosion and
run-off, as trees have the capacity to retrain water through their deep routes.

v) Control grazing is another measure for preventing soil erosion and thus run-off.

vi) The application of Advanced Irrigation Systems

vii) Measures undertaken for the protection of the coastal areas

viii) The preservation of animal and plant species

ix) Restoration of natural features such as hedgerows, floodplains and woodlands improve
water retention in soils, absorption and run-off, and buffer agricultural land from extreme
weather events. Since the majority of adaptation measures regarding this issue require
action at the farm level, the government measures to assist adaptation mainly refer to the
provision of economic incentives to farmers.

x) Sustainable agricultural practices protect soil from erosion.

Although there is a rich set of indigenous strategies and policy processes, they are not
sufficient to reduce negative impacts of climate change. The multiple stressors of soil
erosion are difficult to be addressed in semi-arid climate types such as Cyprus.

Following, additional recommended adaptation measures that are considered to further
enhance adaptive capacity towards this impact are presented indicatively. Nevertheless,
their assessment and final selection for implementation will be made through the use of the
Multicriteria Analysis (MCA) tool which will be developed and implemented in the
framework of Actions 4 and 5 of the CYPADAPT project.

— Mandatory implementation of the Code of Good Agricultural Practice
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—  Continuation and increase agri-environmental measures within the RDP with emphasis
on erosion control

— Grants and incentives for maintenance of terracing, and protection walls in sloping lands
even in areas where farming has been abandoned

—  Control of abandonment of farming and support of traditional agricultural practices

— Incentives for terracing in burnt areas and intervention for prevention of increased
erosion

— Implementation of a plan for the sustainable use of land (on the basis of slope and
type, structure, depth and resilience of soil to erosion)

—  Extension of the Goats Law to cover all the areas in Cyprus. The objective is the control
of grazing by license on the basis of the carrying capacity of each area.

— Studies and research for the definition of number of animals that could be accepted by
each area without detrimental impact on its ecosystem. For each area the productive
capacity, the time and intensity of grazing should be evaluated for securing
sustainability

— Reinstatement of the institution of the Rural Constable for the control of illegal and free
grazing

—  Proper soil cultivation
—  Enhancement of land surface cover

As a result, the adaptive capacity of soils to erosion in the future in Cyprus is characterized
as limited to moderate for the future period (2021-2050).

3.4.2 Landslides

Although data records of long-term series are necessary for the evaluation of the impact of
“Landslides” for Cyprus, an attempt was made to present the future susceptibility of Cyprus
to landslides and its probable vulnerability of landslides to climate.

3.4.2.1 Assessment of sensitivity and exposure

Sensitivity

Soil composition, tectonics and topography are factors which increase susceptibility to soil
slippage. Due to lack of relevant information estimated for the future period further
research is required.

Cyprus is well-known for its interesting and often complex geology, particularly in the south-
west part of the island. The reason for the increased susceptibility of this area to landslides is
the remains of former sea-floor deposits and massive submarine slides, which tend to be
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heavily deformed and are rich in the types of clay minerals that are prone to land sliding.
This tendency is exacerbated by the steep terrain and the long history of powerful
earthquakes in the region (British Geological Survey). In addition, climate change increases
the likelihood for land displacements. More specifically changes in temperature and
precipitation could be relevant for more landslides. Further research is required in order to
provide concrete information for the future.

Considering the above, the sensitivity of Cyprus to landslides for the future period (2021-
2050) can be characterised as moderate.

Exposure

Landslides are common in certain areas of Cyprus, but it was not until recently that the
Ministry of Agriculture and Natural Resources and Environment undertook a relevant
research project entitled ‘Study of landslides in areas of Paphos District’ for recording the
landslide events. The project used aerial photography and QuickBird satellite imagery,
supported by field verification and Terrain Classification mapping in order to identify and
map 1842 landslides, cataloguing them within a GIS-based landslide inventory. This has
shown that landslides cover approximately 24% of the 546km? project study area, with the
largest (compound) landslides reaching almost 3km width and 4,5 km length, comprising
spreads of calcareous cap-rock, block slides and substantial earth flows (Hart et al., 2010).

The recent project ‘Study of landslides in areas of Paphos District’'showed that landslides
cover approximately 24% of the 546km? project study area, with the largest (compound)
landslides reaching almost 3km width and 4.5 km length, comprising spreads of calcareous
cap-rock, block slides and substantial earth flows (Hart et al., 2010). In addition, another
study for the evaluation of landslide risk in Europe show that in some places of Cyprus (in
specific areas near Paphos and the mountains of Troodos), the landslide risk varies from
moderate to high with respect to their landscape susceptibility.
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Figure 3-10: Classified landslide susceptibility map of Europe

Source: Van Den Eeckhaut et al., 2010
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Temperature and precipitation changes can have an impact on lanslide occurance (Crozier,
2009). An increase in temperature can cause reduction in antecedent water conditions
through evapotranspiration, a rapid snow melt-runoff and infiltration and increased sea
level. This could lead to lower antecedent water status-more rain required to trigger slides,
build-up of porewater pressure and strength reduction and enhanced basal erosion on
coasts, increase in groundwater levels on coastal slopes respectively. The anticipated
increase in temperature works to the above mentioned direction.

Although further research is required to correlate possibility of landslide events and
temperature increase in Cyprus climatic predictions are presented as a baseline for a future
study.

In specific, Cyprus will experience, in the near future, a warming of about 1 — 2 °C. Winter
minimum and summer maximum temperatures forecasted for the future period (2021-2050)
are presented in the following as the most extreme cases.

Southeastern regions, well-known for its interesting and often complex geology, are
anticipated to have an increase about 2.3°C in summer maximum temperature and about
0.8°C in winter maximum temperature. In Pafos district and Troodos mountain, where
landslide risk is high, temperature is anticipated to reach 6.1°C and 6°C on average in winter
respectively and 34 °C and 32°C on average in summer.
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Figure 3-11: Changes in average summer maximum temperature in the near future (Future —
Control period) using PRECIS RCM model

Maps presented in Figure 3-10 and Figure 3-11 can lead to the conclusion that in areas with
high landslide risk is anticipated the higher increase in average summer maximum
temperature. As a result degree of exposure to landslides may be increased.
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Furthermore winter minimum temperature is anticipated to have an increase of 1°C in
western regions, mountain regions, inland and southern regions and an increase of 0.8°C in
southeastern regions.
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Figure 3-12: Changes in average winter minimum temperature in the near future (Future — Control
period) using PRECIS RCM model

Maps presented in Figure 3-10 and Figure 3-12 can lead to the conclusion that areas with
high landslide risk anticipate an increase in average winter maximum temperature that may
not affect the degree of exposure.

Another climatic change that may affect exposure to landslides is change in anticipated heat
wave days. PRECIS predicts an increase of about 10 days in western regions, 20-30 days in
mountain regions where landslide risk is high, and 30 days in inland, southern and
southeastern regions that have a complex morphology. Thus future heat wave days will be
around 20 days, 40-60 days and 60 days respectively.
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Figure 3-13: Number of heatwaves days in the near future (Future — Control period) using PRECIS
RCM model
Maps presented in Figure 3-10 and Figure 3-13 can lead to the conclusion that areas with
high landslide risk anticipate a significant increase in heat wave days that may increase the
degree of exposure. Further research is required.

Increase in precipitation can lead to landslide triggering by reduction in effective normal
stress leading to reduction in shear strength and increase in cleft water pressures.
Furthermore increase in intensity of precipitation can cause increase in throughflow and
finally increase in seepage and drag forces, particle detachment and piping. Thus future
changes of annual max total rainfall over 1 day should be encountered. PRECIS projections
show that a slight increase of about 2-4 mm is anticipated in western, inland and mountain
regions. Additionally, southern and southeastern areas present an increase of about 1 mm in
annual max total rainfall over 1 day.
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Figure 3-14: Changes in annual maximum total precipitation over 1 day between the future (2021-
2050) and the control period (1961-1990).
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Increase in heavy rainfall is more important in mountain regions that the risk of landslide is
high, deteriorating the situation even more. Maps presented in Figure 3-10 and Figure 3-14
can lead to the conclusion that areas with high landslide risk anticipate a significant increase
in heat wave days that may increase the degree of exposure. Further research is required.

Variability in precipitation and temperature can cause more frequent wetting and drying
cycles that increase fissuring and widening of joint systems and reduction in cohesion and
rock mass joint friction and can result landslide events. Further research is required
concerning future variability in precipitation and temperature in order to assess degree of
exposure.

To sum up, taking into account the current exposure to landslides as well as the relative
future climate changes the exposure of soils to landslides for the future period (2021-2050)
can be characterized as limited to moderate. Further research has to be conducted.

Examples from other countries

In Greece for example surveys have made possible to calculate the probability of exceeding
the limits of rainfall ("thresholds") beyond which it becomes probable a landslide event
(Caine, 1980), and the possible change. This change was used as a measure of the change of
expression on the likelihood of landslides and therefore the status of risk. This procedure
used the limits of Caine (1980) (global threshold - global threshold) and Calcaterra et al.
(2000) (limit in the Mediterranean region - local threshold).

In Spain the influence of rainfall on the erosivlity of soils was estimated by using factor R of
the USLE model, or with the use of more simple relationships that base the estimate on
monthly or annual rainfall values (Renard et al. 1994). Nearing, et al. (2004), applying the
WEEP model to soils characteristic of the USA, determined that for each 1% increase in
annual rainfall, there is a 2% increase in surface runoff and that erosion increases by 1.7%.
The lower sensitivity of erosion than runoff to change is due to the fact that the soil is
protected by the increase in aboveground biomass, resulting from increased rainfall. Rainfall
intensity is also expected to increase in accordance with the intensification of the
hydrological cycle which is expected to cause global warming. In the case of Andalucia,
making use of the Raizal model (MicroLEIS DSS; de la Rosa et al. 2004) and assuming a
foreseeable climatic disturbance for the year 2050, it was found that the risk of water
erosion increases in 47% of soils, although it decreases in 18% of the soils in other areas. The
USLE was developed from erosion plot and rainfall simulator experiments. The USLE is
composed of six factors to predict the long-term average annual soil loss (A). The equation
includes the rainfall erosivity factor (R), the soil erodibility factor (K), the topographic factors
(L and S) and the cropping management factors (C and P) (Renard K.G. and Freidmund J.R,
1994).
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3.4.2.2 Assessment of adaptive capacity

The localized landslides have been encountered with some technical structures and
terracing with grants from the European Union in order to prevent the soil loss. In addition,
a two-year research program of the Geological Survey Department of Cyprus in collaboration
with the British Geological Survey and more recently as part of Scott Wilson’s was carried
out in order to map landslides of Paphos, including mapping and analysis of digital satellite
images (British Geological Survey). Last, one of the most drastic measures taken was the
relocation of of certain mountainous settlements to safer places.

A) In addition, a number of measures undertaken either separately or in conjunction with
one another to face the problem of slope failures and landslides. Such measures include:

e The decrease of the dip of the slope

e The unloading of the land-slit mass

e The construction of berms and terraces

e The controlled pumping of ground water to maintain a stable water table
e The construction of drainage system and retaining walls

B) Depending on the characteristics of each case or rock fall, different measures can be
taken to resolve the problem. The most frequently used method for facing the problem is
the installation of anchors and rock bolts.

C) Remedial measures are often very difficult and include filling up the sinkhole with grout.

Following, additional recommended adaptation measures that are considered to further
enhance adaptive capacity towards this impact are presented indicatively. Nevertheless,
their assessment and final selection for implementation will be made through the use of the
Multicriteria Analysis (MCA) tool which will be developed and implemented in the
framework of Actions 4 and 5 of the CYPADAPT project.

—  Continuation and increase agri-environmental measures within the RDP with emphasis
on erosion control

—  Grants and incentives for maintenance of terracing, and protection walls in sloping lands
even in areas where farming has been abandoned

—  Enhancement of land surface cover

— Implementation of a special plan for incentives and support to farmers for the
installation of improved irrigation systems in the mountainous and semi-mountainous
areas that fall under the sensitive areas to desertification

Consequently the adaptive capacity of landslides to climate changes for the future period
(2021-2050) can be characterized as moderate, due to the fact that landslide is a physical
phenomenon not easily controlled as it depends mainly on geology and soil composition.
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3.4.3 Soil Contamination (heavy metals, nitrates, phosphates, al
saturation)

3.4.3.1 Assessment of sensitivity and exposure

Sensitivity

The risk of soil acidification in Cyprus is limited because most of the soils have well-
developed carbonate accumulations (calcic soils) (I.A.CO Ltd, 2007) as shown in the following
table (Table 3-5). The calcic soils, due to their high concentrations of calcium carbonate
(including limestone and dolomite), are more resistant to acid rain .

Table 3-5: The calcium carbonate content of soils in Cyprus

Areas of Cyprus Calcium carbonate content of soils
Valley and coastal areas 45-55%
Chrysochou valley 30-40%,
Narrow valleys of Gialias, Pediaeos 10-20%,
Morphou alluvial plain 50%,
South eastern Mesaoria (Kokkinochoria) 0-3%,
Troodos igneous massif do not contain free calcium
carbonate
Areas of Episkopi-Akrotiri-Garyllis-Yermasoyia range from 10-30% to 60-70%,
The areas of Pissouri-Paralimni 50-60%,
Soils on the “Nicosia” geological formation 40-60%,
Paphos 10-30%,
Area near Kalavasos 60-70%,
Area near Moni-Pareklishia free from calcium carbonate
Hilly areas except those on the “Mamonia” geological 50-70%.
formation
Source: MANRE
Exposure

Soil contamination in Cyprus is mainly located in areas with extensive use of fertilizers,
urbanization, wastes from husbandry, or uncontrolled landfills. Areas with nitrogen pollution
in groundwater bodies such as the areas Kokkinohoria, Kiti-Pervolia, Akrotiri, Paphos, Poli
Chrysohous, and Orounta which were identified as Vulnerable Nitrate Zones according to
the Directive 91/676/EC (MANRE, 2008), are also possibly exposed to soil pollution too.

The European Environment Agency classified Cyprus, among the 32 EEA member countries
and EEA cooperating countries in 2000 for current legislation (CLE) in 2010 (EEA, 2012), in

! The calcium carbonate (chemically) neutralizes acids, and this is why “liming” is used as an ecological
restoration method to adjust the pH of lakes affected by acid rain (Ghosh, 2002).
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the countries with the lowest percentage of ecosystem area at risk of acidification and
eutrophication as shown in Table 3-6, Figure 3-15 and Figure 3-16.
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Table 3-6: Percentage of natural ecosystem area at risk of acidification (left) and of eutrophication
for the 32 EEA member countries and EEA cooperating countries in 2000 and for two emission
scenarios: current legislation (CLE) in 2010 and 2020, maximum feasible reduction scenario !

Eutrophication Acidification
Area 2000 CLE 2010| CLE 2020| MFR 2020 Area 2000 CLE 2010| CLE 2020| MFR 2020
(kmz) (% at risk){ (% at risk} (% at risk)| (% at risk) (km’) (% at risk})| (% at risk)| (% at risk)| (% at risk)
Albania 16 854 100 EE 99 43 16 954 0 0 0 [4
Austria 40 255 100 94 78 5 35 746 2 1 0 ¥]
Bosnia & Herxegovina | 31 892 89 81 77 40 31 892 17 15 10 0
Belgium 6 250 100 99 94 37 6 250 29 21 19 4
Bulgaria 48 330 94 91 80 18 48 330 0 0 0 0
Switzerland 9625 99 26 91 21 9 805 9 5 3 1
Cyprus 2 461 68 68 68 17 2 461 0 0 0 0
Czech Republic 27 626 100 100 100 99 27 626 28 22 20 5
Germany 102 891 84 67 58 36 102 891 58 32 24 5
Denmark 3584 100 100 100 99 3 584 50 42 37 2
Estania 24 728 67 57 47 5 24 728 0 0 0 [¢]
Spain 187 115 95 93 S0 48 187 115 3 0 0 4]
Finland 240 403 47 41 36 2 273 634 3 2 2 0
France 180 089 98 95 91 41 177 359 12 8 6 1
United Kingdom 92 244 26 19 17 El 81 815 39 19 15 7
Greece 53 671 98 97 97 60 53671 3 1 1 0
Croatia 31 6598 100 100 99 81 31 698 5 3 3 4]
Hungary 20 805 100 100 100 56 20 805 26 8 7 4]
Ireland 2 449 88 81 77 73 8 935 23 8 6 2
Iceland 6122 1] 0 0 0 61 22 16 13 11 7
Italy 124 788 69 61 55 14 124 788 0 0 0 0
Liechtenstein 26 100 100 100 92 26 52 32 0 0
Lithuania 19018 100 100 100 92 19018 34 32 32 4
Luxembourg 1015 100 100 99 98 1015 15 13 13 4]
Latvia 35 823 99 9% 96 44 35823 20 14 12 4]
The FYR of Macedonia 13 945 100 100 100 53 13 945 12 1 0 8]
Netherlands 4 447 94 88 88 76 6 968 76 71 71 60
Naorway 137 701 22 14 11 0 179 158 16 11 10 3
Poland 90 330 100 100 99 68 90 330 77 61 50 3
Partugal 31121 97 83 69 6 31121 8 3 3 4]
Romania 97 964 19 20 15 0 97 964 46 22 12 4]
Sweden 150 865 56 47 43 13 443 660 17 10 S 2
Slovenia 10 996 98 92 82 0 10 996 7 0 0 0
Slovakia 20 532 100 100 100 83 20 532 18 9 [ 0
Serbia & Montenegro 41 108 97 95 92 34 41 108 18 9 3 8]

Source: EEA, 2012

The percentage of sensitive ecosystems at risk of chemical changes with negative effects on

ecosystem function and structure caused by acidification has been calculated by the EEA as

the share of sensitive ecosystems for which critical loads for acidification are exceeded by

deposition of acidifying nitrogen sulphur compounds.

