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1 INTRODUCTION
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This report constitutes the second Deliverable of Action 1 of the CYPADAPT project on the
“Development of a national strategy for adaptation to climate change adverse impacts in
Cyprus”. Its purpose is to perform a climate change impact, vulnerability and adaptation
(IVA) assessment for the case of Cyprus. The methodology followed is structured upon the
observed or expected climate change impacts in Cyprus as well as in the wider
Mediterannean region and further elaborates on each impact. It must be noted that the IVA
carried out in the framework of this report refers to the current situation in Cyprus and it
does not take into account projections of climate change impacts in the future. The future
IVA assessment for Cyprus is foreseen to take place in the framework of Action 3 of the
project.

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 Comission’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

@W‘@

<>
aquaculture
Cyprus
National
Adaptation
«<»

N

Water
resources J \

Figure 1-1: Selected policy areas in Cyprus for the IVA assessment

figure.

b

Following, one sub-report has been elaborated for each of the sectors presented in the
figure above (11 sub-reports in total), based on a common methodology structured upon 3
basic steps:
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/7

+» Step 1: Recording of the baseline situation (current resources, measures and plans

for their management, importance of each sector for the country, pressures). This
step is very important, as the data gathered were necessary for the assessment of
vulnerability, carried out in step 3 of the process.

«» Step 2: Impact assessment. In this step, a literature review has been 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 were
identified and relevant data were presented where available. Following, the trends
of the observed impacts and the likelihood of the expected impacts were evaluated.

7
0.0

Step 3: Vulnerability assessment. In this step, the vulnerability of each of the

identified impacts was assessed in terms of sensitivity, exposure and adaptive
capacity of the sector to climate changes, based on the available quantitative and
gualitative 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 is
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 measures implemented in Cyprus in order to
mitigate the adverse impacts of climate change on the sector.

For the vulnerability assessment various criteria were used, such as the magnitude,
timing, distribution, persistence and reversibility of impacts as well as other social
criteria. 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, 52 climate change impacts have been identified in the selected policy areas of
Cyprus, from which 16 have been evaluated as key priorities for adaptation action. In Table
1-1, the identified impacts in Cyprus as well as the key priorities are presented, while in
Annex |, the scores of sensitivity, exposure, adaptive capacity and vulnerability for each
impact are presented.

Chapter 1: Introduction Page 1-2
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Table 1-1: Impacts of climate change in the selected policy areas of Cyprus

Water
resources

Water availability for domestic water supply

(6)

Water availability for irrigation

| %

(1)

Surface water quality

Groundwater quality

(2)

Droughts

| %

(1)

Floods

Agriculture

Crop yield

(3)

Soil fertility

Pests and diseases*

Damages to crops from extreme wheather
events

(5)

Livestock productivity*

Costs for livestock catering *

Forests

Dieback of tree species, insect attacks and
diseases

(2)

Fires

(4)

Forest growth*

Floods

Fisheries and
aquaculture

Quantity and diversity of fishstocks*

Fishstock physical environment*

Costs implications for fishermen*

Coastal zones

Coastal erosion

(5)

Coastal storm flooding and inundation

Degradation of coastal ecosystems *

Biodiversity

Distribution of plant species in terrestrial
ecosystems

(4)

Distribution of animal species in terrestrial
ecosystems

(4)

Freshwater biodiversity

Marine biodiversity

Soils

Soil erosion (by wind and/or rain water)

(5)

Soil salinization — Sodification

Soil contamination

Desertification

(1)

Chapter 1: Introduction
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Landslides

Energy demand for cooling and heating

Renewable energy vyield (other than

Ener;
= hydropower)

Efficiency of thermal power stations

Damages to infrastructure due to urban floods

Infrastructure | Damages to infrastructure due to sea floods

Damages to infrastructure due to landslides *

Warmer summers DA (4)

Warmer winters

Coastal erosion

Tourism Water availability <% (6)

Heat waves

Biodiversity attractions

Storms, waves and floods

Deaths and health problems related to heat e
waves and high temperatures

(5)

Vector and rodent-borne diseases

Water- and food-borne diseases

Deaths, injuries and diseases from

Public health 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 the vulnerability of Cyprus was made while where knowledge and
research gaps were identified, suggestions were made for further research.
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2 NATURAL & HUMAN
ENVIRONMENT
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This section provides comprehensive data on the natural and human environment of Cyprus.
This information will help the reader to get acquaintance with modern Cyprus in general as
well as with the existing strengths and weaknesses of the island associated with climate
change adaptation and vulnerabilities.

Before presenting this information, it was considered of particular importance to notice that
Cyprus enjoys its freedom from British colonial rule since 1960 and that 34% of its sovereign
territory is occupied since 1974 when Turkey invaded the island. The “ceasefire line” runs
right across the island and cuts through the heart of Lefkosia (Nicosia), the capital of the
country. It is noted that even though the Republic of Cyprus is recognized as the sole
legitimate state of the island, the information regarding Cyprus presented in this report refer
to the areas of the island which are under the control of the Republic of Cyprus (excluding
the northern part of the island that is occupied by Turkey, unless otherwise stated).

Cyprus is an independent sovereign Republic with a presidential system of government.
Cyprus joined the European Union on 1 May 2004 while adopted the Euro in 2008. Cyprus
takes over the Presidency of the Council of the European Union from July to December 2012.

“Ceasefire line” of Cyprus: Turkish occupied territory
(orange), Greek part of Republic of Cyprus, British
sovereign bases

Figure 2-1: Ceasefire line of Cyprus (on the left) and Cyprus flag (on the right)

Chapter 2: Natural and human environment Page 2-1
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2.1 Natural Environment

2.1.1 Geographical position

Cyprus is the third largest Island of the Mediterranean sea after Sicily and Sardinia with a
total area of 9,251 sq km (3,572 sq miles), extending 240 km (149 miles) from east to west
and 100 km (62 miles) from north to south. It is strategically situated in the extreme
northeastern corner of the Mediterranean (33° E, 35° N), at the crossroads of Europe,
Africa and Asia (see also Figure 2-2), bordering Egypt 300 km to the South, Syria 105 km to
the East and Turkey 71 km to the North.

Atukwoia
o

SEKUTPOG
BnpuiocH

AapaockoGEe
E:32°N32°30/F S RE 373
ey

Figure 2-2: Location of Cyprus

2.1.2 Topography and geology

Topography

Cyprus consists of a central fertile plain (plain of Messaoria) and two mountain ranges: the
Troodos Mountains and the Pentadaktylos range which runs along almost the entire
northern coast. As illustrated in Figure 2-4 the latter comprises just a minor coastal range
compared to the Troodos massif in the central and south-western parts of the island which
culminates in the peak of Mount Olympus, 1,953 m above sea level.

Snow is quite frequent in the peaks of Troodos mountains, the melting of which along with
the low rainfall provide the island’s 100 dams with the necessary amounts of water for
satisfying the water needs of Cyprus. There are 14 main rivers in Cyprus all of which
originate in the Troodos mountain. The largest river of Cyprus is Pediaios (length: 100km). All
rivers dry up during summer. Cyprus' coastal line is indented and rocky in the north with
long sandy beaches in the south.

Chapter 2: Natural and human environment Page 2-2
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Geology

The island is divided into four geological zones: (a) the Pentadaktylos (Kyrenia) Zone (b) the
Troodos Zone or Troodos Ophiolite (c) the Mamonia Zone or Complex and (d) the Zone of
the autochthonous sedimentary rocks.

Figure 2-3: Geology zones of Cyprus

Source: Adapted from http://www.moa.gov.cy

Pentadaktilos
Mountain

Figure 2-4: Geophysical map of Cyprus
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2.1.3 Climate profile

Cyprus has a Mediterranean climate with hot dry summers (duration: June to September)
and mild, wet winters (duration: November to March), which are separated by short Autumn
and Spring seasons of rapid change in weather patterns in October, April and May. Sunshine
is abundant during the whole year. The daylength varies from 9.8 hours in December to 14.5
hours in June while the daily average sunshine exceeds eleven hours.

2.1.4 Land uses

The agricultural areas have the biggest share accounting for 47.92% of the total area of
Cyprus, followed by the forest and semi-natural areas with a share of 43.19%. The aggregate
share of these two sectors surpasses 90% of the total area, leaving small share for the other
categories: 8.45% for artificial areas and 0.44% for water courses and water bodies (see
Figure 2-5). A more detailed breakdown of land uses per category, as indicated by the Corine
Land Use classification system is given in Table 2-1, while an analytical map representation is
given in Figure 2-6.

M Artificialareas W Agriculturalland ™ Forestand semi-naturalareas W Water

8.45%

Figure 2-5: Level 1 Classes of CLC2006 in Cyprus
Source: DoA, 2011
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Table 2-1: Land use cover according to CLC2006 classification

Land Use
Classification No CORINE 2006 | Change 2000-
(CLC 2006) 2006
1.1.1. Continuous urban fabric 565 1
1.1.2. Discontinuous urban fabric 48485 11
1.2.1. Industrial or commercial units 14230 17
§ 1.2.2. Roads and rail networks 542 40
& 1.2.3. Port areas 427 19
g 1.2.4. Airports 2525 1
Sg 1.3.1. Mineral extraction sites 2553 -16
< 1.3.2. Dump sites 367 22
1.3.3. Construction sites 528 -243
1.4.1. Green urban areas 1010 -8
1.4.2. Sport and leisure facilities 6877 43
2.1.1. Non-irrigated arable land 238916 -2
2.1.2. Permanently irrigated land 18879 -2
§ 2.2.1. Vineyards 14117 1
< 2.2.2. Fruit trees and berry plantations 15560 6
© 2.2.3. Olive groves 6530 0
g 2.3.1. Pastures 1167 25
2 2.4.1. Annual and permanent crops 32242 -5
& 2.4.2. Complex cultivation patterns 73223 4
2.4.3. Agriculture with natural vegetation 41853 8
2.4.4. Broad-leaved forest 723 -6
= 3.1.2. Coniferous forest 153568 -1
§ 3.1.3. Mixed forest 355 -1
o 3.2.1. Natural grassland 28175 -14
é “ 3.2.3. Sclerophylous vegetation 157817 -2
g3 3.2.4., Transitional woodland/shrub 39577 28
?, ® 3.3.1. Beaches, dunes and sand plains 5145 -2
s 3.3.2. Bare rocks 2536 -13
g 3.3.3. Sparsely vegetated areas 12007 -1
= 3.3.4. Burnt areas 245 -4656
. 422 Salt marshes 2488 21
(]
g 5.1. Water bodies 1582 12