! Hettelingh J-P, Posch M, Slootweg J (eds.) (2008) Critical load, dynamic modelling and impact
assessment in Europa: CCE Status Report 2008, Netherlands Environmental Assessment Agency.
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Figure 3-15: Percentage of ecosystem area at risk of acidification for EEA Member Countries and
EEA Cooperating Countries in 2010 for a current legislation (CLE) scenario®

Source: European Environment Agency, 2012

The percentage of ecosystem at risk of eutrophication and negative changes in nutrient
balances is presented in Figure 3-16. This percentage has been calculated by the EEA as the
share of sensitive ecosystems for which decomposition of oxidized and reduced nitrogen
compounds exceeds the critical loads.
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Figure 3-16: Percentage of ecosystem area at risk of eutrophication for EEA Member Countries in
2010 for a current legislation (CLE) scenario’

Source: European Environment Agency, 2012

! The results were computed using the 2008 Critical Loads database. Deposition data was made
available by the LRTAP Convention EMEP Centre for Integrated Assessment Modeling (CIAM) at the
International Institute for Applied Systems Analysis (IIASA) in autumn 2007.
?> The results were computed using the 2008 Critical Loads database. Deposition data was made
available by the LRTAP Convention EMEP Centre for Integrated Assessment Modeling (CIAM) at the
International Institute for Applied Systems Analysis (IIASA) in autumn 2007.
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More specifically for the forest ecosystems of Cyprus, a research survey was carried out
calculating the critical loads of acidity and nutrient nitrogen for Cyprus forest ecosystems in
order to identify sites where deposition levels have reached a critical state and ecosystems
could be at risk. Calculation of critical loads is based on a mass balance approach that takes
into account atmospheric deposition, stand structure, bedrock and soil chemistry.
Deposition scenarios compiled by the Centre for Integrated Assessment Modelling (CIAM) of
the European Monitoring and Evaluation Programme (EMEP) were provided by the ICP
Modelling and Mapping programme. A comparison between deposition rates and critical
loads allowed to compute the so-called exceedance. For Cyprus at that time only the EMEP
yearly deposition dataset of acidifying sulphur and nitrogen pollution (50 by 50 km grid cells,
EMEP 2003) was available, allowing for a very rough estimation on exceedances. The
comparison between the deposition values in 2000 with the critical loads showed that
nowhere are exceedances in Cyprus (Nagel, 2003; LRTAP/IWF, 2011).

The reason is the relatively high acid neutralisation capacity of the mostly calcareous soils in
Cyprus resulting in high critical loads. As depositions are actually underestimated, local
sources were also taken into account. As a result it was estimated that about 17 % of the
natural ecosystems area is stressed by acid depositions near the critical loads. The area is
located at the lowlands between Pentadactylos and Troodos mountains. In these areas the
main vegetation types are maquis and garique which are characterized by low critical loads.
The comparison between the deposition values of nitrogen compounds in 2000 (EMEP 2003)
with the critical loads shows exceedances in about 60 % of the Cyprian ecosystems. The
critical loads of halophytic vegetation in salt lakes and lagoons near Ammochostos, Lemesos
and Morfou are exceeded more than twice, but also at the Pentadactylos mountains the
actual depositions are higher than critical loads. Also at the circum Troodos sedimentary
succession area exceedance of critical loads is observed. Only critical loads at the Troodos
forests are not exceeded at all (Nagel, 2003).
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Figure 3-17: Exceedance of critical loads for nutrient nitrogen in 2000

Source: LRTAP/IWF, 2011
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Figure 3-18: Exceedance of critical loads for acidity in 2000

Source: LRTAP/IWF, 2011

Soil contamination due to acidity and nitrogen pollution of groundwater bodies can be
affected by changes in precipitation. Further research is required in order to estimate the
anticipated response of soil contamination due to changes in precipitation. Climatic
predictions are presented as a baseline for a future study.

Annual total precipitation and seasonal precipitation will have a decrease of about 0-20 mm
for the whole domain of study with a minimum value of about -120mm in the peninsula of
Karpasia. This decrease in precipitation may have negative impact on water availability and
thus in freshwater quality, affecting in this way freshwater biodiversity. However further
research is required to estimate response of soil contamination in precipitation changes.

In western regions chemical and ecological status of river and lake bodies is estimated as
good affecting positively soil quality. Although in annual total rainfall the decrease is minor
the anticipated decrease of about 0-20mm in winter total precipitation may affect this status
characterization. The same decrease is anticipated in mountain, southern and southeastern
regions that the most vulnerable nitrate zones are situated and ecological and chemical
status of lakes and rivers is estimated as moderate. More specifically future precipitation
(2021-2050) is expected to be around 210 mm in western and mountain regions, 70mm in
inland and southeastern regions and 150mm in southern regions.

A similar pattern to winter is evident for autumn precipitation where a decrease of about
10-15mm is anticipated for the whole study domain. More specifically future amounts of
autumn rainfall will reach 55 mm in southeastern and southern district that the most
vulnerable nitrate zones are situated, 95 mm for mountain region and 135 mm for western
regions compared with current amounts which are 70 mm, 110 mm and 150mm. As already
mentioned western regions depict a good ecological status of river and lake bodies that
affect soil quality while in rest of the areas the status is considered moderate.

Further research is required on impact of future changes in annual and seasonal
precipitation on acidification, eutrophication and ozone contamination of soils in order to
estimate the anticipated response of soil contamination.
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To sum up, taking into account the current exposure to soil contamination as well as the
relative future climate changes the exposure of soils to soil contamination for the future
period (2021-2050) can be characterized as moderate.

3.4.3.2 Assessment of adaptive capacity

The Pollution Control Division of the Ministry of Agriculture, Natural Resources and
Environment of Cyprus has the responsibility for the protection, control and prevention of
pollution of water and soil from the operation of industrial and farming activities as well as
any other human activity that may or tends to pollute the waters and the ground. The
legislation named “The Control of Water Pollution Laws of 2002 to 2009” include the law
106(1)/2002 and its amendments (160(1)/2005, 76(1)/2006, 22(1)/2007, 11(1)/2008,
53(1)/2008, 68(1)/2009, 78(1)/2009) is relevant to the protection of water and ground form
pollution.

Furthermore the Directive 91/676/EEC on the protection of waters against pollution caused
by nitrates has been harmonized in the legislation of Cyprus with the Law on Water Pollution
Control No. 106(1)/2002. For its implementation, the Department of Agriculture has
established a (i) Code of Good Agricultural Practice as well as an (ii) Action Plan to prevent or
reduce water pollution from nitrates.

i) Code of Good Agricultural Practice

The Code of Good Agricultural Practice which has been enacted by the Presidential
Decree No. 263/2007 aims to reduce nitrate pollution from fertilizer use and livestock
waste and the introduction of acceptable practices for the use of recycled water in
irrigation and municipal sludge in agriculture that protect public health and the
environment. However, the compliance with the guidelines of the code is prescriptive.

For certain types of facilities with significant potential 'polluting' activities implemented
additionally "on the Integrated Prevention and Pollution Control Laws of 2003 - 2008" (Law
56 (1) / 2003, Law 15 (I) / 2006 and Law 12 (I) / 2008). These laws aim to prevent emissions
to air and discharges to water and land-based weather and take the necessary measures,
notably the introduction of Best Available Techniques (BAT) in order to achieve the highest
level of environmental protection.

The protection of waters and soil, under the above laws are related to the granting discharge
authorizations under the Ministry of Agriculture, Natural Resources and Environment.
Permissions define environmental terms, depending on the type of each facility, for the
rational management of liquid and solid wastes and their disposal in a controlled
environment.

The implementation of the abovementioned measures has resulted in a significant reduction
of soil contaminating activities in Cyprus. However, the natural remediation of the soils
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requires several years to take place while there are several techniques which are applied for
the decontamination of sails.

Following, additional recommended adaptation measures that are considered to further
enhance adaptive capacity towards this impact are presented indicatively. Nevertheless,
their assessment and final selection for implementation will be made through the use of the
Multicriteria Analysis (MCA) tool which will be developed and implemented in the
framework of Actions 4 and 5 of the CYPADAPT project.

— Control the use of marginal quality water and proper advising on the impact of soils

— Provision of good quality irrigation water for leaching purposes where possible

— Ensuring drainage of irrigated soils
—  Further reduction of water losses

— Implementation of a special plan for incentives and support to farmers for the
installation of improved irrigation systems in the mountainous and semi-mountainous
areas that fall under the sensitive areas to desertification

Consequently adaptive capacity for the future period (2021-2050) to soil contamination in
Cyprus is considered to be moderate.

3.4.4 Soil Salinization - Sodification
3.4.4.1 Assessment of sensitivity and exposure

Sensitivity

Soil salinization in Cyprus is a combination of natural soil salinization and man-made soil
salinization or secondary salinization. In Cyprus almost the soils are characterized as alkaline
(Koudounas, 2001; I.A.CO Ltd, 2007). In addition, certain areas are affected by soil
salinization due to the use of treated waste water with high salt content and the use of
inferior quality water from aquifer boreholes for irrigation in combination with the more
frequent consecutive years of droughts and the increased water demand. As a result, the
sensitivity of soil salinization for the future period (2021-2050) for Cyprus can be
characterized moderate to high.

Exposure

Cyprus exposure to salinization is evaluated according to indicators such as areas of salinized
soils and crop areas using inferior quality water. Further research is required concerning the
second indicator.

Cyprus has moderate exposure to soil salinization. Soils of the affected areas on the eastern
part of the island are saline more than 50%, as shown in the following map (Figure 3-19).
Certain areas of Larnaca are affected by the use of treated waste water with high salt
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content, and others (such as Akrotiri, Syrianochori, Livadia—Oroklini, Acheritou—Egkomi and
on the west of Larnaca) by the use of inferior quality water (I.A.CO Ltd, 2007).
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Figure 3-19: Saline and sodic soils in European Union

Source: JRC, 2012
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Figure 3-20: Salinization in the groundwater bodies of Cyprus

Source: WDD, 2008

There is no information available for salinization of ground water bodies and soil salinization
due to climate change for Cyprus. However such conditions can be affected by increases in
temperature and reduced precipitation. Although further research is required to correlate
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temperature -precipitation change and soil salinization, climatic predictions for the future
period (2021-2050) are presented as a baseline for a future study.

More specifically Cyprus will experience, in the near future, a warming of about 1 — 2°C.
Winter minimum and summer maximum temperatures are presented in the following as the
most extreme cases.

Winter minimum temperature is anticipated to have an increase of 0.8-0.9°C in western,
southern and eastern coastal areas that most of the saline ground water bodies are located. In
mountain areas that no salinization in soils exists winter minimum temperature increase is
about 0.9°C. Summer maximum temperature in western, southern and eastern coastal areas
that most of the saline soils are located is anticipated to increase about 1.8-2.2°C. In mountain
areas that no salinization in ground water bodies exists summer minimum temperature
increase is about 2.3-2.7°C. However there is no data available for the response of salinization
of ground water bodies to anticipated increase in temperature. Further research is required.

Generally, annual total precipitation appears to have minor decreases or no changes at all.
However for seasonal total rainfall changes are forecasted for the future period (2021-2050)
Concerning winter total rainfall, a decrease of about 0-20 mm is anticipated in for all the
domain of study. As a result, for western, southern and eastern coastal areas that most of the
saline ground water bodies are located precipitation is anticipated to decrease about 0-20
mm. In mountain areas that no salinization exists in ground water bodies winter total rainfall
decrease is about 10mm. A similar pattern to winter is evident for autumn precipitation where
a decrease of about 10-15 mm is anticipated for the whole study domain. More specifically
future amounts of autumn rainfall for western, southern and eastern coastal areas will
decrease about 10-15 mm and in mountain areas that no salinization exists in ground water
bodies, autumn total rainfall will decrease about 10mm.

There is no data available for the response of salinization of ground water bodies and soil
salinization due to decrease in precipitation for Cyprus. Further research is required. However,
considering that the future climate changes affecting soil salinization are minor, they are not
expected to significantly increase future exposure.

To sum up, taking into account the current exposure to salinization as well as the relative
future climate changes, it is expected that the future exposure of soils to the risk of soil
salinization is moderate.

3.4.4.2 Assessment of adaptive capacity

Studies have shown that the accumulations of salt are washed out to the sea with
precipitation. Furthermore the law on the control of groundwater abstractions to reduce
overexploitation and salinization “Integrated Water Management 79(1)/2010” which has
been enforced in Cyprus since 2010, sets strict requirements on the granting of permissions
for the drilling of boreholes and the pumping of groundwater. Furthermore, the Law
foresees the installation and monitoring of water meters in boreholes, in order for the
quantities of water pumped not to exceed the limits set. It is expected that with the new
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Law a considerable number of violations, that have been made in the past, will be
eliminated. What is more, the salinity of the water used for irrigation and recharge is
monitored in order to avoid further deterioration of the groundwater bodies.

Following, additional recommended adaptation measures that are considered to further
enhance adaptive capacity towards this impact are presented indicatively. Nevertheless,
their assessment and final selection for implementation will be made through the use of the
Multicriteria Analysis (MCA) tool which will be developed and implemented in the
framework of Actions 4 and 5 of the CYPADAPT project.

— Provision of good quality irrigation water for leaching purposes where possible

— Regular monitoring of the salinity and salinization of soils and of the quality of irrigation
water

— The irrigation should cover leaching requirements in addition to the plant’s needs
especially where the water has an increased salinity

—  Further reduction of water losses

— Implementation of a special plan for incentives and support to farmers for the
installation of improved irrigation systems in the mountainous and semi-mountainous
areas that fall under the sensitive areas to desertification

Considering the above the adaptive capacity of soil resources in Cyprus is limited to
moderate.

3.4.5 Desertification
3.4.5.1 Assessment of sensitivity and exposure

Sensitivity

Overexploitation of water and soil resources, growing water demand, economic growth and
development of the urban and coastal areas, aging of the rural population, abandonment of
the traditional agricultural activities, reduction of rainfall, topography and poor and erodible
soils__are responsible for the naturally increased sensitivity of the island towards
desertification. The only areas which are less prone to desertification are the mountain areas
of Troodos due to the dense vegetation cover (Figure 3-21).
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Geographical distribution of soil quality on desertification
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Figure 3-21: Geographical distribution of soil quality on desertification

In addition, some social aspects of Cyprus in combination with these physical characteristics
of the island (topography, reduction of rainfall and poor on desertification and erodible soils)
contribute to the deterioration of the phenomenon of desertification. One of the most
important indicators for desertification is the overexploitation of water resources over the
last 50-60 years with the reduction of water levels and water quality (various recorded levels
of sea intrusion) due to the growing water demand and the increased groundwater use.
Another parameter is the effects of the economic growth and development of the urban and
coastal areas with the abandonment of the traditional agricultural activities and the aging of
the rural population leading to the overexploitation of soil resources of the urban and
coastal areas and the abandonment of the rural areas.

Considering the above, the sensitivity of Cyprus for the future period (2021-2050) to
desertification can be characterized very high.

Exposure

Seriously eroded soils in semi-arid zones are found at sloping areas with excess higher than
12%. Hilly areas in Cyprus with slope excess of 12%, cover the 22% of the island. A large
surface percentage of these hilly areas are covered by permanent vegetation (Figure 3-22)
and are less affected by desertification. The most sensitive areas seem to be the plains,
which are mostly covered by seasonal crops.
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GEOGRAPHICAL DISTRIBUTION
OF VEGETATION QUALITY

ON DESERTIFICATION

Figure 3-22: Geographical distribution of vegetation quality on desertification

Source: |.A.CO Ltd, 2007

Furthermore, the areas which are considered more prone to desertification are the urban
and coastal areas due to the increased groundwater use and demand, soil sealing (and soil
compaction, and the abandoned rural areas due to the economic growth and development
of the urban and coastal areas are more prone to desertification (Figure 3-23).

GEOGRAPHICAL DISTRIBUTION OF QUALITY
MANAGEMENT AND ANTHROPOGENIC PRESSURES
ON DESERTIFICATION
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Figure 3-23: Geographical distribution of quality management and anthropogenic pressures on
desertification

Source: |.A.CO Ltd, 2007
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As shown in Figure 3-24 and Figure 3-25, desertification is characterised by high sensitivity
for the current period. A surface area of 57% is characterized as “Critical”, 42.3% as “Fragile”
and only 0.7% as “Potential” to desertification (I.A.CO Ltd, 2007).

Geographical distribution of the Environmentally
Sensitive Areas to Desertification

SENSITIVITY INDICES
TO DESERTIFICATION
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Figure 3-24: Geographical distribution of the Environmentally Sensitive Areas to Desertification

Source: .LA.CO Ltd, 2007
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Figure 3-25: Map of global desertification vulnerability

Source: NRCS, 1998

Climate change and in specific reduction of precipitation and temperature rise, can
deteriorate the phenomenon of desertification. Further research is required to correlate
future desertification with changes in temperature and precipitation. Nevertheless, climatic
predictions are presented as a baseline for a future study.
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According to the previous maps areas that are sensitive to desertification are the areas with
lower soil quality that are mainly coastal areas and low elevation areas. Anticipated changes
in winter minimum and summer maximum temperatures are presented in Figure 3-26 and
Figure 3-27 as the most significant cases for all areas.