Note: the information provided in the last column is referring to the land use change between
CLC2000 and CLC2006
Source: DoA, 2011
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Figure 2-6: Land cover of Cyprus (CORINE presentation, data 2006)
Source: DoA, 2011
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11 | 243 - Agriculture with natural vegetation (41862 ha
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B 312 - Coniferous forest (153498 ha)

I 313 - Mised forest (357 ha)

|| 321 - Natural grassland (28189 ha)
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’ ] 331 - Beaches, dunes, and sand plains (5165 ha) (8%

[ | 332- Bare rocks (2551 ha)

:‘ 333 - Sparsely vegetated areas (12026 ha)

334 - Bumnt areas (241 ha
I 411 - Inland marshes (521 ha)
|| 421 - Salt marshes (1957 ha)

511 - Water courses (26 ha)

»| Wetlands (4**)

» Water (5*%)

|| 512 - Water bodies (1545 ha)

} Sea and ocean

Lo sk h

The areas have been d to the
The total area of Cyprus is 925,148 ha

Figure 2-7: Legend of CLC2006 classes in Cyprus
Source: DoA, 2011
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2.2 Human environment

2.2.1 Population profile

The population of Cyprus was 862,000 at the end of 2011. The growth of population
between 1881 and 2011 is presented in Figure 2-8. It has increased by 363% since 1881.
However, it is worth noticing that a remarkable fall of approximately 21% is observed in
1976, when the last Census after the Turkish invasion took place (date of Turkish invasion:
20/07/1974).

Note that this steep decrease of the population was recorded between the Census of
30/09/1976 and the Census of 01/04/1973, meaning that it represents the change of the
population between approximately 3.5 years.

1,000,000
500,000
800,000
700,000
600,000
500,000
400,000
300,000

200,000

100,000

0

' ' ' ' i ' ' ' ' i ' ' '
1881 1891 1901 1811 1921 1931 1946 1960 1973 1976 1982 1992 2001 2011
= Population| 186,173 | 209,286 | 237,022 | 274,108 | 310,715 | 347,959 | 450,114 | 573,566 | 631,778 | 497,879 | 522,845 | 615,013 | 703,529 | 862,000

(a) The population is referring to the areas of the island which are under the control of the
Government of Cyprus. The data for 2011 are referring to December and has been
obtained by Mol, 2012

(b) The x axis is not linear

Note:

Figure 2-8: Population growth in Cyprus (1881-2010)

Adapted from CYSTAT, 2011a

The population density of the island averages at 103 persons per square kilometer but
ranges from less than 10 persons per km? to 1000 persons per km? in the urban centers of
Cyprus. An analytical map of Cyprus with spatial distribution of population density is
presented in Figure 2-10. It can be seen that the population density varies significantly
across regions of Cyprus and that the population accumulates mostly in the urban centers of
the island, the majority of which are located in coastal areas.
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According to the latest data of the 2011 Population Consensus, the population by district of
Cyprus is as follows:

Districts Population (December 2011)

Lefkosia (Nicosia) 336,000
Lemesos (Limassol) 241,300
Larnaka (Larnaca) 146,300
Pafos (Paphos) 90,800
Ammochostos (Famagusta)* 47,600

Total 862,000

*Government controlled area

The population is ageing. The proportion of children below 15 years old has decreased
(16.9% and 25.4% for 2009 and 1982 respectively), while the proportion of elderly people
above 65 years old has increased (13% and 11% for 2009 and 1982 respectively)
demonstrating that the median age of the country is rising (CYSTAT, 2011a). According to
the Ministry of Interior (Mol, 2012) the life expectancy in Cyprus is 79 years and 82.9 years
for males and females respectively (see also Figure 2-9). The ageing of the population has
implications both for health & welfare costs as well as for the potential of increased
vulnerability associated with this susceptible social group (e.g risk of elderly people to
extreme weather events such as heat waves).

Age Bl Males B Females

80+
75-79
70 - 74
65 - 69
60 - 64
55-59
50 - 54
45-49
40 - 44
35-39
30-34
25-29
20-24
15-19
10- 14

9
-4

=

40 30 20 10 0 10 20 30 40
Thousand

Figure 2-9: Population by age and sex in Cyprus, 2009
Source: CYSTAT, 2011a
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Finally, regarding the national composition of the island®, 71.5% are Greek Cypriots, 9.5% are
Turkish Cypriots while 19% are foreign residents, out of which (Mol, 2012):

e 113,300 (13.1%) originate from EU countries; and

e 67,700 (7.85%) originate from non-EU countries.

' The percentages refer to the population of the island of Cyprus (952,100) and not only to the
Republic of Cyprus
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Figure 2-10: Population density of Cyprus Island

Source: stockmapagency.com

Chapter 2

: Natural and human environment

Page 2-11



http://www.stockmapagency.com/Population_Map_Cyprus_C-Cypr-2007-Pop.php

( y Impact, vulnerability and adaptation assessment for the case of Cyprus

2.2.2 Education

2
All children in Cyprus receive compulsory education between 4 /3 and 15 years old. The
Cypriot educational system comprises the following levels:

e Pre-school and preliminary education (<52/3 years old), compulsory since 2004 for
children aged between 42/3 and 52/3;
e  Primary education (52/3 < Age < 12), compulsory since 1962;

e Secondary education. This level of education comprises two stages, each with three
year course duration. The first stage (Gymnasia) is compulsory since 1985 while the
second stage (Lyceums) of education is optional and the students can choose among
public, private, technical and vocational Lyceums.

e Tertiary education, not compulsory.

In the following table some critical education indicators are provided for Cyprus and EU27.

Table 2-2: Comparison of education indicators between Cyprus and EU27

Item Cyprus EU27
Percenjcage of yqung people in the ages 20-24 with highest 86.30% 79.00%
educational attainment at least upper Secondary level
Percentage of the population aged 25-64 having completed at 74.10% 72.70%
least Upper Secondary level, 2010
Early leavers from education and training, 2010 12.60% 14.10%
Percenjcage of F)e_:opl_e between ages 25-64 with tertiary 35.60% 25.90%
education qualifications, 2010
Percgptage of people between 30-34 with tertiary education 45.10% 33.60%
qualifications, 2010
Lifelong Learning 7.70% 9.10%
Percentage of students studying in another EU-25, EEA or 0

. 2.709
Candidate country, 2009 36.40% 70%
Public expenditure on education as a percentage of GDP, 2008 7.40% 5.10%

Adapted from CYSTAT, 2012a

As illustrated in Table 2-2, the figures of the critical education indicators reveal that the vast
majority of the Cypriot population is well educated and it scores higher in most of them
comparing to EU27. As education contributes significantly to the receptiveness of new ideas
and challenges as climate change adaptation, the high level of education of the Cypriot
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population implies that awareness building shall require reduced effort. This is of particular
importance when addressing the matter of adaptive capacity to climate change induced
impacts, the vulnerability of which is strongly dependent on human behavior and response
(e.g. for the health sector when addressing the matter of reducing vector-borne diseases).

2.2.3 Employment

The employed persons has increased by approximately 0.19% from 2009 to 2010 (375,400
and 376,100 employed persons respectively). The breakdown of employed persons is
presented in Table 2-3 by economic activity for 2010.

Table 2-3: Employed persons by economic activity in Cyprus (2010 data)

Employed persons

Economic Activity

(thousands)
A. Agriculture, Forestry and Fishing 27.9 7.37%
B Mining and Quarring 0.7 0.18%
C. Manufacturing 33.8 8.92%
D E|eCtltI(.:Ity: Gas, Steam and Air 16 0.42%
Conditioning Supply
Water Supply; Sewerage, Waste
E. Management and Remediation 23 0.61%
Activities
F. Construction 36.3 9.58%
Wholesale and Retail Trade, Repair of o
G. Motor Vehicles and Motorcycles 66.4 17.53%
H. Transportation and Storage 16.9 4.46%
L Acc.orn.modatlon and Food Service 346 9.13%
Activities
J. Information and Communication 8.8 2.32%
K. Financial and Insurance Activities 17.6 4.65%
L. Real Estate Activities 1.5 0.40%
M. Pro.fe.st5|onal Scientific and Technical 16.4 4.33%
Activities
N. Adr.T1|_n.|strat|ve and Support Service 6.1 1.61%
Activities
0. Public Admlnlstr.atlon an.d Defence; 9.0 7 66%
Compulsory Social Security
P. Education 22.4 5.91%
Human Health and Social Work
. 15. .049
Q Activities >3 4.04%
R. Arts, Entertainment and Recreation 4.8 1.27%
S. Other Service Activities 8.9 2.35%
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Employed persons

Economic Activity

(thousands)
T. Activities of Households as employers 24.8 6.55%
Activities of Extra-territorial
U. 2.7 719
Organizations and Bodies 0.71%
Total 378.8 100%

Adapted from CYSTAT, 2011b

The structure of employment for the three broad sectors, namely primary, secondary and
tertiary sector, is presented in the following figure.

72.7%

E: Primary ﬁ; Secondary +#| Tertiary

Figure 2-11: Structure of employment in broad sectors (2010 data)

Source: CYSTAT, 2012b

In 2010, the unemployed persons totaled 25,372 which correspond to an increase of
approximately 19% compared to 2009 levels (21,325 persons). The share of unemployed
persons in the total economically active population is estimated at 6.2% in 2010 (25,372
unemployed over 412,600 economically active persons), while the corresponding share for
2009 was 5.3% (21,325 unemployed over 407,700 economically active persons).

It is noted that the newcomers in the labour force account for 16% of the total number of
unemployed in 2010, meaning that 4,070 out of 25,372 unemployed were persons that had
never worked in the past and were looking for work for the first time. Trade, restaurant and
hotels comprise the economic activity with the largest difference in unemployment rate as
illustrated in Figure 2-12.
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Figure 2-12: Unemployment by economic activity

Source: CYSTAT, 2012b

2.2.4 Gross Domestic Product (GDP)

On 1 May 2004 Cyprus became member of the European Union, while adopted Euro as its
national currency in 2008. During the last two decades, the economy of Cyprus has turned to
services and light manufacturing. The change of Gross Domestic product over the last 15
years is presented in Figure 2-15 while comparison of the per capita Gross Domestic Product
(GDP) of Cyprus with the other EU members is given in Figure 2-14.