In regions less prone to desertification, which are mainly mountain areas, temperature is
anticipated to increase about 1°C on average in winter and 2-2.7°C on average in summer. In
the rest areas were sensitivity to desertification is more critical winter minimum
temperature is anticipated to have an increase of about 0.8- 1°C. Summer maximum in the
future period is anticipated to increase about 1.7-2 °C for western regions, 2.4 °C for inland
regions, 2.3 °C for southern regions and 2.3 °C for southeastern regions. As a result average
summer maximum temperature and winter minimum temperature is anticipated to increase
less in areas more prone to desertification than mountain areas. However effect of this
increase in exposure degree to desertification requires further research.
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Figure 3-26: Changes in average winter minimum temperature in the near future (Future — Control
period) using PRECIS RCM model
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Figure 3-27: Changes in average summer maximum temperature in the near future (Future —
Control period) using PRECIS RCM model

Impact of anticipated changes in precipitation in degree of exposure to desertification may
not be significant since changes in precipitation are predicted as mild for all areas. In winter
and autumn rainfall the decrease in precipitation is anticipate to be 20mm and up to 15mm
respectively

More specifically for mountain regions that are less prone to desertification a precipitation of
about 210mm is anticipated for winter and 95 mm for autumn total rainfall. For western,
southern and inland regions, more prone to desertification and of lower soil quality, winter
total rainfall will be about 210 mm, 70mm and 150mm respectively. For southeastern district
that is covered by prone to desertification regions especially in the coastal areas precipitation
will be about 70 mm. A similar pattern to winter is evident for autumn precipitation where
autumn rainfall will reach 55 mm in southeastern and southern district and 135 mm for
western regions.
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Figure 3-28: Changes in winter total precipitation in the near future (Future — Control period) using
PRECIS RCM model
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Figure 3-29: Changes in autumn total precipitation in the near future (Future — Control period) using
PRECIS RCM model

To sum up, taking into account the current exposure to desertification as well as the relative

future climate changes, the exposure of soils to desertification for the future period (2021-

2050) can be characterized as very high.

3.4.5.2 Assessment of adaptive capacity

The resilience of soils against desertification includes parameters such as good soil quality
and vegetation cover. In Cyprus, there is poor soil quality on desertification while vegetation
cover is restricted to the mountain areas. Provided that it requires the coordinated action
from the majority of sectors (i.e. agriculture, forestry, water resources etc), there is a series
of measures ranging from legislation, to government works and private initiatives for the
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reduction of the escalation of the phenomenon. However, the phenomenon of
desertification cannot be easily addressed in semi-arid climate types similar to Cyprus.

Following, additional recommended adaptation measures that are considered to further
enhance adaptive capacity towards this impact are presented indicatively. Nevertheless,
their assessment and final selection for implementation will be made through the use of the
Multicriteria Analysis (MCA) tool which will be developed and implemented in the
framework of Actions 4 and 5 of the CYPADAPT project.

— Mandatory implementation of the Code of Good Agricultural Practice

— Continuation and increase agri-environmental measures within the RDP with emphasis on
erosion control

— Grants and incentives for maintenance of terracing, and protection walls in sloping lands
even in areas where farming has been abandoned

— Control of abandonment of farming and support of traditional agricultural practices

— Incentives for terracing in burnt areas and intervention for prevention of increased
erosion

— Implementation of a plan for the sustainable use of land (on the basis of slope and type,
structure, depth and resilience of soil to erosion)

— Extension of the Goats Law to cover all the areas in Cyprus. The objective is the control of
grazing by license on the basis of the carrying capacity of each area.

— Studies and research for the definition of number of animals that could be accepted by
each area without detrimental impact on its ecosystem. For each area the productive
capacity, the time and intensity of grazing should be evaluated for securing sustainability

— Reinstatement of the institution of the Rural Constable for the control of illegal and free
grazing

— Provision of good quality irrigation water for leaching purposes where possible

— Regular monitoring of the salinity and salinization of soils and of the quality of irrigation
water

— Ensuring drainage of irrigated soils

— The irrigation should cover leaching requirements in addition to the plant’s needs
especially where the water has an increased salinity

— Further reduction of water losses
— Proper soil cultivation

— Enhancement of land surface cover
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— Implementation of a special plan for incentives and support to farmers for the installation
of improved irrigation systems in the mountainous and semi-mountainous areas that fall
under the sensitive areas to desertification

For these reasons, the adaptive capacity is characterized as limited to moderate.
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3.4.6 Assessment of overall future vulnerability

The principal aim of this chapter is to identify the key future vulnerabilities of soil resources
to climate changes, as well as to assess the magnitude of these future vulnerabilities.
However, it must be noted that, as there were no sufficient data to evaluate all indicators
further research is required.

In order to quantify the vulnerability potential of soil resources against a climatic change
impact, the values of sensitivity, exposure, adaptive capacity and vulnerability are quantified
as follows:

Degree of sensitivity, exposure

D f vul ili
e Y egree of vulnerability

None 0 None V<0
Limited 1 Limited 0<v<1
Limited to Moderate 2 Limited to Moderate 1<V<2
Moderate 3 Moderate 2<V<3
Moderate to High 4 Moderate to High 3<v<4
High 5 High 4<\V/<5
High to Very high 6 High to Very high 5<V<6
Very high 7 Very high 6<V<7
Not evaluated - Not evaluated -

Since vulnerability is defined by the following formula:

Vulnerability = Impact — Adaptive capacity
where Impact = Sensitivity * Exposure

“Impacts” and “Adaptive capacity” should be evaluated on the same scale (1-7). For this to
be achieved, the square root of “Sensitivity x Exposure” is used. The results of the
vulnerability assessment for the soil resources in Cyprus are summarized in Table 3-7.
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Table 3-7: Overall vulnerability assessment of soil resources in Cyprus to climate changes

Adaptive
Capacity

Sensitivity Exposure

Vulnerability

Soil erosion (by wind Moderate to Limited to Moderate
and/or rain water) High (4) Moderate (2) (2.5)

. Limited to
Landslides Moderate (3) Moderate (2) Moderate (3) None(-0.6)
Soil contamination Limited (1) Moderate (3) | Moderate (3) | None (-1.3)
Soil salinization - Moderate to Moderate (3) Limited to Il-\l/ln;:;s?atz
sodification High (4) Moderate (2) (1.5)

Limited to

Desertification Moderate (2)

The most important impacts of climate changes on the soil resources of Cyprus are the
extensive desertification and the soil erosion by rain water. In specific, the most important
problem of Cyprus on soils in the future seems to remain the phenomenon of
desertification. Soil erosion, which is actually one of the factors causing desertification,
constitutes also key future vulnerability for the soils resources of Cyprus mainly due to the
intensive agricultural activities taking place and the increasing percentage of abandoned
rural land. Soil salinization is the third future vulnerability priority caused by the salinization
of coastal aquifers and the irrigation with low quality (saline) water.

It must be mentioned that the characterizations used in this report are only qualitative and
based on the available data for the soil resources of Cyprus in comparison with the rest of
Europe. An important conclusion of this report, especially due to the extensive land
degradation, is the necessity for further thorough research for the soil resources of the
island.
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4.1 Climate change and coastal zones

Coastal zones are amongst the most dynamic natural environments on earth, including
natural ecosystems such as coral reefs, mangroves, beaches, dunes and wetlands, in
addition to important managed ecosystems, economic sectors, and major urban centers. A
large part of the global human population lives in coastal areas and a considerable portion of
global economic wealth is generated in coastal zones (Klein, 2002).

Human-induced global climate change and associated sea-level rise can have major adverse
consequences for coastal ecosystems and societies (Klein, 2002). Coastal environments,
settlements, and infrastructure are exposed to land-sourced and marine hazards such as
storms (including tropical cyclones), associated waves and storm surges, tsunamis, river
flooding, shoreline erosion, and influx of biohazards such as algal blooms and pollutants. All
of these factors need to be recognized in assessing climate-change impacts in the coastal
zone (MclLean et al.,, 2001). In the Second Assessment Report of the Intergovernmental
Panel on Climate Change (IPCC), Bijlsma et al. (1996) noted that climate-related change in
coastal zones represents potential additional stress on systems that are already under
intense and growing pressure.

The impact, vulnerability and adaptation assessment for the coastal zones regarding the
climate changes that have occurred the recent years in Cyprus (CYPADAPT, 2012), concluded
that the current vulnerability of the coastal zones in Cyprus to climate changes focuses
mainly on coastal erosion, which already constitutes a pressure for Cyprus’ coasts and
although it is addressed in a quite satisfactory degree, it is expected that climate changes
will accelerate the phenomenon. The impact of coastal storm flooding and inundation is
considered to present limited vulnerability for Cyprus’ coasts taking into consideration the
fact that this is not such an extensive issue for Cyprus for the time being, while the impact of
the degradation of coastal ecosystems was not evaluated due to absence of sufficient
information on the subject.

In the sections that follow, an attempt is being made to assess the impacts of future climate
changes on the coastal zones of Cyprus based on the climate projections output produced by
the PRECIS (Providing Regional Climates for Impact Studies) regional climate model as well
as on other socio-economic projections for the period 2021-2050. The reason why PRECIS
was selected to be used in the present study is that, unlike in other regional climate models,
in PRECIS Cyprus lies at the center of the domain of the study. The future period 2021-2050
has been chosen, instead of the end of the twenty-first century as frequently used in other
climate impact studies, in order to assist stakeholders and policy makers to develop near
future plans.
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4.2 Baseline situation

Cyprus is the third largest island in the Mediterranean having a total shoreline of 772 km, of
which 296 km (38%) are within the area on which the Government exercises effective
control, 404km (52%) are in the occupied part and 72km (10%) are within the British Military
Bases. Except for Nicosia, all other major towns are settled across the shoreline. In Cyprus
there is no single legal or functional definition of the ‘coastal zone’ and/or ‘coastal area’.
There are three main widely used geographical definitions referring to ‘coastal zone / area’,
each one related to the purposes of a different law and institutional context (Environmental
Service, 2006):

e The Foreshore Protection Law defines the ‘foreshore’ as ‘all lands within 100 yards (91.44
m) of the high water mark’. The foreshore area is public property falling under the
jurisdiction of this Law.

e The New Tourism Policy (under the Hotel Accommodation Law and the Town and
Country Planning Law — Countryside Policy, 1990) designates a ‘coastal zone’ with
latitude of 3 km from the coastline for the purpose of regulating tourism development.

e The Coastal Protection Study of the Coastal Unit of the Ministry of Communications and
Works has adopted a definition of the ‘coastal strip’ as the area of 2km from the coastline
for the purposes of the survey of coastal erosion problems.

Based on the third of the aforementioned definitions, the coastal zone that extends 2 km
inland from the coastline covers 23% of the country’s total area, in which about 50% of the
total population lives and works and 90% of the tourism industry is located. The 95% of all
licensed tourism hotel accommodation capacity are within the coastal zones. Urban
population in the Local Plan areas of the coastal towns (Limassol, Larnaca and Paphos)
presented a much higher growth than in the Nicosia Local Plan area in the period 1981-2001
e.g. 55% and 35% respectively. A much stronger contrast is revealed by the disparity in the
growth of coastal rural areas (45%) and the inland rural areas (8%) (Environment Service,
2006).

4.2.1 Physical environment

The Cyprus coastline varies at a large degree, ranging from steep inaccessible cliffs and
ragged rocky shorelines with sea caves to gentle sloping sandy beaches fringed with sand
dunes. The coastal zone is characterized by rich wildlife, long and small beaches, open areas,
cliffs, capes, harbors, sand dunes, accumulations of pebbles and, in general, marine and
shore areas of prime ecological and scientific value.
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Along the 772 km of the Cyprus coastline, coasts are almost everywhere low and shelving.
Sea cliffs of any magnitude are extremely rare. According to its substrate, the shoreline is
rocky, mainly with pebble beaches (54%), sandy beaches and many small coves (46%). Sand
dunes, salt flats, salt lakes, salt marshes as well as freshwater marshes occur in the Cyprus
coastal belt although they are limited to few areas (DoE, 2010a).

Sandy beaches are predominant in the large bays of Cyprus, Famagusta, Larnaca, Limassol,
Polis Chrysochou and Morphou. These long beaches often grade into shingle beaches at one
end of the bay depending on the wave-generated littoral drift. There are also pocket
beaches in many rocky shores, which can be extensive (Demetropoulos, 2002). Sandy
beaches on the island have different properties. They vary not only in the chemical and
physical (grain size, etc) characteristics of the sand, but also in their profile (height and
width), depth and stability (Demetropoulos, 2002).

Shingle beaches are often the poorest of the shoreline habitats, as practically nothing
survives the grinding action of such beaches during periods of rough weather. They are
extensive in Episkopi Bay and in parts of Morphou Bay as well as in stretches of the south
coast between Limassol and Larnaca and between Petra of Romiou and Paphos
(Demetropoulos, 2002).

Rocky shores in Cyprus also present great variations. The hard limestone shores, which
predominate, are the most notable and ecologically interesting ones. There are several areas
with such coastline - much of the south-eastern part of the island, all the way from Cape Pyla
to Paralimni, is of such rock (with several pocket beaches) - as it is part of Akamas - and most
of the Kyrenia coastline from Cape Kormakiti to Cape Andreas (again with many sandy
pocket beaches) (Demetropoulos, 2002).

Salt lakes, sand dune and sea cliff habitats are included in this broad habitat category. Salt
lakes are distributed around the east and south coasts. Salt lakes are stands of vegetation
consisting of a small number of specialist species that can tolerate the salt content of the
substrate, occurring along sheltered coasts, mainly on sand or mud (DoE, 2010a).

Sand dunes are hills of wind blown sand that have become progressively stabilized by a
cover of vegetation. Sand dunes are species-rich habitats and can be described as coastal
hills formed at the back of a beach by deposits of materials, varying on their origin, amount,
type and size (DoE, 2010a).

Sea cliffs are distributed in a limited extent in coastline. A number of sea cliffs are very
important bird-of-prey colonies, as well as seabird colonies (DoE, 2010a). High cliffs with sea
caves can be found in several areas in Akamas, Akrotiri and elsewhere (Dendrinos and
Demetropoulos, 1998).
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Figure 4-1: Map of Cyprus

4.2.2 Pressures

The coastal zone in Cyprus is densely populated and therefore environmentally vulnerable. It

is subjected to increasing pressures from a number of sources (e.g. industrial development,

urban sprawl, exploitation of marine resources, tourism, etc.). There is, thus, an urgent need

to integrate the many uses of coastal resources so that they can be rationally developed in

harmony with one another and with the environment. These uses along with the

anthropogenic impacts include (Ramos-Espla et al., 2007):

o Tourism and recreation/leisure areas. These uses are representing the principal

Chapter 4: Coastal zones

activity in the Cyprus coastal area, with significant increasing trends during the past
years. The respective infrastructure, activities and impacts include tourism
accommodations and beaching (bathing, nautical sports). The major impacts from
these uses are coastal

overfrequentation and habitat destruction (sand

replenishment).

Nautical development (marinas, boating, mooring). The major impacts from these
uses are hydrodynamic alterations and habitat destruction (marinas, dredging,
mooring, silting); disturbance of turtle nesting.
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o Buildings and roads. The respective uses are referring to land reclamation, littoral
roads, promenades and villas very close to the coast, lights, littoral
overfrequentation. The major impacts are related with destruction and degradation
of sand dunes and other sensitive coastal and marine habitats.

o Industrial activities. The main industrial activities exercised near the coastline and
their impacts are:
e Aquaculture. The major impacts from aquaculture include organic (including
nutrients) and antibiotic pollution (habitat degradation) and the invasion of
undesired living species.

e Desalination plants. The major impacts derive from the release of untreated
brine into the sea (osmotic alterations, chemical pollution habitat and
biodiversity degradation) and high energy consumption related to emissions.

e Power generation plants. The respective uses are dealing with electricity
generation using the seawater for cooling. The major impact is the increase
of seawater temperature causing metabolism and biological alterations.

e Waste and wastewater treatment. The major impacts from these activities
involve organic, nitrogen and phosphate pollution of surface and ground
waters, sea eutrofication, algae blooms and degradation of coastal
ecosystems. In particular at Paralimni and Ayia Napa, high algae blooms are
present during summer periods.

In Table 4-1 the main types of coastal zones in Cyprus and their respective length are
presented.

Table 4-1: Development Profile of the Cyprus coastal zone

Length of Percentage of Coastal
Type of Coastal Zone’s Area Coastal Zone | Zone Area in Total Coastal
in km Zone’s Length (%)
Urban coastal areas (urban tourism and
. 90 30
infrastructure)
Tourism driven development areas (expanding
tourism development in areas with designated 45 15
tourism development zones with pockets of
agricultural land)
Rural coastal areas (mainly agricultural area 106 36

mixed with increasing holiday homes)
Protected coastal areas 55 19
Total length of coastal zone of the area under

296 100
government control
Sovereign Base Areas 72
Northern coastal area 404
Total coastal length of Cyprus 772
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Source: Coccossis et al., 2008

The human pressures on the coastal environment are expected to increase due to the
population increase. In addition, the following main population growth indicators for the
period 1981-2001 sum up the coastal concentration pattern and the extent of coastal
pressures for both urban and rural residents (Coccossis et al., 2008):

e Total population growth: 35%;
o Total urban population growth: 46%;
— Coastal urban growth: 55%;
— Inland urban growth: 35%;
o Total rural population growth: 15%;
— Coastal rural growth: 45%;
— Inland rural growth: 8%.

On the basis of all the aforementioned information, it is clearly indicated that anthropogenic

pressures on Cyprus coastal zone are not only extensive, but they also have increasing
trends.
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4.3 Future impact assessment

In this section, the climate change impacts on the coastal zones as these have been
identified in Deliverable 1.2 “Climate change impact, vulnerability and adaptation
assessment for the case of Cyprus” will be reassessed in light of the climate projections for
the future (2021-2050).

The most notable reported climatic changes affecting coastal zones are the sea level rise due
to ice melting and thermal expansion, the increase in the intensity and frequency of extreme
weather events and the rise of air temperature which is associated with the increase in sea
surface temperature. Following, the changes in climate and their respective impacts on the
coastal zones of Cyprus are presented in Table 4-2.

Table 4-2: Relationship between climate changes and impacts on the coastal zones sector

Potential climate
Impacts

changes

Coastal Erosion, loss of beach area, increase of inundation
canals
Sea level rise

Decrease of the total coastline length

Inundation, flood and storm damage

Seawater Intrusion, altered water quality/salinity, soil Salinity,
losses and/or changes of coastal ecosystems

Damages on the coastal human environment, increased water

Increase in the levels and wave heights, risk of flooding, inundation, increase or
frequency and decrease storm surge occurrence

intensity of extreme — Increased cross-shore erosion, removal of sediment supply,
weather events degradation of coastal ecosystems

— Re-orientation of beach plan form, increase or decrease
longshore transport

Sea surface — Increased stratification, algal blooms, degradation of coastal

temperature rise ecosystems, loss of natural attractions and species

In the following sections of this chapter, the future impacts of climate change on the coastal
zones are further analyzed where relative data and information are available. The impacts
are presented according to their initial categorization in the current impact assessment
(Deliverable 1.2), namely:

— Coastal storm flooding and inundation
— Coastal erosion

— Degradation of coastal ecosystems
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4.3.1 Coastal storm flooding and inundation

Scientists project an increase in the frequency of large storms in the coming century. In
addition to wind damage, coastal storms cause storm surges which flood low-lying coastal
areas and allow destructive wave action to penetrate inland (Nicholls & Hoozemans, 1996).
At the same time, a potential sea-level rise would increase the area likely to be inundated by
these coastal storms because storm flooding would reach higher inland elevations. The
return period for heavy rainfall events may decrease in many parts of the world, due to
global warming (Gordon et al., 1992), which would intensify flooding.

Inundation is the permanent submergence of low-lying land. The primary mechanism at any
location depends on the geomorphology of the coast. Many other factors apart from sea-
level rise can play a part in determining land loss (e.g., vegetation, sediment supply) (Sterr et
al., 2003). Low-lying coastal areas such as deltas, coastal wetlands and coral atolls may face
inundation as a result of sea-level rise.

‘Coastal squeezing’ is another major problem presented by sea flooding. This term refers to
coastal morphologies that would otherwise readjust to the rising sea by retreating
landwards, but are currently obstructed by physical or anthropogenic barriers, such as
coastal infrastructure. Sand dunes, or wetlands lying in front of built up areas are such
examples. As a quite large percentage of Cyprus’ coastal zone is developed, coastal
squeezing can become a real issue for certain areas (Parari, 2009).

Pluviometrical data from the meteorological station in Nicosia (1930-2007) show an increase
in the intensity and quantity of precipitation of 37-49% for the period 1970-2007 in
comparison with the period 1930-1970 for a duration of precipitation between 5 minutes
and 6 hours (Pashiardis, 2009). However, Cyprus has not experienced any severe floods from
the sea in the past.

As far as the future impact is concerned, the climate projection model used does not provide
estimates for storms, waves and floods. Nevertheless, there is an indicator referring to the
annual maximum total precipitation over one day (heavy rainfall index) which could also be
associated with flood risk. However, the PRECIS model showed that there will be no
significant changes to this indicator in the future period (2021-2050), apart from a minor
increase of 2-5 mm per year on average. It must be noted though that this indicator alone is
not sufficient for estimating flood risk since other factors play an important role as well.

Although Sea Level Rise (SLR) is expected to intensify the impact, it must be noted that the
SLR is not estimated to be significant for the case of Cyprus as the annual rate is negligible.

As the frequency and intensity of storms, waves and floods in the future cannot be
estimated, the impact cannot be assessed.
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The impacts of sea flooding, storm surges and tidal waves on the built environment of
coastal zones are analyzed in detail in Section 11: Infrastructure.

4.3.2 Coastal erosion

Coastal erosion is caused by the physical removal of sediment by wave and current action
(Sterr et al., 2003). Many coasts are experiencing erosion and ecosystem losses, but few
studies have unambiguously quantified the relationships between observed coastal land loss
and the rate of sea-level rise (Zhang et al., 2004; Gibbons and Nicholls, 2006, Nicholls et al.,
2007). Coastal erosion is observed on many shorelines around the world, but it usually
remains unclear to what extent these losses are associated with relative sea-level rise due to
subsidence, and other human drivers of land loss, and to what extent they result from global
warming (Hansom, 2001; Jackson et al., 2002; Burkett et al., 2005; Wolters et al., 2005;
Nicholls et al., 2007).

Bird (1993) argues that with global warming and sea-level rise there will be tendencies for
currently eroding shorelines to erode further, stable shorelines to begin to erode, and
accreting shorelines to wane or stabilize. Local changes in coastal conditions and particularly
in sediment supply may modify these tendencies, although Nicholls (1998) has indicated that
accelerated sea level rise in coming decades makes general erosion of sandy shores more
likely (McLean et al., 2001).

Erosion constitutes a greater threat than flooding in Cyprus, especially for the sandy and
gravel beaches of the island such as the coastlines of Larnaca and Limassol which have been
suffering from severe erosion during the last 30 years. The phenomenon of coastal erosion
in Cyprus is mainly attributed to human interventions which in some cases are triggered by
natural causes associated with climate change. Examples of human activities causing coastal
erosion in Cyprus are (Ozhan, 2002):

o Sand and gravel mining

o Decreasing the sediment transport efficiency by lowering water discharges due to
decreased water availability

e  Cutting off the sediment transport by damming the rivers.

e Alteration of the usual pattern of coastal currents and the associated sediment
transport along and across the shoreline, due to man-made coastal structures and
urban development too close to the shoreline,

e Land subsidence due to anthropogenic effects.

Although no studies have accomplished yet to clarify whether coastal erosion in Cyprus is
also attributed to climate change (Shoukri and Zachariadis, 2012), it is expected that future
climate change impacts could exacerbate coastal erosion in Cyprus (EC, 2009). However,
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there are no climate projections regarding the future intensity and frequency of waves and
storms in Cyprus.

In addition, although Sea Level Rise (SLR) is expected to intensify the impact, it must be
noted that the SLR is not estimated to be significant for the case of Cyprus as the annual rate
is considered moderate.

Last but not least, another factor that is closely related to climate changes is the cut off the
sediment transport to coasts by damming the rivers and the lowering of water discharges
due to reduced water availability. As the latter is projected to further decrease in the future
due to climate changes in Cyprus, it is considered that this will intensify the impact of coastal
erosion.

However, as the frequency and intensity of storms and waves in the future cannot be
estimated, the impact cannot be assessed.

4.3.3 Degradation of coastal ecosystems

The impacts of climate change for coastal ecosystems and wetlands in Cyprus are expected
to be long-term and mostly affected by temperature, sea level rise and the reduction of the
available sediment and biomass for the growth of ecosystems.

Another important risk that may affect coastal ecosystems in the next years is the increase
of soil salinity due to sea water intrusion, irrigation with low-quality (saline) water and
inadequate field drainage (Avraamides, 2001). Excessive rates of groundwater withdrawal
have resulted in a large drop in the water table in the coastal ecosystems of Cyprus.
Consequently, seawater has intruded into the respective aquifers. With growing populations
in coastal regions, saltwater intrusion is expected to occur more widely, and may enhance
the rate of saltwater infiltration. Also, sea level rise is expected to exacerbate intrusion of
saline water into the fresh groundwater aquifers of the coastal areas. Increasing
temperature is also expected to enhance soil evaporation, increasing soil salinity and
therefore, leading to alteration in biodiversity habitats.

In addition, coastal wetland ecosystems, such as saltmarshes and mangroves or saltcedars,
are especially threatened where they are sediment starved or constrained on their landward
margin (Nicholls et al., 2007). It must also be noted that, low water availability in Cyprus has
led to the construction of numerous dams which have significantly reduced sediment
transport to coasts.
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4.4 Future vulnerability assessment

In this section, the future vulnerability of coastal zones to climate change impacts is assessed
in terms of their sensitivity, exposure and adaptive capacity, based on the available
guantitative and qualitative data for Cyprus and the climate projection for the period 2021-
2050. In particular, sensitivity is defined as the degree to which coastal zones will be
affected by climate changes, exposure is the degree to which coastal zones will be exposed
to climate changes and their impacts, while the adaptive capacity is defined by the ability of
coastal zones as a natural system to adapt to changing environmental conditions as well as
by the effectiveness of the relative existing and planned adaptation measures.

For the assessment of future vulnerability, the same indicators used in the current
vulnerability assessment (CYPADAPT, 2012) were used, wherever the necessary data were
available. These indicators are summarized in Table 4-3.

Table 4-3: Indicators used for the vulnerability assessment of climate change impacts on the coastal
zones of Cyprus

Vulnerability

. Selected indicators
variable

Coastal storm flooding and inundation

— Elevation, low-lying areas, sea cliffs

— Vegetation cover (i.e. sand dunes, salt lakes)

— Sediment supply

— Slope

— Proportion of the coastline occupied by urban and tourist infrastructure

Sensitivity

— Sea level rise

— Coastal floods

— Frequency and intensity of rainfall, storms, wind and waves at the
coastal zones*

Exposure

— Hard defense works (seawalls, revetments, breakwaters, groynes)
— Fishing shelters

— Atrtificial reefs

— Foreshore Protection Law

Adaptive
capacity

Coastal Erosion

B

Ié — Coastline length of low-lying areas and percentage of the total coastline
'g — Proportion of sandy and gravel beaches

(%]

) — Sea level rise

§ — Length of eroded coasts and percentage of the total coastline

o — Frequency and intensity of rainfall, storms and waves at the coastal

w

zones*
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Vulnerabilit . 1
. y Selected indicators
variable

— Hard defense works (seawalls, revetments, breakwaters, groynes)
—  Fishing shelters

— Artificial reefs

— Beach nourishment

— Prohibition of sand and graveling mining

Adaptive
capacity

Degradation of coastal ecosystems

— Estuaries, coastal aquifers

— Areas of high biodiversity value

— Length of the coastline with important ecosystems (protected areas) and
percentage of the total coastline

Sensitiviy

— Degradation of coastal ecosystems*
— Sea level rise

— Salinization of coastal aquifers

— Coastal erosion

Exposure

— Coastal defense structures
— National list of habitats designated as ‘special areas of conservation’

Adaptive
capacity

*There were no data regarding this indicator

The relationship between sensitivity, exposure and adaptive capacity is based on the
following qualitative equation:

Vulnerability = Impact — Adaptive capacity
where Impact = Sensitivity * Exposure

Sensitivity, exposure and adaptive capacity are evaluated on a 7-degree qualitative scale

ranging from “none” to “very high”.

In the sections that follow, the vulnerability is assessed for each of the impact categories

presented in Section 4.3:

1. Coastal storm flooding and inundation
2. Coastal erosion

3. Degradation of coastal ecosystems
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4.4.1 Coastal storm flooding and inundation

1.2.3.1. Assessment of sensitivity and exposure

Sensitivity

The elevation of an area combined with a number of other factors, such as vegetation,
sediment supply and slope, determine the risk of inundation. In general, the lower the slope,
the greater the land loss (Sterr et al., 2003).

As far as the elevation of coasts in Cyprus is concerned, the majority of the coastline and
especially the southern and southeastern coasts of Cyprus is low and shelving, while sea
cliffs of any magnitude are extremely rare (Figure 4-2). It is estimated that, less than 5% of
Cyprus coastline is comprised of low-lying areas' (EC, 2009). The main area in Cyprus
identified as low-lying is located in Larnaca.

SLOPE MAP OF CYPRUS

Figure 4-2: Slope map of Cyprus
Source: I.LA.CO Ltd, 2008

Natural ecosystems with vegetation along the coastal belt, such as sand dunes and salt lakes
are limited to few areas. In particular, salt lakes are distributed around the east and south
coasts. As far as the sand dune ecosystems, these are confined to 22 sites (Hadjichambis et
al., 2003). Dunes, at many places, are low and beaches narrow, mostly because of a
restricted sediment supply which is the result of dam construction over the last 20 years, as
well as of tourism activities and beach erosion (DoE, 2010a).

! Low-lying areas are defined as 10 km of coastal zone below 5 metres elevation
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Although a series of case studies have been carried out for many of the coasts in Cyprus
providing some of the data required to assess risk of inundation, there is no clear picture for
the whole island.

For accessing the risk of coastal squeezing, that is, the obstruction of coastal morphologies
to retreat landwards due to physical or anthropogenic barriers, the proportion of the
coastline occupied by urban and tourist infrastructure was used as an indicator. As it can be
seen from Table 4-1, approximately 45% of the coastline is occupied by urban and tourist
areas (30% and 15% respectively). However, it must be noted that their proximity to the
coast varies from area to area. In general, it can be said that in urban areas the main barriers
are constructions such as harbours or roads while for the case of tourist areas the
anthropogenic barriers are mainly hotels, restaurants, etc.

Taking into account the available data on the above mentioned indicators, it can be said that
the sensitivity of Cyprus coastal zone to sea flooding is moderate to high.

Exposure

For the assessment of the exposure of Cyprus’ coastal zones to storm flooding and
inundation in the future, a number of climatic factors, such as wind and wave characteristics
(Sterr et al., 2003), storminess, heavy rainfall as well as other factors induced by climate
change such as sea level rise can be used as indicators.

While changes in storminess may contribute to changes in extreme coastal high water levels,
the limited geographical coverage of studies to date and the uncertainties associated with
overall storminess changes mean that a general assessment of the effects of storminess
changes on storm surge is not possible at this time (Field et al., 2012).

Results from embedded high-resolution models and global models show a likely increase of
peak wind intensities and notably, increased near-storm precipitation in future tropical
cyclones. Most recent published modelling studies investigating tropical storm frequency,
simulate a decrease in the overall number of storms, though there is less confidence in these
projections and in the projected decrease of relatively weak storms in most basins, with an
increase in the numbers of the most intense tropical cyclones. Model projections show
fewer mid-latitude storms averaged over each hemisphere, associated with the poleward
shift of the storm tracks that is particularly notable in the southern hemisphere, with lower
central pressures for these poleward-shifted storms. The increased wind speeds result in
more extreme wave heights in those regions (Meehl et al., 2007).

However, according to the projections of the PRECIS climate model, the mean wind speed
greater than 5 m/s in Cyprus during the future period 2021-2050 is not expected to present
substantial changes, on the contrary, it presents minor decreases in general. With regard to
the current exposure to high wind speeds of the coastal tourist areas, PRECIS shows that in
western (Pafos, Chrysochou) and southeastern (Larnaca, Ayia Napa) areas the number of
days with mean wind speed > 5 m/s is approximately 80 while southern (Limassol) regions
present about 40-50 days with mean wind speed > 5 m/s. Figure 4-6 depicts PRECIS
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projections of the changes in the number of days with mean wind speed greater than 5 m/s.
As it is shown, in western, and southeastern coastal areas a decrease of about 12 days is
anticipated. Also southern areas present a slight decrease of about 5 days. Consequently, it
is expected that the future exposure of coastal tourist areas to storm surges is limited.
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Figure 4-3: Changes in the number of days with mean wind speed > 5m/s between the future (2021-
2050) and the control period (1961-1990)

The coasts mostly exposed to large waves are those located on the western part of the
island (Demetropoulos, 2002).

The climate projection model used for the case of Cyprus does not provide estimates for the
frequency and intensity of floods in the future. Nevertheless, there is an indicator referring
to the annual maximum total precipitation over one day indicating heavy rainfall which
could also be associated with flood risk. However, the PRECIS model showed that The
climate projection model used for the case of Cyprus does not provide estimates for the
frequency and intensity of floods in the future. Nevertheless, there is an indicator referring
to the annual maximum total precipitation over one day indicating heavy rainfall which
could also be associated with flood risk. However, the PRECIS model showed that a slight
increase of about 2-5 mm is anticipated in western, inland and mountain regions.
Additionally, southern and southeastern areas present an increase of about 1 mm in annual
max total rainfall over 1 day (Figure 4-7). It must be noted though that this indicator alone is
not sufficient for estimating flood risk since other factors play an important role as well.
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Figure 4-4: Changes in annual maximum total precipitation over 1 day between the future (2021-
2050) and the control period (1961-1990)

Sea level rise in the Mediterranean Sea is not expected to be as high as in the oceans.
Especially for the case of Cyprus, the sea level rise is expected to be moderate (EC, 2009).
Furthermore it must be added that, based on archaeological data, Cyprus appears to be
experiencing long-term uplift of between 0 and 1 mm per year. This uplift is expected to
counteract sea-level rise and given a global rise in sea level of 0.5m by 2100, relative sea-
level rise in Cyprus will be in the range 0.4-0.5m (Nicholls and Hoozemans, 1996). The sea
level changes in Cyprus as observed during the period between 1993 and 2000 show an
increase of 5-10 mm/year (Figure 4-5).

mm/yr

Figure 4-5: Mediterranean basin sea level changes between 1993 and 2000

Source: Ministry of Environment of Lebanon, 2011
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Considering the above, the future exposure of the coastal zones of Cyprus to storm flooding
and inundation is characterized as limited to moderate.