Finally the share of GDP by economic sector and their change over time since 1995 are given
in Figure 2-15 and Figure 2-16 respectively.
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Figure 2-13: Gross Domestic Product at constant prices 2005 (left-hand scale) and annual change of GDP (right-hand scale)

#  Growth rate of G.D.P. at constant prices 2005

2010

- 9

- 8%

- 7%

- 0%

- 5%

- 4%

- 3

- 2%

“ 1%

- 0%

T 10%%

- -1%

- -2%

Source: CYSTAT, 2011b

Chapter 2: Natural and human environment

Page 2-16



(-‘y Impact, vulnerability and adaptation assessment for the case of Cyprus

Legend
_lzo0-400 _laon-&70 Caro-oz0
Hazo-1120 M 112.0-2740 e

Minimum walue: 200 Maximum value: 2740 eui5:110.0

Figure 2-14: GDP per capita in PPS (Index EU27=100) — 2011

Source: Eurostat
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Figure 2-15: Distribution of Gross Domestic Product by economic activity (Current market prices) -
2010

Source: Adapted from CYSTAT, 2011b
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Figure 2-16: Gross domestic product growth by economic activity (1995-2010)

Source: CYSTAT, 2011b
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3.1 Climate change and water resources

Water resources are closely interrelated with climate as the water cycle depends on climate
factors. More specific, water is received through precipitation while a large part is
evaporated directly or is returned to the atmosphere via plants (transpiration).
Evapotranspiration is strongly dependant on climatic factors such as temperature, radiation,
vapor pressure and wind. In addition, higher temperatures increase water-holding capacity
of the atmosphere and evaporation, resulting in increased climate variability, with more
intense precipitation and more droughts (Trenberth et al., 2003).

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 concequence (Bates et al., 2008).

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. As a result, water demand for various uses exceeds in most cases the amount of
freshwater available. In order to satisfy the demand for domestic water supply as well as the
demand from other water users (agriculture, tourism, industry, livestock) and to protect
ecosystems, a large number of measures has been undertaken so far in Cyprus. Although
water availability has substantially increased, the pressure on water resources remains
obvious.
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3.2 Baseline situation

For the year 2010, the available natural water resources of Cyprus in the areas under
Government control amounted to 197 Mm? (or 429 m®/capita), made up from 119 Mm?
surface water and 78 Mm? from groundwater resources. Another 65 Mm?® were available
from non freshwater resources; 53 Mm?® from desalination of seawater and 12 Mm? from
treated domestic effluents (WDD?).

3.2.1 Hydrology

The main natural source of water in Cyprus is rainfall. The average quantity of water falling
over the total surface area of the free part of Cyprus for the period 2000 - 2010 is estimated
to be 2.783 Mm?, but the actual inflow is only 10% or 278 Mm?, since the remaining 90%
returns to the atmosphere as direct evaporation and transpiration. The average annual net
rainfall is distributed between surface and groundwater storage with a ratio of
approximately 1:2. The situation is different from that prevailing during the period 1971 -
2000 where surface water inflow was approximately 1.7 times higher than groundwater
inflow. Figure 3-1 shows the quantity and distribution of freshwater resources in Cyprus for
the periods 2000 -2010 and 1971-2000.

2000-2010 1971-2000

Surface water;

surface water;
84 Mm?; 3%

235 Mim3; 9%

Groundwater;
194 Mm?; 7%

Groundwater;
135Mm?; 5%

(a) (b)

(a) FAO, 2000
(b) Prossessed data provided by the WDD

Figure 3-1: Relation between evaporation, surface and groundwater flow of precipitated water
(WDD) for the period 2000-2010 and 1971-2000

2 Unpublished data provided by Mr. Dimitriou Charalambos, Water Development Department of the Ministry of
Agriculture, Natural Resources and Environment
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3.2.1.1 Precipitation

Until 1997 the main source of water in Cyprus was rainfall. According to a long series of
observations, the mean annual precipitation for the period 1960-1990 was estimated at 503
mm, and from 2000 until now has been reduced to 468 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. Additionally there is great fluctuation in rainfall with
frequent droughts spanning two to four years.

A

Figure 3-2: Spatial distribution of rainfall in Cyprus
Source: WDD (1

3.2.1.2 Surface runoff - evapotranspiration

The seasonal distribution of surface runoff follows the seasonal distribution of precipitation,
with minimum values during the summer months and maximum values during the winter
months. As a result of the Eastern Mediterranean climate with long hot summers and a low
mean annual precipitation, there are no rivers with perennial flow along their entire length.
Most rivers flow 3 to 4 months a year and are dry during the rest of the year. Only parts of
some rivers upstream in the Troodos areas have a continuous flow (rivers of Xeros, Diarizos,
Kargotis, Marathasa, Kouris and Germasogeia). Most rivers have a rather steep slope except
for the rivers in the lowland areas along the southern coast. Most part of the rivers is,
however, at mid-altitude (WDD (1)).

It is considered that 85 — 90% of rainfall returns to the atmosphere as evapotranspiration,
which may reach 95% for dryer years. Therefore, the variability of rainfall is reinforced from
the increase of the losses to atmosphere, as the rainfall decreases. The need to decouple
drinking water supply and irrigation from annual rainfall variability led to the exploitation of
groundwater aquifers in which accumulated flows (> 1 year) are stored and in the
subsequent construction of dams of long-term storage.
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3.2.1.3 Groundwater flow

Based on the data for the period 2000 — 2010, it is estimated that the natural recharge of the
groundwater bodies under the effective control of the Republic of Cyprus is 194 Mm?
annualy. Groundwater bodies are also artificially recharged with water from dams and
recycled water.

3.2.1.4 Water demand

The total annual water consumption for 2011 was estimated to be 258 Mm?>. The two major
water consumers are the agriculture sector (irrigation) and the domestic sector, with a
consumption of 60% and 30%, respectively. The amount of water demand for irrigation is
met by approximately 70% water from Government Water Works and 30% water from
private boreholes (legal and illegal). Domestic sector includes water consumption for
permanent population (26%) as well as for tourism purposes (4%) (WDD, 2011a - Annex VII).

Livestock; 3% Landscape

irrigation; 4%

Industry
Tourism; 4%

eV

Figure 3-3: Allocation of total water consumption per sector for 2011

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.

3.2.1.5 Water Supply

The Republic of Cyprus in order to satisfy total water demand delivered a number of water
works for the exploitation of the available freshwater resources, such as dams. In spite of
those measures the dependence of water availability from rainfall continues. The long and
frequent drought periods have proven that the storage of rain water in dams does not
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ensure water sufficiency in long term. For this reason, the exploitation of non freshwater
resources (sea water, recycled water) has been promoted. Following, the abovementioned
water resources are described.

Dams

A total of 108 dams and reservoirs have been constructed under the supervision of the
Water Development Department, 56 of these are large dams. The combined storage
capacity of the dams is 332 Mm? (WDD, 2011a — Annex VII). None of the dams is used for
hydro-electric power, which is considered unfeasible due to the limited and infrequent flow
of the streams. 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.

Groundwater abstractions

The total volume of groundwater abstractions is estimated at 131 Mm® annually. The
average annual volume of artificial recharge is 10 Mm?®, while approximately 8 Mm? of
recycled water is used for irrigation, mainly in the groundwater bodies of Kokkinoxoria, Kiti-
Perivolia and Akrotiri. The suggested volume of abstraction from all groundwater bodies is
104 Mm? annually. This volume of abstraction does not deteriorate the qualitative and
guantitative status of groundwater bodies (WDD, 2011a — Annex VII).

The use of groundwater for domestic purposes is the main source for the majority of the
villages. In addition, both irrigation and drinking water supply in mountain villages are
exclusively satisfied from boreholes. Intension of the Government Water Policy is to
progressively reduce the use of groundwater all over Cyprus for domestic purposes, due to
its shortage and the deterioration of its quality (Savvides et al., 2001).

Desalination plans

Up to date, two permanent Desalination Plants are operative in Cyprus to full capacity, the
ones of Dhekelia and Larnaca, with a total capacity of 122.000 m?/day. For the short term
management of drought, two mobile plants were put in operation in 2009 in Moni (20,000
m?>/day) and in the Garilli river bed (10,000 m*/day). Furthermore, a mobile plant in Pafos is
operating since 2010 with a capacity of 30,000 m®/day (WDD, 2011a — Annex VII).

The total amount of water produced from desalination plants for public water supply (52.8
Mm?) covered 64% of total demand (82.1 Mm?®) for 2010 (See Figure 3-4).

Recycled water

Recycled water is a resource which has been given increased attention in recent years. The
importance of this resource is particularly large for countries with a dry climate and even
more for countries whose development has led the supply-demand balance to negative
rates, as in the case of Cyprus. Providing recycled water for irrigation through Government
Water Works reached 12 Mm? in 2010, from which 9 Mm? was supplied for irrigation and
about 3 Mm? for artificial recharge of aquifers (WDD, 2011a — Annex VII).
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Figure 3-4 and Figure 3-5 summarize the allocation of water from Government Water Works
to the domestic and agricultural sector for the period 1991-2010 while Figure 3-6 shows the
total water supply from Government Water Works.
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Figure 3-4: Allocation of water from Government Water Works to the domestic sector, 1991-2010

Source: WDD (2)
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Figure 3-5: Allocation of water from Government Water Works to irrigation purposes, 1991-2010

Source: WDD (3)
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Figure 3-6: Allocation of water supply from Government Water Works, 1991-2010

3.2.1.6 Water balance

Source: WDD (4)

For the period 2000-2010 the total average water demand was 250 Mm?®. However, the

available freshwater resources (217 Mm?) could not cover the total demand. This gap (42

Mm?*) was covered by non-freshwater resources (desalination and recycled water)(WDD).

The allocation of water supply sources used in order to satisfy water demand in the period
2000-2010 are presented in Figure 3-7.

Desalinated
water
13%

Recycled water,

5%

Figure 3-7: Water sources used for the satisfaction of water demand in Cyprus (average for the

period 2000-2010)
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3.2.2 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.

The qualitative stresses are mainly attributed to point pollution sources which, for the case
of Cyprus can be summarized as follows:

e Municipal wastewater, where there are collective sewerage systems and central
wastewater treatment facilities

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, desalination plants and ports to the marine environment, also to a
lesser extent.
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3.3 Impactassessment

Climate warming observed over the past several decades globally is consistently associated
with changes in a number of components of the hydrological cycle and hydrological systems
such as changing precipitation patterns, precipitation intensity and extremes, widespread
melting of snow and ice, increasing atmospheric water vapour, increasing evaporation and
changes in soil moisture and runoff (Bates et al., 2008). The correlation between the
observed changes in climate and the current or potential impacts on water resources for the
case of Cyprus is presented in Table 3-1.