1.2.3.2. Assessment of adaptive capacity

The resilience of coastal zones to storm flooding and inundation depends on the presence of
sand dunes, trees and shrubs as well as of wetlands as they provide significant protection
against storm waves, through their buffering properties and their ability to attenuate wave
energy. Furthermore, the ability of ecosystems to retreat landwards where it is safer,
enhances their adaptive capacity.

As far as human interventions for the protection from flooding and inundation in Cyprus are
concerned, these are mainly in the form of hard defense structures such as seawalls and
coastal revetments. In addition, the measures applied in Cyprus for the protection from
erosion, help prevent coastal flooding as well, by enhancing depositional processes along the
coast. Structures such as groynes and breakwaters enhance the deposition of sediment on
the beach thus helping to buffer against storm waves and surges, as the wave energy is
spent on moving the sediments in the beach than on moving water inland (Short and
Masselink, 1999). However, seawalls and revetments are not considered attractive for
bathing beaches and thus breakwaters and groynes are the predominant defense works,
although the latter are considered less drastic measures in case of a severe storm or flooding
event.

After the Turkish invasion in 1974 there was an effort to restore the economy and tourist
industry. Among the years 1974 and 1980 a number of hard defense structures were
constructed along the Cyprus coast. The main type of works was hammer head groins which
were constructed illegally by hotel owners in an attempt to create more attractive sandy
beaches. In addition, a number of breakwaters were constructed by the government. The
following years, Cyprus prepared and implemented a number of Master Plans for the
protection of eroded coasts and intends to do the same for the rest of the coastal areas that
is deemed necessary (Coccossis et al., 2008).

Fishing shelters, which are constructed for the protection of fishing boats against extreme
events such as storm and large waves, also protect the coast. Currently in Cyprus there are
11 fishing shelters in operation. In addition, artificial reefs which are actually submerged
breakwaters provide protection from flooding by absorbing part of the incident wave energy
before it reaches the coast. The DMFR will create up to 4 artificial reefs in the marine areas
of Famagusta, Limassol and Paphos (Source: Strategy for the creation of artificial reefs,
Cyprus).

In addition, to prevent coastal squeezing and allow for landwards retreat, the Foreshore
Protection Law of Cyprus prohibits building development except for light structures (sheds,
footpaths, etc.) in the zone within 100 yards (91,44m) of the high water mark. The foreshore
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area in Cyprus is public property falling under the jurisdiction of this Law (Coccossis et al.,
2008). However, the implementation of the Foreshore Protection Law is not adequately
monitored, resulting in numerous violations and interventions in the foreshore zone.

Taking into account the abovementioned measures that are already applied in Cyprus as
well as their effectiveness, the future adaptive capacity of Cyprus’ coastal zones to storm
flooding and inundation is considered to be limited to moderate.

Following, additional recommended adaptation measures (Shoukri & Zachariadis, 2012; DoE,
2010b) that are considered to further enhance adaptive capacity towards this impact are
presented indicatively. Nevertheless, their assessment and final selection for
implementation will be made through the use of the Multicriteria Analysis (MCA) tool which
will be developed and implemented in the framework of Actions 4 and 5 of the CYPADAPT
project.

— Sea level rise considerations in existing and new coastal developments/
infrastructure

— Research on sea level rise, increase monitoring sites and apply model simulations

— Enforcement of the framework strategy "Integrated Management of Coastal Areas"

4.4.2 Coastal Erosion

1.2.3.3. Assessment of sensitivity and exposure

Sensitivity

The areas that are most sensitive to coastal erosion are the low-lying areas and the sandy
and gravel beaches. As also mentioned before, less than 5% of Cyprus coastline is comprised
of low-lying areas” with the main low-lying area being Larnaca (EC, 2009).

Of the total beach length, sandy beaches occupy approximately 46% while pebble beaches
the rest 54%. Sandy beaches are predominant in the large bays of Cyprus as for example in
Famagusta, Larnaca, Limassol, Polis Chrysochou and Morphou where the majority of tourism
concentrates.

On the other hand, there are several areas of the coastline which are not considered
sensitive to erosion as they have mainly rocky shores, as for example an extended area of
the south-eastern part of the island, all the way from Cape Pyla to Paralimni (with several
pocket beaches) - as it is part of Akamas - and most of the Kyrenia coastline from Cape

2 Low-lying areas are defined as 10 km of coastal zone below 5 metres elevation
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Kormakiti to Cape Andreas (again with many sandy pocket beaches) (Demetropoulos, 2002).
However, the area of Kyrenia is not under the effective control of the Republic of Cyprus.

Considering the above, the sensitivity of Cyprus’ coastal zones to erosion is characterized as
high.

Exposure

According to Coccosis et al. (2008), 110km or 30% of the coastline which is under the control
of the Republic of Cyprus is subject to erosion. According to another older source (Research
Promotion Foundation, 2006), the percentage of erosion in Cyprus reaches 37.8%, fact that
places the country among the countries in the European Union with the highest rates of
coastal erosion.

For the assessment of the exposure of Cyprus’ coastal zones to coastal erosion in the future,
several climatic factors are used, such as heavy rainfall, wind and wave characteristics (Sterr
et al., 2003), storminess as well as other factors induced by climate change such as sea level
rise. Furthermore, the percentage of the coastline in Cyprus already exposed to erosion
comprises a useful exposure indicator.

Results from embedded high-resolution models and global models show a likely increase of
peak wind intensities and notably, increased near-storm precipitation in future tropical
cyclones. Most recent published modelling studies investigating tropical storm frequency,
simulate a decrease in the overall number of storms, though there is less confidence in these
projections and in the projected decrease of relatively weak storms in most basins, with an
increase in the numbers of the most intense tropical cyclones. Model projections show
fewer mid-latitude storms averaged over each hemisphere, associated with the poleward
shift of the storm tracks that is particularly notable in the southern hemisphere, with lower
central pressures for these poleward-shifted storms. The increased wind speeds result in
more extreme wave heights in those regions (Meehl et al., 2007).

However, according to the projections of the PRECIS climate model, the mean wind speed
greater than 5 m/s in Cyprus during the future period 2021-2050 is not expected to present
substantial changes, on the contrary, it presents minor decreases in general. With regard to
the current exposure to high wind speeds of the coastal tourist areas, PRECIS shows that in
western (Pafos, Chrysochou) and southeastern (Larnaca, Ayia Napa) areas the number of
days with mean wind speed > 5 m/s is approximately 80 while southern (Limassol) regions
present about 40-50 days with mean wind speed > 5 m/s. Figure 4-6 depicts PRECIS
projections of the changes in the number of days with mean wind speed greater than 5 m/s.
As it is shown, in western, and southeastern coastal areas a decrease of about 12 days is
anticipated. Also southern areas present a slight decrease of about 5 days. Consequently, it
is expected that the future exposure of coastal tourist areas to storm surges is limited.
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Figure 4-6: Changes in the number of days with mean wind speed > 5m/s between the future (2021-
2050) and the control period (1961-1990)

The coasts mostly exposed to large waves are those located on the western part of the
island (Demetropoulos, 2002).

The climate projection model used for the case of Cyprus does not provide estimates for the
frequency and intensity of floods in the future. Nevertheless, there is an indicator referring
to the annual maximum total precipitation over one day indicating heavy rainfall which
could also be associated with flood risk. However, the PRECIS model showed that a slight
increase of about 2-5 mm is anticipated in western, inland and mountain regions.
Additionally, southern and southeastern areas present an increase of about 1 mm in annual
max total rainfall over 1 day (Figure 4-7). It must be noted though that this indicator alone is
not sufficient for estimating flood risk since other factors play an important role as well.
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Figure 4-7: Changes in annual maximum total precipitation over 1 day between the future (2021-
2050) and the control period (1961-1990)
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As also mentioned before, the sea level changes in Cyprus as observed during the period
1993 and 2000 show an increase of 5-10 mm/year (Figure 4-5). Taking into consideration the
land lift up of 0-1 mm/year that Cyprus is experiencing, the exposure of Cyprus to sea level
rise in the future is considered to be limited to moderate.

To this end, the future exposure of the coastal zone of Cyprus against erosion is considered
to be moderate to high.

1.2.3.4. Assessment of adaptive capacity

The resilience of coastal zones to coastal erosion depends on the ability to recharge
sediment supply mostly from rivers. However, as most rivers in Cyprus are dammed, the
sediment supply to coasts from rivers is blocked.

As far as human interventions for the protection from coastal erosion in Cyprus are
concerned, these are mainly hard coastal defense structures such as breakwaters and
groynes for enhancing depositional processes along the coast. Hard coastal structures have
been considered for several decades the remedy for combating coastal erosion. The years
proved that in the long run, hard interventions can have serious negative impacts both on
coastal morphology and coastal environment. The sustainable development of the coastal
areas asks for combining erosion control and good environmental practices, within the
framework of Integrated Coastal Zone Management schemes. Coastal defense and
protection structures are usually constructed as emergency measures, without taking into
consideration environmental and social impacts. Generally, people and generally public
opinion and decision makers support strongly the construction of hard coastal works, such
as breakwaters, as the solution to coastal erosion problem and they do not accept easily
demolition of structures (Loizidou and Loizides, 2007).

An important step in the direction for introducing integration in coastal protection actions
was the Environmental Impact Law of 2001 (Law 57(1)/2001), through which it is necessary
to proceed with an Environmental Impact Study before the construction of any coastal
protection work (Loizidou and Loizides, 2007).

As far as the funding of these construction works is concerned, the Council of Ministers took
a Ministerial Decision in 2000, arranging the funding cooperation among competent
authorities concerning coastal structures. The Decision defines the following percentage of
each authority’s financial participation in the total cost for the construction of coastal
structures (Loizidou and Loizides, 2007):

o If the structures are needed for coastal protection to counteract erosion, then the
Government contributes the 50% and the Local Authority the rest 50%

e If erosion is not a serious problem and the structures are needed mainly to enable
recreational uses of the coast, then the contribution of the Government goes down
to 30% and the rest 60% is covered by the Local Authority. The 30% of the Local
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Authority’s contribution can be covered by private funding, from the Hotel owners
who are going to benefit from the structures.

Non Governmental Organizations (NGO’s) in Cyprus focused on coastal zone protection (like
CYMEPA and AKTI) organized several awareness raining campaigns for the public. Local
Authorities hosted workshops and happenings. The effort was and is to give people and the
Local Authorities the information on the alternative, environmental friendly coastal
protection methods and promote the need for integration. The Environmental Service and
Coastal Unit of the Ministry of Agriculture, Natural Resources and Environment of Cyprus
support this effort (Loizidou and Loizides, 2007) as well.

Regarding beach nourishment, this was firstly applied on a specific area in Limassol. In
addition, in a certain area of the Famagusta region a number of hotel owners used sand
nourishment to improve the quality of the beach and create more friendly access to the
beach (in rocky areas). It must also be mentioned that, small pilot nourishment projects with
sand were carried out in Larnaca and Pafos District. However, the responsible
Municipality/Local Authority did not have the financial resources to continue the project and
replace any sand losses undertaken during the year.

Finally, another measure that was undertaken for the reduction of the pressures exerted on
the coastal zones of Cyprus, causing erosion is the prohibition of sand and gravel mining
activities by law.

The adaptive capacity of the coastal zones in Cyprus to coastal erosion is characterized by
high reversibility, as where proper coastal defense works have been implemented,
satisfactory results have been observed and the problem of erosion has been restored.
However, considering that the coastal zones continue to be subject to several pressures
causing erosion that are not expected to be reduced in the future and that coastal defence
works have not been implemented to all the areas with erosion problems, the future
adaptive capacity of the coastal zone against erosion can be characterized as moderate.

Following, additional recommended adaptation measures (Shoukri & Zachariadis, 2012; DoE,
2010b) that are considered to further enhance adaptive capacity towards this impact are
presented indicatively. Nevertheless, their assessment and final selection for
implementation will be made through the use of the Multicriteria Analysis (MCA) tool which
will be developed and implemented in the framework of Actions 4 and 5 of the CYPADAPT
project.

— Prepare an inventory of coastal areas already suffering from erosion as well as those
vulnerable to erosion and evaluate the measures already taken

— Examine the possibility of other measures to combat coastal erosion

— Protection of wetlands and sand dunes as a measure to combat erosion
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— Sea level rise considerations in existing and new coastal developments/
infrastructure

— Research on sea level rise, increase monitoring sites and apply model simulations
— Enforcement of the framework strategy "Integrated Management of Coastal Areas"

— Integration of environmental assessment economic instruments and of specific tax
measures in the development plans

4.4.3 Degradation of coastal ecosystems

1.2.3.5. Assessment of sensitivity and exposure

Sensitivity

All coastal ecosystems are sensitive to sea level rise and extreme weather events (e.g.
storms, floods, tidal waves) due their impacts on them, i.e. inundation, shrinkage -when
there is no available area for retreating landwards-, reduction in sediment supply and
biomass due to erosion, and soil salinity due to the salinization of coastal aquifers and the
irrigation with low quality (saline) water — except for saltlakes and saltcedars (trees and
shrubs) that are adjusted to saline conditions.

Sand dunes, salt flats, salt lakes, salt marshes as well as freshwater marshes occur in the
Cyprus coastal belt although they are limited to few areas. Salt lakes are distributed around
the east and south coasts. Coastal sand dunes are species-rich habitats and are among the
most vulnerable habitats of Cyprus as they are subject to high-intensity recreational and
other uses (DoE, 2010a). Sand dune ecosystems are confined to 22 sites (Hadjichambis et al.,
2003).

Estuaries and coastal aquifers are sensitive to sea level rise due to the saltwater intrusion
induced especially in low-lying areas. The main estuaries of Cyprus (6 in total) are located
mostly in the southern coasts of the island and are presented in the following figure.
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Figure 4-8: Estuaries of Cyprus

A total of 15 out of the 19 groundwater bodies in Cyprus which are under government
control, are coastal or part of them is located at the coast. As also mentioned before, less
than 5% of Cyprus coastline is comprised of low-lying areas® with the main low-lying area
being Larnaca (EC, 2009).

As for the coastal ecosystems that are referring to wetlands, they are exposed to acidity
changes and circulation patterns at coastal waters. For the case of Cyprus, it is expected that
the coastal circulation patterns will change because of changes in temperatures, wind speed
and currents in the coastal zone (Harrould-Kolieb et al., 2009).

Drainage is associated with climate changes as increased extreme weather events such as
floods and decreased soil moisture lead to drainage and nutrient enrichment of agriculture
and domestic effluents. Approximately 36% of the Cyprus coastline consists of agricultural
areas (see Table 4-1). Salt lakes are currently threatened by drainage (DoE, 2010a).

The coastal ecosystems in Cyprus of high biodiversity value are the Larnaca salt lake, the
Akrotiri peninsula wetland, the Akamas peninsula and especially the Lara/Toxeftra Turtle
Reserve, the Cape Greko marine caves and the Poli Chrysochous coastline (Parari, 2009). It is
estimated that approximately 55 km or 19% of the Cyprus coastline (area under government
control) which is comprised of such areas is under protection status (see Table 4-1).

However, it must be mentioned that the sensitivity of these systems increases if taking into
account the existing anthropogenic pressures that are subjected to.

Thus, the sensitivity of these ecosystems against degradation can be considered as
moderate to high.

Exposure

3 Low-lying areas are defined as 10 km of coastal zone below 5 metres elevation
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In absence of data on the degradation of coastal ecosystems in Cyprus, a number of other
indicators indirectly implying exposure to degradation will be used, such as the sea level rise,
the salinization of coastal aquifers, the presence of coastal erosion in Cyprus as well as the
rise in sea surface temperature.

As also mentioned before, the sea level changes in Cyprus as observed during the period
1993 and 2000 show an increase of 5-10 mm/year. Taking into consideration the land lift up
of 0-1 mm/year that Cyprus is experiencing, the exposure of Cyprus to sea lever rise is
considered as moderate.

According to Coccosis et al. (2008), 110km or 30% of the coastline which is under the control
of the Republic of Cyprus is subject to erosion while according to another older source
(Research Promotion Foundation, 2006), the percentage of erosion in Cyprus reaches 37.8%,
fact that places the country among the countries in the European Union with the highest
rates of coastal erosion.

As regards to aquifer salinization, 12 out of 19 groundwater bodies in Cyprus have been
already exposed to seawater intrusion while the coastal zones of several aquifers in Cyprus
have been abandoned due to this phenomenon. In Figure 4-9, the aquifers of Cyprus
exposed to salinization are presented.

B No salinization A
Salinization D

20 1] 20 Kilometsrs
ey —

Figure 4-9: Salinization in the groundwater bodies of Cyprus

Source: Water Development Department, 2008

As for the Sea Surface Temperature (SST), the Mediterranean SST is expected to gradually
increase due to climate change, although less than the global mean temperature rise
(Nicholls et al., 2007).