Table 3-1 : Relationship between observed climate changes and impacts on the water sector

Observed change Impact

Increased water temperatures

Increase in evaporation

Water availability reduction

Increased evapotranspiration Lower replenishments rates (lower groundwater levels)
Salinisation of water resources

Decrease in runoff

More widespread water stress

Increased water pollution and deterioration of water quality
Decreased precipitation, including due to lower dissolution of sediments, nutrients, dissolved
increased droughts organic carbon, pathogens, pesticides and salt

Decreased rates of groundwater recharge

Salinisation of coastal aquifers due to overpumping
motivated by insufficient water supply

Increased temperature

Increase in interannual precipitation Increase in the difficulty of flood control and reservoir
variability utilization during the flooding season
Flooding

Adverse effects in quality of surface water and groundwater
Increase in heavy precipitation events | Contamination of water supply

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

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

Increase in surface water temperature

Sea level rise Salinisation of coastal aquifers (minor effect)

The impacts of climate change on water resources are further analyzed in the following
sections of this chapter. These are grouped in four impact categories, namely (i) decrease in
water availability, (ii) deterioration of water quality, (iii) increase in flood frequency and
intensity, and (iv) increase in drought frequency and severity.
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3.3.1 Decrease in water availability

Changes in temperature, precipitation patterns and snowmelt can have impacts on water
availability (Parry et al., 2007). Climate change 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). In Cyprus, the
observed diminished precipitation and increased potential evapotranspiration, directly
linked to the temperature increase, indicate that water availability is threatened.

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 evaporation. Over the 20th century, changes
in precipitation patterns and temperature in southern parts of Europe led to a slightly
decreasing trend in annual river flows (Milly et al., 2005). However, an increase in extreme
high river flows is also projected for large parts of Europe 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).

In Cyprus, the mean quantity of runoff during the period 1971-2000 reduced by 40%
compared with the period 1917-1970 with a respective mean precipitation reduction around
13% (Rossel, 2002). In Figure 3-8 the change in the inflow to the main dams of Cyprus for the
period 1917-2000 is presented.

45
40
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*1917-1970: Design estimates
* 1970-2000: Actual dam inflow

Figure 3-8: Change in inflow to the main dams of Cyprus for the period 1917-2000

Source: Rossel, 2002
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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. 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.

The climatological conditions that prevail in the island of Cyprus in conjunction with the
intense agricultural development that took place during the second half of the previous
century and the subsequent increased demand for irrigation had as a result the
overexploitation of Cyprus’ aquifers. More particularly, a negative balance to most of the
aquifers and a reduction in the groundwater levels is observed since 1960. This is also the
case for the period from 2005 to 2008 when the prolonged drought had adversely affected
the recharge of aquifers, which resulted in a drop of groundwater levels up to 8 meters in
the groundwater bodies of Central and Western Mesaoria. However, rainfalls during the
hydrologic year 2009/10 had been beneficial since a partial upturn was observed to some
groundwater bodies (GSD, 2010).

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).

Table 3-2: Level trends in groundwater bodies for the period 2000-2008

Groundwater body Groundwater level trend

CY_1 Kokkinochoria Upward-Fluctuating

CY_2 Aradippou Gypsum Downward-Fluctuating

CY_3 Kiti-Pervolia Fluctuating

CY_4 Zigi-Softades Steady-Fluctuating

CY_5 Maroni Gypsum Steady or Downward

CY_6 Mari-Calo Chorio & Chirokitia Sandstone Downward

CY_7 Germasogeia Steady-Controlled

CY_8 Limassol Fluctuating

CY_9 Akrotiri Fluctuating-Upward

CY_10 Paramali-Avdimou Fluctuating-Downward

CY_11 Paphos Fluctuating-Downward at eastern parts

CY_12 Letimvou-Giolou Steady-Upward

CY_13 Pegeia Downward
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Groundwater body Groundwater level trend

CY_14 Androlikou Steady-Upward
CY_15 Chrisochou-Gialia Downward
CY_16 Pyrgos Downward at coastal parts
Downward

CY_17 Central and Western Mesaoria

CY_18 Lefkara-Pachna Downward-Fluctuating

CY_19 Troodos Fluctuating

Source: WDD, 2011a

3.3.2 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). The main climate-related causes of water quality deterioration are attributed to (i)
flow variation, (ii) increased temperatures and (iii) increased salinization of groundwater
bodies.

For Cyprus, as a result of increased evapotranspiration rates, an additional cause should be
considered. 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.

In Cyprus, a trend in water quality deterioration is mainly observed in groundwater
resources. The rapid urbanization in various parts of Cyprus during the last 30 years as well
as the direct discharge of wastewater in the aquifers, 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.
In addition, climate changes in Cyprus have led to the elongation of the irrigation period,
thus creating an increased water demand in agriculture which led to aquifer over-pumping.
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Furthermore, climate factors boost natural processes causing water quality deterioration.
More specific, 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).

In order to extract safe conclusions regarding the impact of 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

3.3.3 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
climate change, they may give 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
Raisanen, 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. In Cyprus during the last forty years (1971-2010), 340 flooding events®
were recorded (WDD, 2011d). From Figure 3-9, 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,

* An event in the WDD study (2011d) is a location where a flood had negative effects. Thus, there are often many
events for a single rainfall-runoff event.
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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 3-9: Number of flooding events per year in Cyprus (1971-2010) (CYPADAPT)
Source: WDD, 2011d

3.3.4 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).
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Figure 3-10: Main drought events in Europe, 2000-2009

Source: 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 3-11).
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Figure 3-11: 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 3-12, 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
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observed in 1968-69, the last “wet” year in 1991-92 and the last “above normal” year in
2002-03. On the other hand, many years with precipitation below normal were observed
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 3-12: Mean annual precipitation in Cyprus (area under Government control)

Source: WDD (5)
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3.4 Vulnerability assessment

In this section, the 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. In particular, sensitivity is defined as the degree
to which water resources are affected by climate changes, exposure is the degree to which
water resources are exposed to climate changes and their impacts while the adaptive
capacity is defined by the ability of water 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.

The indicators used for the assessment of sensitivity, exposure and adaptive capacity of
Cyprus water resources to climate change impacts are summarized in Table 3-3.

Table 3-3: 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

— Control groundwater overexploitation
— Use of water supply meters

Adaptive capacity
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Vulnerability

. Selected Indicators
variable

— 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

— 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

o
o
o
(=3
»

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

Sensitivity

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

— Identification of flood risk areas

— Preparation of Flood Risk Management Plans

Adaptive
capacity
|
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Vulnerability

. Selected Indicators
variable

Droughts
-‘E — Sensitivity to Desertification Index
S — Percent of areas characterized as semi arid with an increased sensitivity
c . .
g — Percent of areas immediately threatened
— Number of consecutive years of drought
g — Amount of deficit during drought periods
(7] .
S — Frequency of drought periods
& — Percent of years characterized as ‘severe drought’ and ‘drought’ years
— Standardized Precipitation Index (SPI)
22
§ § — Elaboration and implementation of a Drought Management Plan
T @©
gL 9

*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 3:

1. Water availability
2. Water quality

3. Floods

4. Droughts

Chapter 3: Water resources Page 3-19



( y Impact, vulnerability and adaptation assessment for the case of Cyprus

3.4.1 Water availability

3.4.1.1 Assessment of sensitivity and exposure

Sensitivity and exposure of water availability to climate changes in Cyprus is assessed by the
sensitivity of runoff to changes in rainfall which results in increased flow variability and the
exposure to limited water supply safety. 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 of the sector are presented.

3.4.1.1.1 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 3-13, 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 3-13: Relationship of rainfall and dam inflow in Cyprus (1987/88-2010/11)

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). In Table 3-4 the change in rainfall and inflow to the catchment area of
the main dams of Cyprus for the period 1917-2000 is presented.
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Table 3-4: Change in rainfall and inflow to the catchment area of the main dams of Cyprus (1917-

2000)
Change (%)
Dam catchment area
Rainfall

1 Pomos -40% -16%
2 Argaka -45% -16%
3 Evretou -42% -17%
4 Kannaviou -41% -15%
5 Asprokremmos -41% -16%
6 Arminou -38% -15%
7 Kouris -34% -13%
8 Polemidhia -30% -10%
9 Yermasogeia* -25% -10%
10 Kalavasos -58% -15%
11 Dhypotamos -40 % -14%
12 Kiti -41% -10%
13 Tamassos -42% -18%
14 Xyliatos -26% -13%
15 Kalopanayiotis -24% -13%

Average -39% -14%

Source: Rossel, 2002

As it can be seen in Table 3-4, all main dams in Cyprus have been exposed to decreased
inflow due to decreased precipitation, with the magnitude of exposure ranging from -24% to
-58% in the period 1917-2000 (high exposure).

Figure 3-14 shows, as an example, the relation between annual rainfall and runoff for the
catchment of the Kouris dam for the period 1916/17-1999/2000, where a 34% decrease in

annual runoff was observed for a 13% decrease in annual rainfall for this catchment.
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Figure 3-14: Relation between annual precipitation and annual inflow to the catchment area of the
Kouris dam for the period 1916/17-1999/2000

Source: Rossel, 2002

3.4.1.1.2 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 3-15
it can be seen that there is high variability in dam inflow for the period 1987/88-2010/11
(average dam inflow: 78.5 Mm?®/yr, standard deviation: 52.1 Mm?/yr) and thus high
sensitivity of Cyprus surface water resources to climate changes.
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Figure 3-15: Variability of flow into the dams of Cyprus for the hydrological years 1987/88-2010/11

Source: WDD (6)
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3.4.1.1.3 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 3-16 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 S
Over-pumping !

Figure 3-16: 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
3-5). Given that a large percent of groundwater bodies have been exposed directly or
indirectly to climates changes, Cyprus’ groundwater resources are characterized by high
exposure to climate change.

Table 3-5: Quantitative status of groundwater bodies in Cyprus, 2000-2008

Over-pumping

(Mm3/yr) Condition

No of groundwater body Groundwater level trend

CY_1 Kokkinochoria Upward-Fluctuating ‘ 4.5 ‘ BAD

* 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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Over-pumping

No of groundwater body Groundwater level trend (Mm3/yr) Condition
CY_2 Aradippou Gypsum Downward-Fluctuating 0.5 GOOD
CY_3 Kiti-Pervolia Fluctuating 11 BAD
CY_A4 Zigi-Softades Steady-Fluctuating 0.7 BAD
CY_5 Maroni Gypsum Steady or Downward 0.7 GOOD
CY_7 Germasogeia Steady-Controlled 0 GOOD
CY_8 Limassol Fluctuating 0.9 BAD
CY_9 Akrotiri Fluctuating-Upward 2.4 BAD
CY_10 Paramali-Avdimou Fluctuating-Downward 0.7 BAD
CY_11 Paphos FIuctuating—DoF\)A;r:gAS/ard at eastern 05 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
CY_17 Central an.d Western Downward 6.7 BAD
Mesaoria
CY_18 Lefkara-Pachna Downward-Fluctuating 3 BAD
CY_19 Troodos Fluctuating 3 GOOD

Source: WDD, 2011a

3.4.1.1.4 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.
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Following, the indicators used for the quantification of water stress caused by the decreased
guantity 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.

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.
The estimated WSI value of 284 mg/capita/year is considered very low, which shows that it is
not possible to rely exclusively on freshwater resources.
available freshwater resources (avg.2000 —2010) 217 Mm?3

wSI = = =284m3 it
population (avg.2001 —2011) 764,231 m*/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
WEI =

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
al., 1997). As shown in Figure 3-17, the WEI of Cyprus for the year 2007 was 64%, which is by
far the highest WEI value among the European countries.
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(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 3-17: 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,
indicating that the demand is higher than the availability of freshwater sources (WDD").

available freshwater resources —demand 217 Mm3 — 249 Mm3

WAI = = -0.07

available freshwater resources + demand ~ 217 Mm3 + 249 Mm3

Decreased precipitation and increased evapotranspiration due to temperature increase led
to decreased water availability, while the increase in demand due to population increase
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and the rising of living standards added an extra pressure in the already limited freshwater
resources. From Figure 3-18 it can be seen that water demand exceeded available
freshwater resources in the period 2000-2010 for 7 out of 11 years.
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Figure 3-18: 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 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 all reservoirs and the majority of groundwater bodies in Cyprus have
recorded a decreasing trend.

3.4.1.2 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 WDD has put a number of measures in place to
reduce water demand and to diversify water supply such as the production of desalinized
sea water, the use of non-conventional sources such as the use of recycled water, the
efficient use of available water including the better use of pricing and water conservation
measures, the protection, preservation and improvement of the water quality, the
introduction of new effective management procedures through the establishment of a

> Unpublished data provided by Mr. Dimitriou Charalambos, Water Development Department of the Ministry of
Agriculture, Natural Resources and Environment
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Water Entity and the development of the remaining existing water resources with the
construction of dams until 2015 (WDD, 2011a).

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. These measures
include controls of abstraction and impoundment of water, measures promoting the
efficient and sustainable water use, utilization of surface water resources from projected
works, demand management measures (WDD, 2011a). The water demand management that
have been identified include: replacement of networks, use of non-conventional water
resources, subsidy and financial support programmes, scenarios of water allocation, use of
water meters, stormwater use, redistribution of irrigated land, further improvement of
irrigation efficiency, water pricing, educational campaigns for water saving (WDD, 2011c).

In addition, a series of administrative measures (extended operation of water boards at
district level, extension of sewerage boards operation at district level), economic and fiscal
measures (establishment of the "Water Fund") are also expected to reduce water
consumption and thus enhance water availability in Cyprus (WDD, 2011a).

The abovementioned adaptation measures as well as their status of implementation are
presented in Table 3-6, while in the following sections a brief assessment of the
effectiveness of the main measures is conducted.
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Table 3-6: List of measures to adapt Cyprus' water management to climate change impacts

Adaptation measures Implemented Planned Prescriptive Legally binding Incentives
Measures to increase water supply
Reservoirs X
Inter-basin water transfer X
Artificial recharge of aquifers X X
Water import X
Diversification of water resources utilisation
Water reuse X X
Desalination X X
Stormwater harvesting X
Measures to decrease water consumption
Replacement of networks X X
Water allocation/cuts X X
Use of water meters X X
Redistribution of land X X
Increasing efficiency of irrigation X X X X
Control groundwater abstractions X X
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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3.4.1.2.1 Measures to increase water supply

Reservoirs

The capacity of dams has significantly increased since 1960 from 6 Mm?® to 332 Mm? (Figure
3-19). 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.
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Figure 3-19: 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.

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

Chapter 3: Water resources Page 3-30



( y Impact, vulnerability and adaptation assessment for the case of Cyprus

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).

3.4.1.2.2 Measures for the diversification of water resources utilisation

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 3.4.1.1.4: 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 has prepared a Desalination
Plan which foresees the operation of 5 Permanent Desalination Plants by 2012, with a total
production of 252,000 m>®/day. The contribution of desalination plants to domestic water
supply for 2010 amounted to 65% which equals 55.5 Mm?, while is expected to increase
significantly after the operation of the additional desalination plants.

The desalination capacity has increased from 40.000 m3/d in 1997 when the first
desalination plant in Cyprus operated to 182,000 m?/d in 2011 and will reach a capacity of
252,000 m®/d in 2012. Table 3-7 summarizes the desalination plants in operation and their
respective capacities for the years 1997, 2011 and 2012.

Table 3-7: Desalination plants in operation for the years 1997, 2011 and 2012

Capacity (m°/d)
Desalination plant

Dekelia 40,000 60,000 60,000
Larnaca - 62,000 62,000
Lemesos - - 40,000
Pafos - - 40,000

Moni (mobile) - 20,000 -

Pafos (mobile) - 30,000 -
Vasiliko - - 50,000

Garilli (mobile) - 10,000 -
Total 40,000 182,000 252,000

Source: WDD, 2011a
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However, 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. As shown in Table 3-8, the capacity of the new Waste Water Treatment Plans in
2012 amounts to 59 Mm?2 per year and will reach up to 65 Mm? per year over the medium
term (2015) and 85 Mm?3 for long-term (2025). The annual water recycling is expected to
reach 28.5% of today’s agricultural water demand (WDD, 2011a- Annex VII).

Table 3-8: Estimated volumes of treated wastewater for the years 2012, 2015, 2025

Quantity of treated wastewater (Mmslyear)

2012 2015 | 2025

Municipal wastewater treatment 6 51 69
plants

Rural wastewater treatment plants 13 14 16
Total 59 65 85

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
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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. Quality of reclaimed water has always been an issue, but to date, the
problem of micro-pollutants has not been considered yet. 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.

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, 2009) in order to
explore the potential use of storm water.

3.4.1.2.3 Measures to decrease water consumption

Replacement of networks

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
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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 3-20). As shown in Figure 3-21, total water use efficiency in
Cyprus rose from 65% in 1995 to 82% in 2005-2010 (Plan Blue, 2011).
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Figure 3-20: Water use efficiency in two sectors (drinking water and irrigation) in 2010

Source: Plan blue, 2011
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Figure 3-21: 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).

Redistribution of irrigated land
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Land redistribution 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 redistribution 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 redistribution of small pieces of irrigated land
and its contribution as a water saving measure. However, irrigated areas that have been
redistributed 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
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
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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).

Table 3-9 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 Mm3/yr.

Table 3-9: Water demand management measures and estimated savings

Water savings Data coverage

Measure (Mm?/yr) [vears)

Replacement of water supply networks ‘ 33 ‘ 2000-2010
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Measure Water savings Data coverage
(Mm?3/yr) (years)
Use of non-conventional water resources
Recycled water 12.5
. 2005-2008
Desalinated water 55.5"
Stormwater 0
Subsidies for reducing domestic water demand
Borehole drilling 13
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

Considering that 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,
Cyprus’ adaptive capacity to water availability for domestic water supply is considered high.
On the other hand, the measures applied have not yet managed to fully satisfy water
demand for irrigation as agriculture constitutes the second priority of the Government water
policy, after meeting the demand of the domestic sector. 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. Therefore, the adaptive capacity to the water availability for irrigation is
considered as limited to moderate.
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3.4.2 Water quality

3.4.2.1 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. 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-explotation.

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.

The exposure was 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.

3.4.2.1.1 Surface water bodies

Status of river water bodies

Based on the results of the monitoring program of Cyprus water, 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 3-22).
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Figure 3-22: Ecological status of river water bodies, (%) number of bodies

Source: WDD, 2011a
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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 3-23).
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Figure 3-23: 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).

In the following figures (Figure 3-24 and Figure 3-25), the ecological and chemical status of
river and lake bodies of Cyprus are depicted in the form of maps.
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Figure 3-24: Map of the ecological status of river and lake bodies in Cyprus

Source: WDD (7)
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Figure 3-25: 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

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
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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 3-28) (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 3-26: Map of surface water vulnerability to pollution

Source: PigWasteMan, 2007

Considering the above, it is estimated that the exposure of surface water bodies to pollution
is limited to moderate.

3.4.2.1.2 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
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investigation. In addition, increased concentrations of sulphates, ammonium, arsenic,
pesticides and increased conductivity were found in several groundwater bodies (see Figure
3-27). 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 3-27: Excess values of selected parameters in the groundwater bodies of Cyprus

Source: WDD, 2011 — Annex VI

Furthermore, five (5) areas in Cyprus which drain into waters vulnerable to pollution from nitrogen
nitrogen compounds have been declared as Vulnerable Nitrate Zones (VNZ), according to the
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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,
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
is approximately 200 km’. Approximately 80% of this land is irrigated with intensive agricultural
agricultural practices taking place (GSD, 2008).

Figure 3-28 shows the designated Vulnerable Nitrate Zones and Sensitive Areas in Cyprus.
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Figure 3-28: 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
(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 3-29: 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 3-10).
In other words, the quality of groundwater bodies can be characterized as moderate to bad.