Satellite and in situ-derived data indicate a strong eastward increasing sea surface warming
trend in the Mediterranean basin from the early 1990s onwards. The satellite-derived mean
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annual warming rate over the period 1985-2008 is about 0.037°C year " for the whole basin
and about 0.042°C year™ for the eastern sub-basin where the island of Cyprus is located
(Skliris et al., 2011).

a SST linear trend 1985-2008 ( deg. C / yr)
46— w , . . —
[N

4 j
42
40
38

—— _
o’
" g

5 0 5 10 15 20 25 30 35

Figure 4-10: Horizontal distribution of satellite-derived SST annual linear trends (°C/year) over
1985-2008

Source: Skliris et al., 2011

In addition, analyses of annual mean satellite SST data indicate that over the last 16 years
(1996-2011) a general warming has occurred over the Levantine Basin where Cyprus
belongs, at an average rate of approximately 0.065°C per year (Samuel-Rhoads et al., 2012).

Given that there are no sufficient data for the assessment of exposure of coastal ecosystems
in Cyprus to degradation, no characterization is given.

1.2.3.6. Assessment of adaptive capacity

The extent to which a coastal system is affected by sea-level rise will strongly depend on its
resilience to changes. The survival of coastal wetlands is dependent upon sediment
availability and/or local biomass production, as well as the potential for these ecosystems to
migrate inland (Sterr et al., 2003). In addition, non-climate stresses may already have
adversely affected the coastal system’s resilience and thereby its ability to cope with
additional pressures (Klein, 2002).

Coastal defense structures presented in Section 4.4.1 and Section 4.4.2 also contribute
towards the protection of coastal ecosystems from flooding and erosion. As for the legal
measures, in line with the EU Habitat Directive, Cyprus compiled a national list of habitats
identified as ‘special areas of conservation’. This list of important areas for Cyprus includes
also lakes and wetlands nearby the coastline. By restricting mass-scale development in these
areas, Cyprus wants to make a step towards the conservation of water-related eco-systems.
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As there are no sufficient data on the exposure of coastal ecosystems to degradation, it
cannot be assessed whether the adaptive capacity is satisfactory and hence, no
characterization is given.

Following, additional recommended adaptation measures (Shoukri & Zachariadis, 2012; DoE,
2010b) that are considered to further enhance adaptive capacity towards this impact are
presented indicatively. Nevertheless, their assessment and final selection for
implementation will be made through the use of the Multicriteria Analysis (MCA) tool which
will be developed and implemented in the framework of Actions 4 and 5 of the CYPADAPT
project.

— Relocation of infrastructure and houses inland to allow coastal ecosystems to
recover

— Enforcement of the framework strategy "Integrated Management of Coastal Areas"
— Integration of the tool "Imagine™” in the framework of politics in Cyprus

— Inclusion of the tool "Evaluation of Carrying Capacity" proposed under the CAMP
project in the Construction Spatial Planning System and in the Tourism Policy

— Integration of environmental assessment economic instruments and of specific tax
measures in the development plans

* The “Imagine” methodology was developed by the Blue Plan and Dr Simon Bell in order to assist stakeholder
groups in gaining insights and have control over their own sustainable development, by means of sustainability
indicators, scenarios and graphic, easy to understand representation of the past, present and future sustainability
situation. For more information on this methodology see “A Practitioners guide to Imagine — The Systemic and
Prospective Sustainability Analysis. Bleu Plan”
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4.4.4 Assessment of overall vulnerability

The principal aim of this chapter is to identify the key vulnerabilities of the coastal zones to
future climate changes, as well as to assess the magnitude of these vulnerabilities. However,
it must be noted that, as there were no sufficient data to evaluate all indicators further
research is required.

In order to quantify the future vulnerability potential of coastal zones against a climatic
change impact, the values of sensitivity, exposure, adaptive capacity and vulnerability are
quantified as follows:

Degree of sensitivity, exposure

. . Degree of vulnerability Legend
& adaptive capacity

None 0 None V<0
Limited 1 Limited 0<Vv<1
Limited to Moderate 2 Limited to Moderate 1<V<2
Moderate 3 Moderate 2<V<3
Moderate to High 4 Moderate to High 3<v<4
High 5 High 4<V<5
High to Very high 6 High to Very high 5<V<6
Very high 7 Very high 6<V<7
Not evaluated - Not evaluated -

Since vulnerability is defined by the following formula:

Vulnerability = Impact — Adaptive capacity

where Impact = Sensitivity * Exposure

“Impacts” and “Adaptive capacity” should be evaluated on the same scale (1-7). For this to
be achieved, the square root of “Sensitivity x Exposure” is used. The results of the
vulnerability assessment for coastal zones of Cyprus are summarized in Table 4-4.
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Table 4-4: Overall vulnerability assessment of the coastal zones of Cyprus to climate changes

Adaptive

e Vulnerability

Sensitivity Exposure

Limited to
Moderate (2)

Limited to
Moderate (2)

Coastal storm flooding

. . Limited (0.8)
and inundation

Limited to

Moderate (3
oderate (3) Moderate (1.5)

Coastal erosion

Degradation of coastal
Not evaluated -

Not evaluated
ecosystems

As a result, it is concluded that the future vulnerability of the coastal zones in Cyprus to
climate changes focuses mainly on the coastal erosion, which already constitutes an issue for
Cyprus’ coasts and although it is addressed in a quite satisfactory degree, it is expected that
climate changes will magnify the phenomenon to some extent. The impact of coastal storm
flooding and inundation is considered to present limited vulnerability for Cyprus’ coasts
taking into consideration the fact that this is not such an extensive issue for Cyprus for the
time being, while the impact of the degradation of coastal ecosystems was not evaluated
due to absence of sufficient information on the subject.
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5.1 Climate change and biodiversity

The United Nations Convention on Biological Diversity (UNCBD) defines biodiversity
highlighting the importance of biodiversity: “the variability among living organisms from all
sources including, inter alia, terrestrial, marine, and other aquatic ecosystems and the
ecological complexes of which they are part; this includes diversity within species, between
species, and of ecosystems”.

Projected changes in climate, combined with land use change and the spread of exotic or
alien species are likely to limit the capability of some species to migrate and therefore will
accelerate species loss (CBD, 2007). Nevertheless, there is allready ample evidence that
climate change affects biodiversity. According to the Millennium Ecosystem Assessment,
climate change is likely to become one of the most significant drivers of biodiversity loss by
the end of the century.

Cyprus due to its geographical position in the eastern part of the Mediterranean Sea, bears
all the characteristics of a semi-arid climate and some of the deficits of the global climate
change. Direct impacts of climate change on Cyprus biodiversity arise mainly from decreased
rainfall and increased temperature, droughts, fluctuations in intensified precipitation, sea
level rise and increased atmospheric CO,. Based on projected climatic changes the future
impact of climatic changes and the related vulnerability of biodiversity are reassessed.

The impact, vulnerability and adaptive measures for biodiversity in Cyprus regarding climatic
changes were assessed in Deliverable 1.2. The main indicator for assessing the vulnerability
of the terrestrial biodiversity towards climate changes for the current situation appeared to
be the landscape fragmentations of the island, as species cannot move neither northern nor
higher after a certain point. Instead, the main advantage of the marine biodiversity for the
current situation is the ability of migration, which can also be counted as a disadvantage due
to the intrusion of harmful invasive alien species. On the other hand, freshwater biodiversity
is also threatened due to the landscape fragmentations and the deteriorated freshwater
quality especially for groundwater bodies. Considering the above, it is assumed that the first
vulnerability priority of the biodiversity in Cyprus to climate changes for the current situation
is the distribution of species in terrestrial ecosystems while the second priority is the
biodiversity of aquatic ecosystems.

Future climate change impact, vulnerability and adaptation measures in the sector of
biodiversity will be reassessed for the case of Cyprus, in the framework of this study, in order
for the future vulnerability to be quantified. Future vulnerability priorities for the
biodiversity will be identified in order appropriate adaptation measures to be implemented.

Each climatic parameter (temperature, precipitation, wind and dry spell) was analyzed for
the future situation with the use of the PRECIS regional climate model through comparison
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between a control period (1961-1990) and a future period (2021-2050). Regional Climate
Models of the ENSEMBLES project have also been used. The results of models were used as
an ensemble mean for testing and comparing the respective results of PRECIS. Detailed
information is available in Deliverable 3.2 while the main model used in this report is the
PRECIS (Providing Regional Climates for Impact Studies) regional climate model. The reason
is that while, in the other simulations models, Cyprus is placed in the south-eastern part of
the domain in PRECIS simulations, Cyprus lies at the center of the study domain. The future
period 2021-2050 has been chosen specifically for the needs of stakeholders and policy
makers to assist their planning in the near future, instead of the end of the twenty-first
century as frequently used in other climate impact studies.
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5.2 Baseline situation

The rich biodiversity of Cyprus is the result of the combination of the geographical structure,
landscape isolation due to its insular character, surrounding sea, topographic relief,
geological structure and of course climatic conditions. The flora and fauna of the island are
adapted to the various natural biotopes and climatic conditions, resulting in a large number
of endemic and rare species (DoE, 2000).

In order to present the diversity of nature in Cyprus, two of the terms which define
biodiversity will be used: the ecosystem diversity and the species diversity.

Ecosystem diversity

The ecosystems in Cyprus include 48 habitat types, 14 of which are priority habitat types
according to the Habitats Directive of the European Union (Council Directive 92/43/EEC,
1992) and 4 are endemic habitat types (Serpentinophilous grasslands of Cyprus 62B0*, Peat
grasslands of Troodos 6460*, Scrub forest of Quercus alnifolia 9390* and Cedrus brevifolia
forests 9590%*) (DoE, 2000).

Species diversity

Flora

The flora of the island includes in total 1910 taxa (species, subspecies, varieties, forms and
hybrids) as native or naturalized. The 143 of these taxa are endemic and more than 400 are
cultivated (Unit of Environmental Studies). Overall, the percentage of Cyprus’ endemism
(calculating all the taxonomical levels) is 7.39%, which is one of the highest in Europe
(Hadjichambis & Della, 2007). The recorded indigenous plant taxa in the area consist of 52
trees, 131 shrubs, 88 subshrubs and 1637 herbs (DoF, 2005; Endreny & Gokcekus, 2008).
Most of the endemic plants of Cyprus are located in the two mountain ranges of the island,
as 94 endemic plants are developed in the mountain range of Troodos (only the National
Forest Park Troodos hosts a total of 786 plant taxa) and 56 in the mountain range of
Pentadaktylos (DoE, 2000). Another characteristic of the mountain areas of Cyprus is the
tree nature-monuments (or Giant Trees), meaning trees or high shrubs with usually large
dimension and age, which generally exceed two or three centuries (DoF). Mushrooms,
bryophytes and lichens have not been adequately studied but there is evidence that
numerous species exist. Furthermore, the sea around Cyprus is characterized by a diverse
array of important habitats and hosts a considerable number of endangered species. Coastal
vegetation is mostly low and sparse, and five endemic plants are found in this belt (DoE,
2000).
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Fauna

Cyprus is considered as a biodiversity “hotspot” area (Myers et al., 2000), because it is the
only centre of birds endemism in Europe and the Middle East (Bibby et al., 1992;
Kourtellarides, 1998), a centre of insects endemism (Makris, 2003), a centre of plant
diversity (WCMC, 1992; Pantelas et al., 1993; Hadjikyriakou, 1997; Tsintides et al., 2002;
Tsindides & Kourtellarides, 1995) and a centre of mammals endemism (with six out of its 11
wild mammals being endemic) (Hadjisterkotis & Masala, 1995; Hadjisterkotis, 1996;
Hadjisterkotis, 2003a; Bonhomme et al., 2004; Cucchi et al., 2006; Unit of Environmental
Studies). At present, there are about 32 mammal species (DoE, 2000), 24 reptile species
(DoE, 2000), 3 turtle species -2 of which are marine (DoF), 3 amphibian species (frog
species), 385 bird species (53 of which are permanent residents) (DoE, 2000), 250 fish
species and approximately 6000 insects species (including 52 butterfly species) recorded in
the island (DoF, 2012).

Pressures

Biodiversity is affected by numerous factors concerning the climate, ecology, society,
culture, economy and technology. These features are necessary to be mentioned in order to
present the current situation in Cyprus. A list of factors retrieved from a relevant study of
the United Nations University (2005) and adjusted for the case of Cyprus, is presented in the
following table (Table 5-1):

Table 5-1 : List of factors affecting biodiversity

Categories Factors

Variability (uneven geographic distribution and temporality of precipitation)

Reduction of frequency of precipitation

Increase of frequency of rainfall’s intensity

Increase of temperature (and certain variables of temperature)

Climate aspects Heat-wave

Reduction of snow cover in Troodos

Increase of evapotranspiration (contributes to the intensification of soil
drying)
Other climate aspects

Temperature limitations

Water variability (drought and heavy rains)

Unfavorable climate (incl. variability)

Geological instability (e.g. periodic seismic activity, geological erosion and

Ecological aspects .
& P sediment loads)

Topographic difficulties (steepness, roughness)

Restricted soil fertility and susceptibility

Vulnerability of land resources
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Categories Factors

Climate change

Plant and animal diseases

Natural hazard deposition

Environmental pollution (e.g. waste and construction, pollution form

quarrying)
Deforestation

Other ecological aspects

Socio-cultural aspects Outmigration, manpower aVallablllty

Missing of undapted land use regulations

Land ownership and privatization

Tradition and culture

Education and knowledge on resource use

Attitude and awareness towards land resources

Abandonment of the rural areas and overexploitation of the left agricultural
areas

Overgrazing

Geopolitical pressures between countries (more water drillings in the
southern part of Cyprus after 1974)

Other socio-cultural aspects

Limited economic performance of agriculture

Restricted market access, economic isolation

Economic aspects —
Energy dependence on oil inputs

Other economic aspects

Lack of land use alternatives and arable land

Poor land use (e.g. urban sprawl, commercial development, vehicle off-
roading)

Absence of crop rotation and fallow periods

Overuse of fertilizers

. Too many water drillings and near the seashore
Technological aspects

High land use intensity (e.g. overgrazing, poor pasture management, poorly
regulated hunting, poor tourism development in coastal and mountain areas)

Unadapted irrigation practices (e.g. poor soil and water management for
irrigated and rainfed crop production)

Other technological aspects

The above mentioned pressures (Table 5-1) in combination with the factors of climate
change are expected to deteriorate even more some environmental phenomena or create
new more complicated conditions for the biodiversity of Cyprus. The major pressures on the
biodiversity of Cyprus as a result of several activities are listed below:

— Stress in the coastline environment due to tourism development (changes of land
use).
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— Abandonment of primary agricultural areas due to urbanization.

— Reduction in quantity and range of invertebrate and seed food due to intense
agricultural practises.

— Impacts on the biodiversity of small mammals due to intense agricultural practises
(Unit of Environmental Studies).

— Eutrophication due to contaminated waters.

— Contamination of freshwaters from livestock waste (I.A.CO Ltd, 2007).

— Degradation of soil productivity due to desertification (1.A.CO Ltd, 2007)

— Overexploitation of fisheries stocks (DoE, 2000).

— Changes in plant species distribution due to the localised overgrazing (DoE, 2000).

— Threat of certain animal populations due to illegal hunting (DoE, 2000).

— Changes in plant species distribution due overexploitation and contamination of
surface and ground water (DoE, 2000).

— Changes in forest plant species distribution in the abandoned parts of the
unprotected state forests.

— The dam construction in Cyprus provided new habitats for the local animal
population and for the migratory waterfowl. However, the local society in order to
provide the additional opportunity of sport fishing introduced big populations of 16
species of exotic freshwater fish and the crayfish Procambarus clarkii in every dam.
In 1995 only, the species of Mirror Carp (Cyprinus carpio), mosquito fish (Gambusia
affinis) and Rainbow trout (Oncorhynchus myskiss) were introduced for fishing in the
dams, but by 2000 largemouth bass (Micropterus salmoides) and crayfish
(Procambarus clarkii) were added and later the Roach (Rutilus rutilus). Except roach
all these species are known to be fed on either stage with amphibians (frogs,
tadpoles and spawn). This combination of fish and crayfish eliminated the frog
population from each dam and inevitably led the grass snake Natrix natrix cypriaca
into extinction (Unit of Environmental Studies).

The above factors are used additionally, in order to assess the future vulnerability of
biodiversity due to climatic changes in a more integrated perspective.
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5.3 Future impact assessment

According to the Millennium Ecosystem Assessment (MA, 2005), impacts on biodiversity due
to climate change have had a very rapid increase' over the last century, especially in dry
lands, mountains and polar regions.

The climatic factors that may have an impact on the biodiversity of Cyprus include the
decreased rainfall and increased temperature, droughts, fluctuations in intense precipitation
events, sea level rise, increased atmospheric CO, and changes in fire regimes. According to
PRECIS projections for the future period 2021-2050, the average annual temperature in
Cyprus is expected to increase by 1-2°C with respect to the control period 1960-1990, while
precipitation is expected to decrease in seasonal level and in minor degree in annual level. In
addition, the maximum length of dry spells (precipitation<0.5mm) is expected to increase 10
to 12 days on average while heat wave days (temperature >35°C) will be increased averagely
about 10-30 days on annual basis, depending on the region. Concerning future changes of
annual max total rainfall over 1 day, PRECIS projections show that a slight increase of about
1-4 mm is anticipated. Finally, regarding the highest annual total precipitation, falling in 3
consecutive days, a negligible increase of about 1-2 mm of rainfall is expected.