Table 3-10: Qualitative status of groundwater bodies

Saline High concentrations

Groundwater body intrusion and/or excess Condition
CY_1 Kokkinochoria YES Cl, SO4, NO3, NH,,EC BAD
CY_2 Aradippou Gypsum NO GOOD
CY_3 Kiti-Pervolia YES Cl, NO3, EC, Pesticides BAD
CY_4 Zigi-Softades YES Cl, SO4, NO3, EC BAD
CY_5 Maroni Gypsum NO Pesticides GOOD
CY_6 Mari-Calo Chorio & Chirokitia Sandstone NO As,NH,,Pesticides GOOD
CY_7 Germasogeia YES GOOD
CY_8 Limassol YES Cl, NO3 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
CY_13 Pegeia YES Pesticides GOOD
CY_14 Androlikou NO As GOOD
CY_15 Chrisochou-Gialia YES Cl, NOs, EC BAD
CY_16 Pyrgos YES Cl, NOs, NH, BAD
CY_17 Central and Western Mesaoria YES NH, GOOD
CY_18 Lefkara-Pachna NO As, NH, GOOD
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Saline High concentrations

. . Condition
intrusion and/or excess

Groundwater body

CY_19 Troodos NO | | GooD

Source: WDD, 2011a (Annex VII)

Taking into account the above, the exposure of the groundwater bodies in Cyprus to
deterioration of their quality is characterized as high to very high.

3.4.2.2 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.

3.4.2.2.1 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;

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.
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(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 are presented
in the following table.

Table 3-11: Protected water bodies used for drinking water abstraction

Category Water body code Protected area code
CY_I-3-9_23_L4-HM CY_PR-DRW_S-19
CY_9-6-9_27_L4-HM CY_PR-DRW_S-1

Surface water CY_8-9-5_30_L4-HM CY_PR-DRW_S-2
CY_8-7-4_31_L4-HM CY_PR-DRW_S-3
CY_8-7-2_32_L4-HM CY_PR-DRW_S-4
Cy_1 CY_PR-DRW_GW-7
Ccy_3 CY_PR-DRW_GW-8
CY_6 CY_PR-DRW_GW-6
cy_7 CY_PR-DRW_GW-9
CcY_9 CY_PR-DRW_GW-10
Cy_10 CY_PR-DRW_GW-11

Groundwater Cy_11 CY_PR-DRW_GW-12
Cy_13 CY_PR-DRW_GW-13
Cy_14 CY_PR-DRW_GW-14
Cy_15 CY_PR-DRW_GW-15
CY_16 CY_PR-DRW_GW-16
Cy_17 CY_PR-DRW_GW-17
Cy_19 CY_PR-DRW_GW-18

Source: WDD, 2011a — Annex |

For each of the protected areas presented in Table 3-11, 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
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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
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. The following table lists the
areas of the Natura 2000 network, which include habitats or species directly depending on
water (WDD, 2011a — Annex ).
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Table 3-12: List of Natura 2000 areas in Cyprus depending on water

Code of protected area NATURA 2000 code
CY_PR-NP-01 CY2000002 Scl
CY_PR-NP-04 CY2000005 Scl
CY_PR-NP-06 CY2000007 Scl
CY_PR-NP-07 CY3000005 SPA/SCI
CY_PR-NP-08 CY3000006 Scl
CY_PR-NP-10 CY4000002 Scl
CY_PR-NP-11 CY4000003 Scl
CY_PR-NP-12 CY4000005 Scl
CY_PR-NP-13 CY4000006 Scl
CY_PR-NP-15 CY4000008 Scl
CY_PR-NP-16 CY4000009 Scl
CY_PR-NP-17 CY4000011 SCI
CY_PR-NP-19 CY5000001 Scl
CY_PR-NP-20 CY5000004 SPA/SCI
CY_PR-NP-22 CY5000006 Scl
CY_PR-NP-23 CY6000002 SPA/SCI
CY_PR-NP-24 CY2000010 Scl
CY_PR-NP-25 CY2000011 Scl
CY_PR-NP-26 CY2000012 SCI
CY_PR-NP-27 CY3000007 SPA
CY_PR-NP-28 CY3000008 SPA
CY_PR-NP-29 CY4000001 SCl
CY_PR-NP-30 CY4000007 SPA/SCI
CY_PR-NP-31 CY4000018 SPA
CY_PR-NP-32 CY4000019 SPA
CY_PR-NP-33 CY4000020 SPA
CY_PR-NP-34 CY4000021 SPA
CY_PR-NP-35 CY4000023 SPA
CY_PR-NP-36 CY5000005 SPA/SCI
CY_PR-NP-37 CY5000008 SPA
CY_PR-NP-38 CY5000009 SPA
CY_PR-NP-39 CY5000010 SPA
CY_PR-NP-40 CY6000007 SPA
CY_PR-NP-41 CY6000008 SPA
CY_PR-NP-42 CY6000010 SPA
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Figure 3-30 depicts these Natura 2000 areas on the map of Cyprus.

LEGEND “@" vy

Water bodies

Coastal
Bl Lake

—— River

Natura 2000 network
SPA
SCI
SPA&SCI

okdiometers

Figure 3-30: Map of Natura 2000 areas in Cyprus depending on water

As it can be seen, a considerable number of river, lake and coastal bodies in Cyprus are
included in the Natura 2000 network.

3.4.2.2.2 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? per year over the medium
term (2015) and 85 Mm? for long-term (2025)(WDD, 2011a — Annex VII).

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. Existing sewage
treatment plants have been extended recently. The Limassol-Amathus sewage treatment
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work has been enlarged from a treatment capacity of 70,000 p.e. to 272,000 p.e. and is now
able to handle 40,000m® per day. Such upgrades correct the overload under which some
plants have been working for years and eventually improve effluent quality (WDD, 2011a —
Annex VII).

3.4.2.2.3 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
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 adaptive capacity of water quality to climate
changes is moderate for the case of surface waters and limited to moderate for
groundwaters.

6 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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3.4.3 Floods

3.4.3.1 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 3-31.

High
4,5%

Very high
0,5%

Moderate
22,0%

Figure 3-31: 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”. Consequently,
the sensitivity of Cyprus to floods is considered to be limited.

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 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 exposed 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.

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” (
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Table 3-13). 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-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).

Table 3-13: Areas with potential significant flood risk in Cyprus

Code River name Area Type of flood
CY-APSFRO1 Pedieos From Politiko to the Flash flood
municipality of Nicosia
CY-APSFRO2 Klimos Engomi Flash and urban
flood
CY-APSFRO3 | ' arapotamos Kokkinotrimithia Flash flood
Merika
CY-APSFRO4 Kalogeros strovolos, " ndustrial | bash flood
CY-APSEROS Merlka.s, trlbutarles Pahomgtgchg, Agioi Flash flood
Koutis, Katouris Trimithias
CY-APSFRO6 Almiros-Alikos Dali’s industrial zone Flash flood
CY-APSFRO7 Parallmlglk:;ver and Paralimni Flash flood
CY-APSFRO8 Yialias Nisou, Pera Chorio, Dali Flash flood
CY-APSFRO9 Ormidias Ormidia Flash flood
Archangelos
CY-APSFR10 Kamitsis and Aradippou-Livadia Flash flood
tributary
CY-APSFR11 Kamaron Kamares Larnakas Flash flood
CY-APSFR12 Koshinos Mesogi, Pafos, Chlorakas Flash flood
CY-APSFR13 Limnarka Pafos Flash and urban
flood
CY-APSFR14 Germasogia river Germasogia Flash flood
Vathias river, Mesa Geitonia, Agios Flash and urban
CY-APSFR15 Parapotamos Athanasios, Eastern
. . flood
Vathia Limassol
CY-APSFR16 Garillis Polemidia, Limassol Flash and urban
flood
CY-APSFR17 Argaki Marketou - Ipsonas Flash flood
Ipsonas
CY-APSFR18 Komitis Astromeritis Flash flood
CY-APSFR19 Argaki Vasilikou Pafos Flash and urban
flood
Tremithos Kiti-Perivolia Flash flood
Potamos Ammos Alambra Flash flood
- City of Larnaca Urban flood

Source: WDD, 2011d
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Figure 3-32: Areas with potential significant flood risk in Cyprus

Source: WDD (10)

As it can be seen from the map (Figure 3-32) the areas susceptible to floods are mainly the
urban centers. Thus, Cyprus exposure to floods is characterized as limited.

3.4.3.2 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, 2009).

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 floods is estimated as moderate.
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3.4.4 Droughts

3.4.4.1 Assessment of sensitivity and exposure

Cyprus with very limited water resources is vulnerable to droughts as it has developed most

of all its natural water resources, with most of its aquifers depleted, and no perennial rivers.

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 3-14, 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 3-14: Consecutive years with precipitation below normal (<503 mm) in Cyprus, 1969-2010

Hydrological Mean Difference from
s Remarks
year precipitation (mm) normal (mm)
1969/70 398,4 -104,6
1970/71 497,9 -5,1
5 consecutive years
Lt 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
5 consecutive years
I 448,3 47 Deficit: 271,6 mm
1984/85 497,9 -5,1
1985/86 435,0 -68,0
1988/89 480,5 -22,5
3 consecutive years
CLEEY 362,5 1405 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 3601 1429 4 consecutive years
’ - Deficit: 488,2 mm
2006/07 479,3 -23,7
2007/08 272,3 -230,7
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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 in water supply by
30 % to households and no water allocated for agricultural purposes), 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).

According to the categorization of hydrological years made by the Meteorological Service of
Cyprus based on the normal precipitation of the period 1961-90 (503mm), 29% of the years
during the period 1901-2010 are characterized as ‘severe drought’ (6%), ‘drought’ (12%) and
‘below normal’ (11%) (MSC).

The Standardized Precipitation Index (SPl), which provides a quantitative definition of
drought (McKee et al.,, 1993), was computed for the 12 month time scale (October —
September) for the period 1970/71 - 2010/2011. As can be seen in Figure 3-33, these past 40
years have been marked by three extreme drought years, with an SPI below -2 (1972/73,
1990/91, 2007/08). There were also three years of moderate droughts (1989/90, 1999/00,
2005/06 and 12 years of mild drought.

Fy

SPI

Hydrological years

SPI Value Characterization
0-(-0,99) Mild drought
(-1) - (-1,49) Moderate drought
(-1,5) - (-1,99)  Severe drought
<(-2) Extreme drought

Figure 3-33: Standard Precipitation Index for the government controlled area of Cyprus (1901/02-
2010/11)

Source: Bruggeman et al., 2011
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Taking into consideration the abovementioned indicators, it can be concluded that the
exposure of Cyprus to droughts is very high.

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.

No area was identified as being below the threshold limit signifying desertification while 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 3-34 presents the designation of the ESAs in Cyprus.
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Figure 3-34: Environmentally Sensitive Areas to Desertification

Source: .LA.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.

3.4.4.2 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 VIII).

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
management plans is to minimize the adverse impacts on the economy, social life and
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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 allowed 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. In Table 3-15 the actions against drought corresponding to
certain stand-by levels are presented.
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Table 3-15: Correspondence of Alert Level and Actions

Alert Level Actions

Notification of responsible operators.

Notification of users for increased consumption awareness.

Increase of water supply served from desalination plants.

Abstractions from large projects according to the storage capacity index.
Notification of responsible operators.

Notification of users for increased consumption awareness.

Increase of water supply served from desalination plants.

Moderate Status announcement and intensive public notification program.

Intensive controls for restrictions to uncontrollable abstractions and pumping, as
well as for wastage limitations.

Abstractions from large projects according to the storage capacity index.
Notification of responsible operators.

Notification of users for consumption reduction.

Increase of water supply served from desalination plants.

Status announcement and intensive public notification program.

Intensive controls for restrictions to uncontrollable abstractions and pumping, as

Mild

High N
well as for wastage limitations.
Abstractions from large projects, according to the storage capacity index, but not
more than those that correspond to the action “significant shortage”.
Monthly regime index calculation and measures received relevant to the upstream
abstractions, if this is necessary (index smaller than 5%).
Notification of responsible operators.
Notification of users for consumption reduction.
Maximization of desalination plants production, when excess quantities storage is
possible.
Status announcement and intensive public notification program.
ey Intensive contrc?ls fc?r r.est.rictions to uncontrollable abstractions and pumping, as
High well as for wasting limitations.

Abstractions from large projects, according to the storage capacity index, but not
more than those that correspond to the action “extreme shortage”.
Monthly regime index calculation and measures received relevant to the upstream
abstractions, if this is necessary (index smaller than 5%).
The environmental releases from dams will be limited to the absolutely necessary for
the river ecosystem protection and not for groundwater body recharge.

Source: WDD, 2011a — Annex VIII

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
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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 current adaptive capacity
to droughts is considered moderate.
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3.4.5 Assessment of overall vulnerability

The principal aim of this chapter is to identify the key vulnerabilities of water resources to
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 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 Degree of vulnerability Legend
& adaptive capacity

None 0 None V<0
Limited 1 Limited O<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<Vv<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 water sector in Cyprus are summarized in Table 3-16.
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Table 3-16: Overall vulnerability assessment of the water resources in Cyprus to climate changes

for domestic water Limited to
|
Water supply Moderate (2)
avatiabiliy for irrigation S
& Moderate (2)

of surface water Moderate to | Limited to

bodies High (4) | Moderate (2) | None (-02)
Water
quality of groundwater Limited to | Moderate to

bodies Moderate (2) High (4)

Moderate to .

Floods Moderate (3) High (4) Moderate (3) | Limited (0.5)
Droughts Limited to

Moderate (2)

As it can be seen from the table above, the current key vulnerabilities of water resources in
Cyprus related to climate changes, are the water availability for irrigation, droughts and
groundwater quality, as well as in a lesser degree the water availability for domestic water
supply while floods are considered of limited vulnerability. In specific, water availability for
irrigation consists a key vulnerability of the sector to climate changes since the available
water resources for irrigation are limited while water demand for agriculture is large and
inspite of the various measures undertaken mainly in government level, water demand for
irrigation is not 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 are being taken manage
only to avoid the worst effects but not to eliminate all 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 while their rehabilitation is
very slow. Water availability for domestic water supply is also substantially affected by
climate changes since freshwater resources most of the times were not sufficient for
satisfying demand for drinking water. However, 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.
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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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4.1 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. In addition, 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) (Figure 4-1).

Areas of Concern for Soil Degradation

Legend
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Figure 4-1: Areas of concern for soil degradation

Source: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.

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).

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 4-1).
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4.2 Baseline situation

4.2.1 Status of soil resources in Cyprus

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, respectively (Figure 4-2).
Furthermore, slope aspect of SW and SE trending cover nearly 45% of the island (Figure 4-3).

SLOPE MAP OF CYPRUS

Figure 4-2: Slope map of Cyprus

Source: National Action Plan for Combating the Desertification (I.A.CO Ltd, 2007)

ASPECT MAP OF CYPRUS
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Figure 4-3: Aspect map of Cyprus
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Source: National Action Plan for Combating the Desertification (I.A.CO Ltd, 2007)

The climate of Cyprus is semi-arid in general, and almost sub-humid around Troodos
Mountains (Figure 4-4).

Aridity Index Zones

Aridity Index = Precipitation / Potential Evapotranspiration

[ Mo data
| Hyper arid {=0.03) UMEP (1997 World atlas of desertification (2nd. edition).
= Arid J 0.03-0.2) United Mations Environmental Programme, Mairaki, Kenya,
Sami-ari (0.2 -0.5)
[ Drysub-humid  (0.5- 0.65) Cataadapted forfigure fromm:
[ sub-humid [0.65- 075 Trabucen, A, and Zorrer, R, 2009, Global Aridity Index (Global-Aridityd and
l:l Humid (0.75-1.25) Global Patential Evapo-Transpiration (GIDbaII—PET] Geospatial Databass,
B Very humid (1'25 2'5) CGIAR Cansortium for Spatil Infarmation.
anyhumi E2T Published online, available from the CGIAR-C3| GeoPortalat
B et (=2.5) hitt pf i osiegian.orgs

Figure 4-4: European Aridity Index map

Source: European Atlas of Soil Biodiversity (JRS European Comission, ies Institute for Environment and
Sustainability, 2010)

The geological background of the island of Cyprus (Figure 4-5) 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
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allocthonous formations. In between these lie the autochtonous sedimentary rocks
(Republic of Cyprus, Geological Survey Department; I.A.CO Ltd, 2007).
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Figure 4-5: Geological map of Cyprus

Source: Geological Survey Department
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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 4-1 and Figure 4-6.

Table 4-1 : 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.
Regosols Calcaric Uncosolidated material, having no diagnostic horizons other than an
& Eutric ochric A horizon.
Rendzinas Mollic horizon immediately overlying extremely calcareous material.
Gleyic ) L
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 ) . . . .
. 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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As shown from the table (Table 4-1) and figures (Figure 4-5 and Figure 4-6) above, the soil
characteristics vary across different regions of Cyprus (MANRE)™:

e valley and coastal areas

e western and central Mesaoria

e southeastern Mesaoria

e Troodos igneous massif

e Episkopi-Akrotiri-Garyllis-Yermasoyia
e Pissouri-Paramali Area

e Paphos

e Gypsum Kalavasos Aquifer Area

e Moni-Pareklishia Area and

e Minor or non Aquifer Areas

Some of the soil characteristics of these areas are presented next (MANRE).

e Valley and coastal areas”

Most of the whole coastal area is occupied by soils developed on alluvium. Alluvial soils in
the narrow valleys alongside the rivers are shallow to deep medium texture and overlie
loose gravels. Porosity and drainage conditions are therefore, excellent. Alluvial soils on the
coastal plain in the Kiti-Perivolia-Dromolaxia area are level to gently sloping, deep to very
deep medium textured (sandy loam to clay loam) with excellent porosity and drainage
conditions. Calcium carbonate content varies between 15-25%, pH is alkaline (8,0-8,5) and
organic matter content in the surface soil is low (1,5%). Alluvial soils in the coastal area of
Zygi-Maroni-Psematismenos are level to gently sloping, very deep, light grey brown and
rather heavy with clay loam to clay texture. Structure on the surface soil in moderately
developed granular to blocky becoming less pronounced below. Porosity and drainage
conditions are satisfactory. The calcium carbonate content is high ranging from 45-55%, pH
is alkaline and organic matter of the surface soil around 1,5%. Alluvial soils are interrupted in
places by red heavy soils developed on fanglomerate, as can be found in the Mazotos-
Maroni area.

Soils in the Chrysochou valley are usually level to gently sloping, medium textured overlying
loose igneous gravels at some depth. Porosity and drainage conditions are, therefore,
excellent. The calcium carbonate content is around 30 — 40%, pH is alkaline (8,0 — 8,5) and
organic matter of the surface soil low (1,0-1,5%). Most of the soils in the line from Polis to
Nea Dimmata are usually moderately sloping, very deep, medium textured and gravelly with
very good porosity and excellent drainage conditions. They do not contain calcium
carbonate, pH is around 7,5-8,0 and organic matter content is low (1,0-1,5%).

e Western and Central Mesaoria*

In the narrow valleys of Gialias, Pediaeos, Akaki and Peristerona, the rivers are bordered by
gently sloping alluvial soils. Close to the riverbank, these soils are shallow and gravelly

* Email communication with Mr Christos Hadjantonis from MANRE.
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overlying loose igneous gravels. Away from the riverbank, soils become deeper but always
overlying loose igneous gravels at some depth. These soils usually have medium to
moderately fine texture (sandy loam to clay loam) and porosity and drainage conditions are
excellent. The calcium carbonate content varies from 10-20%, pH is alkaline (8,0-5,5) and
organic matter, is low (1,5-2,0%). Such soils are characteristic of the Dhali-Potamia area,
Pano Deftera and Avlona-Katokopia.

The Akaki and Peristerona rivers are tributaries of the Serrachis river which is the main
contributor of sediments to the Morphou alluvial plain. Red fine textured A/B/Cca level to
gently sloping soils have formed over fanglomerate. Horizon A has a clay loam to clay
texture with a well-developed fine and medium blocky structure, friable consistency and
favourable porosity conditions. The calcium carbonate content is low varying from 0-5%, pH
is alkaline (7,8-8,3) and organic matter 1-2%. Horizon Bt is redder and heavier, with a clay
content of around 50%. Structure is moderately developed prismatic breaking to angular
blocky. The soil becomes sticky when wet and hard when dry. Porosity and drainage
conditions are less favorable compared to horizon A. The calcium carbonate content is
usually low but in some cases accumulated at depth to form a B(Ca) or C(Ca) horizon rich in
calcium carbonate. Red soils may overly soft, or hardened “havara” or even thin “kavkalla”
crust at a depth of 30-100cm as is the case in the Kokkinotrimithia-Palaiometocho-Akaki
area, or they may overly loose permeable of conglomerated impermeable gravels as in the
Peristerona-Astromeristiw-Katokopia area. On the “Nicosia” formation, rather shallow poor
very calcareous soils have formed with rather undulating topography. Such soils are usually
left uncultivated or used for rainfed agriculture, mainly cereals.

e Sounth Eastern Mesaoria (Kokkinochoria)®

Shallow to deep red developed A/Bt/Bca, level to gently sloping soils are predominantly
developed on the fanglomerate deposits of the area. Surface soil (horizon A) is friable and
usually has a clay loam t clay texture (35-45% clay), a well developed blocky structure and
satisfactory porosity and aeration conditions. The calcium carbonate content varies from 0-
3% and the organic matter content is low, not usually exceeding 1%.