In this section the climate change impacts on the biodiversity sector, as these have been
identified in Deliverable 1.2, will be reviewed in light of the climate projections for the
future. The general correlations between the estimated climate changes in Cyprus and the
impacts on biodiversity on terrestrial and aquatic ecosystems of temperate climates are
listed in the following table (Table 5-2).

" The ranking of climate change by the Millennium Ecosystem Assessment (MA, 2005) is based on
evidence that climate change has already been affecting biodiversity (Secretariat of the Convention
on Biological Diversity, 2007).
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Potential climate
change in Cyprus

Table 5-2: Relationship between potential climate changes and impacts on biodiversity

Future impacts on biodiversity in temperate climates

Terrestrial ecosystems

Flora

Fauna

Aquatic ecosystems

Flora

Decreased rainfall &
increased temperature

Decrease of soil moisture
and thickness of soil layer
affecting the associated
plant species. (MOA)

Changes in food availability
which are responsible for
the changes in the
distribution of animal
species. (MOA)

Changes in ocean currents, in the
temperature of the upper sea
layers, in salinity and in the global
thermoline are responsible for
the changes in the distribution of
plant species (UNEP, MAP,
RAC/SPA, 2010).

The changes in sea currents routes can be
correlated with effects on fish recruitment,
mainly for the Lessepsians species. Also,
alterations in sea currents routes are leading to
changes in abundance of juvenile fish and
therefore can be correlated with production in
marine and fresh water.

The fluctuations in sea water temperatures are
responsible for changes in physiology and sex
ratios of fished species, alteration in timing of
spawning, migrations, and/or peak abundance
and also, for the increasing of invasive species,
diseases and algal blooms. These impacts are

leading to reduced production of target species

in marine and fresh water systems.

Changes in the marine food-webs cause
alterations to the food availability of fish, birds
and marine mammals.

Potential mismatch between prey (plankton) and
predator (fished species) (Allison, et al., 2009).

Droughts

Soil droughts cause localized
catastrophes of plants,
extinction of plant species,

Soil droughts cause changes
in habitats and food
availability, affecting the

Changes in lake water levels and
water flows in rivers and
consequently to the bank side

Changes in lake water levels and water flows in
rivers and consequently to the associated fauna
species.
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Potential climate

Future impacts on biodiversity in temperate climates

change in Cyprus

reduction of wild plants’
resilience and alterations in
the distribution of plant
species (MOA).

associated animal
populations (MOA).

vegetation.

Heavy and/or intense
precipitation events

Increased soil slippage
events, which are
responsible for localized
catastrophes of plant
species.

Floods are responsible for
localized catastrophes of
plant species.

Water logging of soils is
responsible for the
reduction of soil
productivity. (MOA).

Landslides are responsible
for the loss of animal
populations (MOA).

Floods are responsible for
the drowning of animals
(MOA).

Changes in timing and latitude of
upwelling, in stratification and in
mixing of nutrients in lakes and
marine upwellings. (EEA, JRC,
WHO, 2008)

Changes in pelagic distribution and productivity
(EEA, JRC, WHO, 2008).

Sea level rise

A potential sea level rise or
coastal floods are
responsible for the

salinization of coastal soils,

hence the changes in soil pH
and inevitably the changes
in vegetation (EEA, JRC,
WHO, 2008).

A potential sea level rise or
coastal floods are
responsible for the flooding
of the coastline, salinization
of coastal soils and changes
in vegetation. These
parameters are critical for
the survival of the animals
of the coastline (EEA, JRC,
WHO, 2008).

The increased superlittoral and
supralittoral inundation and the
general changes in the structure
of marine ecosystems can affect
the spatial distribution of plant
species, whose tolerance limit is
depended on the maximum
depth limit (e.g. Posidonia
oceanica has a maximum depth
tolerance limit of 42 meters in
Cyprus, Cymodocea nodosa
predominates in shallower
waters of 2-10 meters, Cystoseira

Sea level rise can cause flooding, coastal erosion
and the loss of flat and low-lying coastal regions.
It increased the likelihood of storm surges,
enforces landward intrusion of salt water and
endangers coastal ecosystems and wetlands
(EEA, JRC, WHO, 2008).
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Potential climate

Future impacts on biodiversity in temperate climates

change in Cyprus

spp. habitats are found in shallow
waters until 37m, while Caulerpa
prolifera and Halophyla
stipulacea are found in deeper
waters (Hadjichristophorou,
2000; Parari, 2009).

Increased atmospheric
Cco2

An enriched CO,
atmosphere is responsible
for the increased water use
efficiency of some plants
and as a result the altered
competitive interactions of
species (EEA, JRC, WHO,
2008).

Changes in food availability
are responsible for the
changes in the distribution
of animal species (EEA, JRC,
WHO, 2008).

Ocean acidification and changes
in sea water pH lead to the
saturation state of of calcium
carbonate (CaCOj3) minerals
affecting the distribution of plant
species (MedSeA, 2011).

The combined effect of the Mediterranean
seawater acidification -absorbing anthropogenic
CO, per unit area- with the low tropospheric
warming on the Mediterranean biogeochemistry
and ecosystems, and the ecosystem services
they support, through the direct impacts on its
highly adapted calcareous and non-calcareous
organisms, may be larger in the Mediterranean
than in other European regions (MedSeA, 2011).

Changes in fire regimes
(increased number of
wildfires)

Localised catastrophes of
plant species (DoF, 2005).

The challenge of forest fires
leads to the expansion of
grasslands and as a result to
extinctions of forest animal
species (DoF, 2005).
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For the purpose of this assessment, the impacts of climate change are grouped in the
following impact categories (Table 5-3) and assessed in the sections that follow.

Table 5-3: List of the selected impacts for evaluation

Selected impacts for evaluation

Distribution of plant species in terrestrial ecosystems

Plant phenology of terrestrial ecosystems

Terrestrial ecosystems
Distribution of animal species in terrestrial ecosystems

Animal phenology of terrestrial ecosystems

Marine biodiversity

Aquatic ecosystems Freshwater biodiversity

Phenology of aquatic ecosystems

Source: EEA, JRC, WHO, 2008

5.3.1 Impacts on terrestrial ecosystems
5.3.1.1 Distribution of plant species in terrestrial ecosystems

Climate change, with the expected milder winters, is expected to affect even more the
number of species, services of plants and plant communities. So far northward and uphill
movements of plants and extinctions of species have been observed, emerging the concern
about the resilience of wild plants to the rate of climate change. Another impact that is
expected to be exacerbated the is introduction of alien species’, having caused ecological
changes throughout the world in the past few hundred years (Clout & Lowie, 1997; Unit of
Environmental Studies), such as diseases of local species and alterations of keystone
species’. The invasive alien species alter or even extinct populations and native species in
the natural ecosystems.

In Cyprus: The general characteristics of the plant distribution in Cyprus are the low species
richness, the sensitive endemic plant species and the several invasive plant species. In the
current situation in Cyprus, due to its semi-arid climate and the continuous droughts, species
richness is further affected.

’An additional reason, recorded in Cyprus, is the human transportation of alien species across
biogeographical boundaries.
3 Keystone species are the species with the greater abundance in an area.
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Species richness in Cyprus will be even more affected in the future period (2021-2050) were
drought periods are anticipated to be increased. More specifically maximum length of dry
spell is anticipated to have an increase of 10 days in mountain regions, inland, southern
regions and southeastern regions. Only in western regions no increase is anticipated.

5.3.1.2 Plant phenology of terrestrial ecosystems

In temperate regions, with warm summers and cold winters, the length of growing season
depends mostly on temperature. In places such as Europe, growing seasons last as long as
eight months. Indicators for the length of growing seasons are the distance from the Equator
(the further away a place is from the Equator, the shorter the growing season) and the
height above sea level (higher elevations usually have colder temperatures).

There are two ways to determine the growing season in temperate regions. The first, and
more usual, is the calculation of the average number of days between the last frost in spring
and the first severe frost in autumn. The second, depending on crops, is the calculation of
the average number of days that the temperature rises high enough for a particular crop to
sprout and grow. Climate change affects the cold weather events which determine the
growing season length, such as the radiation frost in small geographic regions and the
advection frost for large geographic regions (Wake, 2005). As a result, changes have been
noticed in plant phenology (Menzel, et al., 2006) hence in ecosystem functioning too. More
specifically, changes such as the timing of seasonal events (budburst, flowering, dormancy,
migration and hibernation) are included in the term of phenology (EEA, JRC, WHO, 2008).

In Europe, there is clear evidence of changing phenology the latest decades (Parmesan &
Yohe, 2003; Root et al., 2003; Menzel et al., 2006). Changes in plant phenological
phenomena due to climate change have been observed, such as a percentage of 78% of leaf
unfolding, advancing trends for flowering and fruiting and only a 3% of a significant delay.
Furthermore, an average advance of spring and summer has been observed and estimated
to be 2.5 days per decade for the time period 1971-2000 (Menzel et al., 2006). This evidence
reveals the markedly changes of spring’s procedures over autumn’s, which is actually the
main responsible for the phenomenon of additional life cycles of species in a year (EEA, JRC,
WHO, 2008).

In addition, there are observations such as the increased concentration of pollen in the
atmosphere and its earlier start (on average 10 days earlier than 50 years ago), due to the
changes of flowering (Nordic Council, 2005). These trends in seasonal events are generally
believed that most certainly will continue to advance as temperature rises in the following
decades (EEA, JRC, WHO, 2008).

Some effects of the phenological changes include changes in the wildlife, timing of
procedures of farming (such as tilling, sowing, harvesting and earlier ripening of fruits),
forestry and gardening (e.g. more frequent and longer periods of cutting grass) (EEA, JRC,
WHO, 2008).
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In Cyprus: Changes in phenological responses of plants have been noticed in several places
of Europe, but there is no data available for Cyprus. The only relevant information about
Cyprus is its participation in the survey “Growing Season Temperatures in Europe and
Climate Forcings over the Past 1400 Years” (Guiot, Corona & ESCARSEL members, 2010).
More specifically, proxy series of tree ring series of Cyprus were used in the survey, which
revealed that the climate change we are currently living has not been seen in Europe for the
past 1400 years (Figure 5-1).
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Figure 5-1: Map of the proxies used for the survey of “Growing Season Temperatures in Europe and
Climate Forcings Over the Past 1400 Years”

Source: Growing Season Temperatures in Europe and Climate Forcings Over the Past 1400 Years

(Guiot, Corona, & ESCARSEL members, 2010).

The rich biodiversity of Cyprus is the result of the combination of the geographical structure,
landscape isolation due to its insular character, surrounding sea, topographic relief,
geological structure and of course climatic conditions. The flora and fauna of the island are
adapted to the various natural biotopes and climatic conditions, resulting in a large number
of endemic and rare species (DoE, 2000).
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Figure 5-2: The 25 hotspots. The hotspot expanses comprise 30-3% of the red areas

Source: Biodiversity hotspots for conservation priorities (Myers et al., 2000)

In the future period (2021-2050) temperature increase of about 1-2°C on average is
anticipated. More specifically, milder winters are expected. Winter minimum temperature is
anticipated to have an increase of 1°C in western regions, especially in Akamas area where
threatened plants are located. An increase of 1°C is also expected in mountain regions and
southern regions that threatened plants also located in a significant level (Troodos mountain
and Akrotiri peninsula). Finally an increase of 1 is anticipated in the inland regions and 0,8°C
in southeastern regions of Cyprus were distribution of threatened species is less dense.

On the opposite increases in summer maximum temperature can affect biodiversity
negatively as well. In the current period summer maximum temperature is on average 27-
29°C for western regions, 30-32 °C for mountain regions, 33 °C for inland regions, 32 °C for
southern regions and 33 °C for southeastern regions. In the future period it is anticipated to
increase about 1.7-2 °C for western regions, 2-2.7 °C for mountain regions, 2.4 °C for inland
regions, 2.3 °C for southern regions and 2.3 °C for southeastern regions on average. For
western, mountain and southern regions that most of the threatened plants are located this
increase of about 1.7-2.7°C can be damaging. For southeastern regions that distribution of
threatened species is less dense the increase will be less damaging. However there is no data
available concerning phenological responses of plants to future temperature increase.
Further research on the impact of anticipated increase in temperature for the future period
(2021-2050) in phenological responses of plants is required.
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In order to extract safe conclusions regarding the future impact of climate changes on
plant phenology, the following are also considered necessary:

— Determination of the growing season and timing of seasonal events (e.g. leaf
unfolding, fruiting, budburst, flowering, dormancy, migration and hibernation) in
the area

— Determination of plants’ life cycles

— Data availability on plant phenological response to climate change from a long
monitoring period

— Correlation with climatic conditions and clear distinction of the effect from
human activities

5.3.1.3 Distribution of animal species in terrestrial ecosystems

Temperature rise in the future can affect the habitat and food availability of animal species.
Thus, a population migration is possible to be caused, in order new shelter to be found. The
keystone species expand their distribution over the less adaptable. As a result the invasive
species bring along new threats for the host populations such as diseases. The most typical
example is the establishment of new pest species -such as migratory moths, butterflies, ticks
and mosquitoes- due to warmer winters.

Generally for the European area, there are estimations about animal northeast movement of
550km, 20% population shrinkage for the breeding birds by the end of the century, and
serious threat for reptiles and amphibians (Hickling et al., 2006; Araujo et al., 2006) due to
their limited dispersal ability (EEA, JRC, WHO, 2008). Furthermore, projections about the
mammals of the Mediterranean regions suggest up to 9% risk of extinction (assuming no
migration) during the 21* century (Andreou et al.).

In Cyprus: The most threatened species -in terms of population and species- are located in
terrestrial environments. The main reasons for the increased sensitivity to climate change
are the changes in food availability and landscape fragmentations.

It's worth mentioning that the recorded animal intrusions (mammals) in the island are the
result of human intervention. According to Hadjisterkotis (2000a) and Hadjisterkotis & Heise-
Pavlov (2006), five wild boars (Sus scrofa) were introduced to the island for game farming.
Several years after the introduction of the animal, in 1994, the wild boar was illegally
released in the Limassol Forest and in 1996 in the Troodos National Forest Park. In 1997, the
government decided its eradication from the area (Hadjikyriakou and Hadjisterkotis, 2006).
The main reasons for that decision were the prevention of a possible environmental
destruction of the National Forest of Troodos (an area of high biodiversity in Cyprus, where
72 endemic plant species are located) and the danger of transmitting diseases to livestock. In
January 2005, there were no wild boars seen in Troodos, Paphos and Limassol forests.
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Apart from the wild boar, the introduction of pheasants for hunting in habitats and of the
indigenous black francolin by the Game Service of Cyprus caused many problems due to the
similar habitat requirements of both animals (Unit of Environmental Studies).

5.3.1.4 Animal phenology of terrestrial ecosystems

Climate change has affected life cycles of many species. Anticipated, temperature rise can be
the main responsible for the changes in the metabolic limits of animals and the reduction of
the thermoregulation capacity of warm blooded animal species in the future period. Another
reason for the changes of the animal phenology is the milder springs, which are responsible
for the length of breeding seasons and as a result for the reproduction of more generations
of temperature-sensitive insects. In addition, the milder winters allow the survival of insects
making their growth easier. These trends are generally projected to continue, if climate
warming increases in the future (EEA, JRC, WHO, 2008).

In Cyprus: In general, there is no information available about the animal phenology for
Cyprus in relation with the increasing temperature, apart from the noticed increased
populations of insects in the forests of Cyprus (DoF). However increase in temperature can
affect animal phenology. Thus data for anticipated temperature increase for the whole study
domain is important. More specifically aaccording to PRECIS projections for the future
period 2021-2050, the average annual temperature in Cyprus is expected to increase by 1-
2°C with respect to the control period 1960-1990. A significant warming of about 1.0 — 2.0°C
is expected for the winter period and a warming of about 2.0 — 2.7°C for the summer period.
Further research on the impact of anticipated increase in temperature for the future period
(2021-2050) in responses of animal phenology is required.

In order to extract safe conclusions regarding the future impact of climate changes on
animal phenology, the following are also considered necessary:
— Determination of the length of growing season and breeding seasons in the area
— Data availability on animal phenological response to climate change (e.g.
metabolic limits of animals and thermoregulation capacity of warm blooded
species) for a long monitoring period
— Correlation with climatic conditions and clear distinction of the effect from
human activities

5.3.2 Impacts on aquatic ecosystems
5.3.2.1 Marine biodiversity

Levantine basin (Eastern Mediterranean Sea) is characterized by high temperature and
salinity, as well as low nutrient levels, making it a challenging biological niche which
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constantly tests species’ tolerance limits to physical components (Parari, 2009).The marine
flora and fauna of Cyprus are characterized by great diversity and low biomass, making them
vulnerable to climate change. Anticipated changes in temperature, salinity and nutrient
levels may affect further marine biodiversity.

According to PRECIS projections, for the future period 2021-2050, the average annual
temperature in Cyprus is expected to increase by 1-2°C with respect to the control period
1960-1990 (increase of about 1.0 — 2.0°C is expected for the winter period and a warming of
about 2.0 — 2.7°C for the summer period).The vulnerability of marine flora and fauna of
Cyprus will be increased due to the anticipated warming.

Anticipated increase in ambient temperature will affect water temperature as well. As the
Red sea is characterized by generally higher temperatures than the Mediterranean, a future
rise in average water temperature in the Mediterranean waters can offer an adaptive
advantage to invasive species, causing the displacement of other endemic species. Invasive
species enter into the Mediterranean Sea through the Gibraltar straits, the Suez Canal and
by being carried in ballast water of ships. However there is no data available for the
response in displacement of other endemic species due to anticipated increase in
temperature. Further research is required.

Other than invasive species, local biodiversity is also threatened by shift of ocean currents,
the changes in salinity and the ocean acidification. These changes may be the main reasons
for the anticipated changes in the phytobenthos and phytoplankton of the Mediterranean
Sea, where Cyprus is located. For example, marine habitats of neuralgic importance -such as
Posidonia oceanica meadows- are very sensitive to salinity, temperature and sedimentation
alterations. The meadows produced by this marine plant function as nursery grounds for
juvenile fish, reproductive fields and fisheries stock replenishment areas are exceptionally
important. A potential loss of these meadows would bring catastrophic consequences for
the marine biodiversity of Cyprus and its commercial fisheries (Parari, 2009). However there
is no data available for the impact on marine biodiversity due to response of shift of ocean
currents, changes in salinity and the ocean acidification to future climate changes. Further
research is required.

Levantine basin (Eastern Mediterranean Sea) is characterized by low nutrient levels among
else, making it a challenging biological niche which constantly tests species’ tolerance limits
to physical components (Parari, 2009). Changes in climatic parameters will affect nutrient
level of marine biodiversity. However further research is required to assess the future
impact on marine biodiversity due to changes in nutrient levels.

5.3.2.2 Freshwater biodiversity

Climate change affects the inland aquatic biodiversity. Future climate change can cause
enhanced phytoplankton bloom, favoring and stabilizing the dominance of harmful
cyanobacteria in phytoplankton communities, resulting in increased threats to the ecological
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status of lakes and enhanced health risks, particularly in water bodies used for public water
supply and bathing (EEA, JRC, WHO, 2008).

Furthermore, a warmer climate will generally intensify some phenomena caused by human
activities such as alterations to the host environment due to the introduction of new fish
species for sport fishing and eutrophication due to the increased loads of artificial or natural
substances. More specifically for eutrophication, future temperature rise will increase
mineralization and releases of nitrogen, phosphorus and carbon from soil organic matter
and increase run-off and erosion, which will result in increased pollution transport. Also
release of phosphorus from bottom sediments in stratified lakes is expected to increase, due
to declining oxygen concentrations in the bottom waters (EEA, JRC, WHO, 2008). However
there is no data available for the response in freshwater biodiversity (new fish species or
eutrophication) due to climate change. Thus further research is required.

In Cyprus:

In Cyprus, the plants, fish and aquatic organisms of rivers and water storage reservoirs
(dams) of Cyprus are generally in good condition, whereas the organisms of the
groundwaters are more strained. The nitrogen pollution from untreated sewage effluent and
agricultural run-off carrying fertilizers is responsible for the phenomenon of eutrophication.
Phenomenon of eutrophication can be deteriorated by climate change.

The areas identified as vulnerable to nitrogen pollution, according to the Nitrates Directive
91/676/EEC (Vulnerable Nitrate Zones), are the aquifers of Kokkinohoria, Kiti-Pervolia,
Akrotiri, Paphos, Poli Chrisohous and in the more recently added area of Orounta (DoA,
2011). The districts that the aquifiers are situated are affected by temperature rise. In
specific, Kokkinohoria, Poli Chrisohous and Paphos sited in the western of Cyprus will have
an increase in annual temperature of 1.3 °C. In Akrotiri, sited in southern Cyprus, the
increase will be of 1.6 °C, in Orouta 1.8 °C and in southeastern areas (Kiti-Pervolia) about 1.6
°C. However there is temperature increase in those districts aquifires do not face an
increase in water temperature.

The areas ‘Polemidhia Storage Reservoir’ and the coastal area between Cape Pyla and
Paralimni have been identified as sensitive according to the Directive Urban Wastewater
Treatment Directive 91/271/EEC (WDD, 2011). Another area sensitive to nitrogen and
phosphorus pollution is the recorded location in Larnaca, where the seabed (muddy sand
with Caulerpa) is degraded (Ramos et al., 2007). In those areas for the future period (2021-
2050) an increase of about 1.6 °C in temperature is anticipated.
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In order to extract safe conclusions regarding the future impact of climate changes, and
especially temperature increase, on freshwater biodiversity, the following are considered
necessary:
— Determination of the change in the size and bloom of phytoplankton and
relevant aquatic organisms
— Evaluation of the future oxygen content in waters
— Correlation with climatic conditions and clear distinction of the effect from
human activities

5.3.2.3 Phenology of aquatic ecosystems

Future changes in aquatic phenology have been estimated that are affected by climate
factors, such as the temperature rise and the degree and rate of regional climate change.
One of the most important effects is the change in the size and bloom of phytoplankton. The
future impact of weather on the intensity of ocean mixing (and its reverse ocean
stratification) can affect the light levels, surface temperature and magnitude of nutrient
recycling from deep layers, thereby influencing phytoplankton growth and bloom by driving
bottom-up processes (i.e. the role of members of one trophic level as food items for higher
trophic levels) throughout the pelagic food chain (Hays, Richardson, & Robinson, 2005).
However information about phytoplankton growth and bloom response to temperature rise
is not available and further research is required.

In addition, impacts of increased water temperatures may also include more stable vertical
stratification of deep lakes and increased oxygen depletion in lake bottoms, more frequent
harmful algal blooms, reduced habitats for cold-water aquatic species, and increased
incidence of temperature-dependent diseases (EEA, JRC, WHO, 2008). Other future impacts
of temperature rise are eutrophication, reduction of oxygen content and increase in the
biological respiration rates and lower levels of dissolved oxygen concentration. As a result
acidification and changes in sea water pH may be causes leading saturation of calcium
carbonate (CaCOsz;) minerals which further affects the distribution of plant species.
Furthermore, changes in levels of atmospheric concentration of carbon dioxide may affect
the rate phytoplankton consumes carbon dioxide from the water during photosynthesis and
the rate it emits oxygen as a by-product. Further research is necessary in this field that will
present response of the above mentioned factors in future temperature rise.

In Cyprus: Although an increased sea surface temperature (SST) is possible for the future,
this has not been associated with the anticipated aquatic phenology of Cyprus.
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5.4 Future vulnerability assessment

In this section, the future vulnerability of biodiversity to climate change impacts is assessed
in terms of their sensitivity, exposure and adaptive capacity based on the available
guantitative and qualitative data for Cyprus and the climate projections for the period 2021-
2050. In particular, sensitivity is defined as the degree to which biodiversity is affected by
climate changes, exposure is the degree to which biodiversity is exposed to climate changes
and their impacts while the adaptive capacity is defined by the ability of biodiversity to
adapt to changing environmental conditions which is also enhanced by the measures
implemented in Cyprus in order to mitigate the adverse impacts of climate change on the
sector.

The sensitivity, exposure and adaptive capacity of Cyprus biodiversity to climate change
impacts is assessed with using the same indicators, used for the assessment of current
vulnerability of biodiversity. The indicators used for the assessment of sensitivity, exposure
and adaptive capacity of Cyprus biodiversity to climate change impacts are summarized in
Table 5-4.

Table 5-4: Indicators used for the future vulnerability assessment of climate change impacts on the

biodiversity of Cyprus
Future
Vulnerability | Selected indicators
Variable
Distribution of plant species in terrestrial ecosystems
- — Landscape fragmentations
= — Species richness
:‘; — Percentages of the sensitive endemic plant species
§ — Percentages of invasive plant species
o — Distribution of the critically endangered plant species on the island
é — Temperature rise
=l — Changes in precipitation
P — Drought periods/ dry spell
— Resilience of wild plants to the rate of climate change*
—  List with the Critically Endangered (CR) plants
— Cleaning of some areas of the island from invasive plants
%' — Law 24/1988 on the ratification of the Bern Convention on the
s conservation of European wildlife and natural habitats
g — Law 153(1)/2003 on the protection and management of nature and
= wildlife
= — Law 4(Il1)/1996 on the ratification of the Convention on Biological
- Diversity (1992).
— Law 20/1974 on the ratification of the Convention on the
International Trade in Endangered Species of Wild Fauna and Flora
(CITES)
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Future

Vulnerability | Selected indicators
\EEL] (]

Distribution of animal species in terrestrial ecosystems

-‘E — Loss of species*
I*; — Landscape fragmentations
§ — Food availability
@ — Migration of species*
§ — Temperature rise
3 —  Dryspell
""' — Populations of animal species*
— Genetic adjustment*
—  Uphill migration
— List of endangered and threatened animal species
— Designation of SCI/SPA areas
— Law 24/1988 on the ratification of the Bern Convention on the
conservation of European wildlife and natural habitats
% — Law 152(1)/2003 on the protection of wild birds and “controlled
ol game” (Birds Directive 2009/147/EC)
g — Law 153(1)/2003 on the protection and management of nature and
,E wildlife (Habitats Directive 92/43/EEC)
T — Law 20/1974 on the ratification of the Convention on the
2 International Trade in Endangered Species of Wild Fauna and Flora

(CITES)

— Law 17(111)/2001 on the ratification of the Bonne Convention on the
conservation of Migratory Species of Wild Fauna.

— Law 8 (lll) / 2001 on the ratification of the Ramsar Convention

— Law 4(Il1)/1996 on the ratification of the Convention on Biological
Diversity (1992).

Marine biodiversity

— Number of invasive alien species*

— Northward movement of marine species*

— Variety of indigenous marine species

— Low biomass

— Changes in temperature, salinity and nutrient levels

— Alien species*

— Proximity to natural and manmade nautical channels which favor
species migration and relocation

— Marine zone

— Changes in temperature

Sensitivity

Exposure

— Genetic adjustment*

— Recording of marine Invasive Alien Species

Ratification of the Barcelona Convention on the protection of
Mediterranean Sea

— Ratification of the Barcelona Convention

Adaptive
capacity
|
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Future

Vulnerability | Selected indicators

Variable

Protection of aquatic species through the provisions of national law
since 1971

Law 24/1988 on the ratification of the Bern Convention on the
conservation of European wildlife and natural habitats

Law 153(1)/2003 on the protection and management of nature and
wildlife

Law 4(I11)/1996 on the ratification of the Convention on Biological
Diversity (1992).

The Fisheries Law and Regulations

Plan for the control of the population of Lagocephalus sceleratus
(IAS) in the coastal waters of Cyprus

Subsidies through the National Strategy Plan for Fisheries 2007-2013
(reduction of fishing effort, use of more selective fishing gear,
withdrawal of trawlers)

Law 13(1)/2004 on the protection and management of water
resources enforcing the Water Framework Directive (2000/60/EC)
Mediterranean Action Plan (MAP)

Coastal Area Management Programme (CAMP)

Freshwater biodiversity

Sensitivity

Indigenous fish species

Indigenous plant species

Human activities

Stratification*

Oxygen depletion*

Dominance of harmful cyanobacteria in phytoplankton
communities*

Nitrogen and phosphorus pollution in surface waters
Water quality

Endangered plant species*

Endangered aquatic species*

Exposure

Perennial rivers
Number of lakes
Number of water bodies
Water quality
Temperature rise
Increase in precipitation

Adaptive capacity

Genetic adjustment*

Buffer zones of protection of the environment

Enforcement of good fertilization practices in agriculture
Repair of existing infrastructures

Law 24/1988 on the ratification of the Bern Convention on the
conservation of European wildlife and natural habitats
National law on the protection of aquatic species of inland and
marine waters since 1971 and its related regulations
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Future

Vulnerability | Selected indicators
\EEL] (]

— Ratification of the Barcelona Convention on the protection of
Mediterranean Sea

— Law 20/1974 on the ratification of the Convention on the
International Trade in Endangered Species of Wild Fauna and Flora
(CITES)

— Law 4(Il1)/1996 on the ratification of the Convention on Biological
Diversity (1992).

— Law 13(1)/2004 on the protection and management of water.

— Law 34/2002 on the nitrogen pollution of waters (based on the
European Directive 91/676/EEC).

— Law 42/2004 on the control of nitrogen polluted waters.

— Law 41/2004 on the control of water pollution.

— Law 517/2002 on the control of water pollution.

— Law 56(1)/2003 on waste management.

— Law 108(1)/2004 on sewerage systems.

— Law 772/2003 on urban wastewater.

— Law 254/2003 on the nitrogen pollution of waterbodies.

— Law 106(1)/2002 on the control of the water and soil pollution.

— Captive breeding program in order to manage the problem of the
artificial introduction of exotic fish in the dams of Cyprus

* No date available for this indicator

The relationship between sensitivity, exposure and adaptive capacity is based on the
following qualitative equation:

Vulnerability = Impact — Adaptive capacity
where Impact = Sensitivity * Exposure

Sensitivity, exposure and adaptive capacity are evaluated on a 7-degree qualitative scale
ranging from “none” to “very high”.

In the sections that follow, the vulnerability is assessed for the impact categories presented
in Section 5.3:

Distribution of plant species in terrestrial ecosystems

Distribution of animal species in terrestrial ecosystems

Marine biodiversity

H w N

Freshwater biodiversity

It is noted that, the future vulnerability of “Plant phenology of terrestrial ecosystems”,
“Animal phenology of terrestrial ecosystems” and “Phenology of marine ecosystems” was
not assessed due to lack of relevant research findings.
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The future vulnerability of biodiversity varies substantially as it is related to the different
rate and magnitude of climate change in different parts of Cyprus due to the variability of
the air pollution levels, altitude, temperature and rainfall variations, meteorological

conditions (e.g. wind, moisture), local geomorphology and soil characteristics.

5.4.1 Terrestrial ecosystems
5.4.1.1 Distribution of plant species in terrestrial ecosystems

5.4.1.1.1 Assessment of sensitivity and exposure

Sensitivity

The general characteristics of the plant distribution in Cyprus which indicate a sensitive
environment to climate change plant species are the following: (i) low species richness, (ii)
sensitive endemic plant species and (iii) several invasive plant species.

i) Low species richness

The number of plant species in Cyprus is generally considered low in comparison with the
levels in Europe (Figure 5-3 and Figure 5-4), perhaps due to the semi-arid climate of the
island and the more frequent presence of consecutive years of droughts according to Biosoil
project (Hiederer & Durrant, 2010). Nevertheless studies undertaken in Cyprus indicate that
the percentage of Cypru’s endemism is 7,39% which is one of the highest in Europe
(Hadjichambis & Della, 2007).
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Figure 5-3: Species richness according to the European Forest Type Classification score (EFTC)

Source: Evaluation of BioSoil Demonstration Project Preliminary Data Analysis (Hiederer & Durrant,

2010)
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Figure 5-4: Ground vegetation species richness

Source: Evaluation of BioSoil Demonstration Project Preliminary Data Analysis (Hiederer & Durrant,

2010)
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ii) Sensitive endemic plant species

The more sensitive plant species are considered those that belong to relic populations and
those that are less capable to adapt in the new environmental conditions. The populations in
mountain ecosystems are more sensitive, due to the global phenomenon of uphill tree line
migration and the landscape fragmentations (Kullman, 2006; Kullman, 2007; Pauli et al.,
2007; EEA, JRC, WHO, 2008). Forests in Cyprus cover mountain areas equivalent to the
16.7% of the total surface of the island. As a result, forest plant species of Cyprus are
particularly sensitive to climate change.

More specifically, according to the Red Book of Flora of Cyprus (Tsintides et al., 2007), 7% of
the plant taxa in Cyprus is Regionally Extinct (RE/?RE), 14% of endemic plants of Cyprus is
characterized as Critically Endangered (CR), 19.5% as Endangered (EN), 39% as Vulnerable
(VU), 4,6% as Close Threatened (NT) and 2.2% as Low Danger (LC) (Figure 5-5).

Figure 5-5: Distribution of evaluated plant taxa in the IUCN Red List Categories
Source: The Red Data Book of the Flora of Cyprus (Tsintides et al., 2007)

In addition, an important percentage of the endemic plants of Cyprus, which are
characterized as Critically Endangered (CR) (Table 5-5), can only be found in Cyprus or in
other three countries at most (Figure 5-6 and Table 5-5).
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Figure 5-6: Chorology of the threatened and extinct plants

Source: The Red Data Book of the Flora of Cyprus (Tsintides et al., 2007)

Table 5-5 : List with the Critically Endangered (CR) plants of Cyprus

Plant Species

Location

Arabis kennedyae Meikle

Troodos, Triptilos(in altitude 900-1350m)

Astragalus macrocarpus subsp. lefkarensis
Agerer-Kirchhoff & Meikle

Only in Cyprus in Leykara, Asgata, Alaminos and
Kelokedara.

Centaurea akamantis
T. Georgiadis & G.Chatzikyriakou

Only in Akamas of Cyprus.

Delphinium caseyi

Only in Cyprus, in Pentadaktylos (tops of Saint

B. L. Burtt llarionas and Kyparrissovouno)
Scilla morrisii Exclusively at southwest of Cyprus (Monastiri, Agia
Meikle Moni, Saint Neofytos)

Salvia veneris Hedge

West of Kithreas villages

Erysimum kykkoticum
G. Hadjikyriakou & G. Alziar

One the rarest endemic species. It is located in the
valley of Xeros (Agrakin of Pissokremmou)

Source: The top 50 plants of the Mediterranean Island Plants (de Montmollin & Strahm, 2005)
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iii) Invasive plant species

According to the studies of Georgiades (1994) and Hadjikyriakou & Hadjisterkotis (2002), 152
adventive species have been recorded (Unit of