Subsoil (horizon B) is redder and heavier than horizon A with clay texture (clay content 50-
60%) and a moderate prismatic structure breaking easily to angular blocky. Porosity
conditions are less favorable than in horizon A; the soil is sticky and plastic when wet, and
hard when dry. The organic matter content is even lower than that of horizon B, and the
calcium carbonate content usually varies from 0-3%. In some cases, however, calcium
carbonate accumulates in the lower part of the horizon forming a B(Ca) sub-horizon rich in
calcium carbonate.

Red soils in this area normally rest on very calcareous deposits (“havara”) hardened in many
occasions to form a thin lime crust called “kavkalla” especially when the soil is shallow. The
presence of “kavkalla” at some depth below the surface is supposed to inhibit the normal
drainage of excess water and salts to the deeper layers.

* Email communication with Mr Christos Hadjantonis from MANRE.
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e Troodos Igneous Massif*

The basic common characteristics of soils in the area are as follows:

-They are usually shallow, stony and eroded with steep and sharp slopes. In small alluvial-
colluvial valleys and in the lower areas, deeper soils with gentler slopes are encountered.

-They do not contain free calcium carbonate. The pH is usually neutral to slightly alkaline
(7,0-8,0).

-Soils are generally immature medium textured without any development of horizons. In the
forest areas where permanent vegetation exists organic matter accumulates in the top 10cm
of the soil reaching 3-4%. In areas with no permanent vegetation the organic matter content
of the surface soil is much lower.

-Soils have excellent porosity and aeration conditions and drainage excess water through the
pores is very fast.

-Due to steep slopes, most of these soils require leveling with the use of heavy machinery
before the can be used for agricultural purposes. Gabbro and lava rocks are soft and easily
weatherable giving a soil ready to accept plants, in a very short time after leveling.

e Episkopi-Akrotiri-Garyllis-Yermasoyia*

In parts of Zakaki-Trachoni, Asomatos-Ypsonas and Polemidia, red developed A/BtCCa soils
occur. These are fine textured soils throughout with generally strongly developed blocky or
prismatic structure. They are predominantly moderately deep to deep with calcium
carbonate contents ranging from 10-30%, usually overlying extremely calcareous rather soft
“havara” sediments (60-70% calcium carbonate). In some cases, however, especially where
“havara” is lying closer to the surface, a very hard thin lime horizontal crust has formed on
top of a hardened “havara” called “kavkalla”. This is said to be impermeable or partly
impermeable, inhibiting normal leaching of excess water and salts.

In considerable parts of Polemidia, Ypsonas and Episkopi, deep to very deep A/B/C soils
were formed on relatively older alluvial deposits. Profile development structure and color
are less pronounced in these soils, compared to red ones. Texture is usually fine (clay loam
to clay) and calcium carbonate content varies between 20-45% throughout profile.

In the narrow Yermasoyia and Erimni valleys, as well as in the broader Episkopi valley near
the river Kouris bank, recent alluvial soils predominate, overlying loose gravels at varying
depths and thus creating excellent drainage conditions. Soils are usually of medium texture
(Sandy loam, sandy clay loam to clay loam) with calcium carbonate content varying from 20-
40%.

Soils in the area have a rather low to moderate organic content at the surface, ranging from
1-2%. In the subsoil layers this is even lower. In the case of citrus orchards, the surface
organic matter below the canopy reaches 2,5%.

* Email communication with Mr Christos Hadjantonis from MANRE.
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e Pissouri-Paralimni Area*

Soils in the Paralimni-Avdimou and Pissouri small valleys are very deep, light greish brown,
and very calcareous (50-60% calcium carbonate content). Soil texture in Paralimni valley is
medium (sandy clay loam to clay loam) while in the Avdimou and Pissouri soils are heavier
(clay loam to clay).

Soil pH is alkaline (8.0-8.5) and organic matter is around 1.5-2.0%. Porosity and drainage
conditions are generally satisfactory. Soils on the “Nicosia” geological formation are shallow
to moderately deep and fine textured, overlying marly and sandy marly horizontal layers.
They are very calcareous (40-60% calcium carbonate) alkaline and have low organic matter
(1,0-1,5%).

e Paphos’

Soils in the coastal area from Kouklia to Paphos have developed on either alluvium or on
terrace deposits, and are normally deep to very deep fine textured with clay content in the
surface soil varying from 35-45% and in the subsoil from 45-55%. They are generally heavy
and compact A/B/C soils with rather poor structural development and in most cased do not
possess very favorable porosity and drainage conditions. When wet, soils become very
plastic and sticky and on drying they become very hard. Calcium carbonate content varies
from 10-30% and the pH is alkaline (8,0-8,5). Organic matter in the surface soil is around 1,5-
2,0% becoming lower in the subsoil.

Soils in the coastal area north to Paphos are more variable in depth and origin. They are
usually developed on old terrace deposits but also on more recent alluvium as in the Potima
area close to Mavrocolympos river. Soils may be shallow to deep, brown, reddish brown or
even red overlying “havara” or hard “kavkalla” or river gravels. Most of the soils in the area
maintain a clay loam to clay texture with a clay content varying from 35 to 45%, and a large
proportion of coarse material. They are rich in calcium carbonate which reaches 50-60% in
many cases. The pH is always alkaline (8,0-8,5) and organic matter is low (1,0-1,5%).

¢ Gypsum (Kalavasos) Aquifer Area*

Soils are predominantly shallow to moderately deep, extremely calcareous (60-70% calcium
carbonate) with slopes usually varying between 10 to 40%, overlying alternating layers of
gypsum and chalk. The presence of exposed rock outcrops is very common. Deeper gently to
moderately sloping soils are present in small colluvial valleys.

e Moni-Pareklishia Area*

Soils on lava rocks are usually shallow to moderately deep, medium textures, overlying the
parent rock, which is usually easily weatherable and penetrable by roots and water. Soils in
the small valleys are normally deeper and finer in texture. All soils in the area are free from
calcium carbonate, pH is around 7,5-8,0 and organic matter is low (1%).

* Email communication with Mr Christos Hadjantonis from MANRE.
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e Minor or non Aquifer Areas#*

Soils in the hilly areas are, in their great majority, shallow to moderately deep (30-60cm),
stony, medium to fine textured with slopes usually varying from 10-40%. They rest on
alternating layers of limestone, chalks, marls, chalky marls and other lithologies which
usually have vertical fractures which may be penetrated by roots and water. In the small
valleys in between the hills there are deeper soils with finer texture and smoother slopes. In
the lower areas, more extensive valleys are present, with very deep fine textured soils and
usually gentle slopes.

All soils in the area, except those on the “Mamonia” geological formation, are highly
calcareous (50-70% calcium carbonate content), and therefore whitish in color. The organic
matter content of the surface soil varies from 1,5-2,0% and the pH is alkaline throughout the
soil profile (8,0-8,5).

4.2.2 Pressures

Land degradation involves two interlocking, complex systems (World Meteorological
Organization, 2005): the natural ecosystem (climate, ecology) and the human social system
(society, culture, technology) which cause additional pressure on soil resources. 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 4-2):

Table 4-2 : List of factors contributing to land degradation

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)

Ecological aspects Geological instability (e.g. periodic seismic activity, geological erosion and
sediment loads)

Topographic difficulties (steepness, roughness)

Restricted soil fertility and susceptibility
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Categories Factors

Vulnerability of land resources

Climate change

Plant and animal diseases

Natural hazard deposition

Environmental pollution (e.g. waste and construction, pollution form
quarrying)
Deforestation

Other ecological aspects

Outmigration, manpower availability

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
Socio-cultural aspects

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

Economic aspects Restricted market access, economic isolation

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 4-2) in combination with 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.LA.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).
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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 Erosion of soils due to the abandonment of the rural areas and the overexploitation
of the left agricultural areas.

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

e land degradation of cities due to urbanization (Figure 4-7 and Figure 4-8).

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 many water drillings due to increased water need in the
centre and south of the island after the forced movement of people in 1974 (Turkish
invasion).

The above factors are used additionally, in order to assess the vulnerability of soil resources
due to climatic changes in a more integrated perspective.
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Figure 4-7: The natural susceptibility of soils to compaction

Source: European Soil Portal (JRC, 2012)
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4.3 Impactassessment

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 4-3).

Table 4-3 : Relationship between observed climate changes and impacts on the soil resources sector

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

Decreased rainfall
& increased
temperature

— 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).

Droughts

—  Flooding and water logging of soil.

Heavy and/or ) )
— Landslides (Paul & Kimble).

intense
precipitation — Flooded upland soils cause oxygen depletion or reducing conditions, which
events 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.

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

Sea level rise

— Increase of growth rates and water use efficiency of natural vegetation,

Increased
leading to increased night time respiration and shorter growth cycles which

! The table was made in order to present all the possible dimensions of the observed climate changes
in Cyprus. The reason for presenting impacts on soil resources from other regions of the
Mediterranean (similar to the climatic conditions of Cyprus) in this table is the lack of data regarding
certain features which have not yet been examined by the competent bodies of the island. In the
following chapters, we analyze the characteristics for which data are available.
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Observed climate Impacts on soil resources in temperate climates
change in Cyprus

atmospheric CO, 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).

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.

Changes in fire
regimes (increased
number of
wildfires)

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. For the purpose of this assessment, the impacts of climate change presented in

Table 3-1 are grouped in the following impact categories (Table 4-4) and assessed in the
sections that follow.

Table 4-4: List of selected impacts

Selected impacts Source

Indicator established by the Commission of the European Communities

1 | Soil erosion (by wind and/or rain water (Commission of the European Community , 2006)

Water retention capacity (reduction of

X . . R EEA, JRC, WHO, 2008
available soil moisture) of soils

Indicator established by the Commission of the European Communities
(Commission of the European Community , 2006)

Indicator established by the Commission of the European Communities
(Commission of the European Community , 2006)

5 | Loss of soil organic matter JRC & ies, 2010

Indicator established by the Commission of the European Communities
(Commission of the European Community , 2006)

Soil Contamination (heavy metals, | Indicator established by the Commission of the European Communities
nitrates, phosphates, al saturation) (Commission of the European Community , 2006)

Indicator established by the Commission of the European Communities
(Commission of the European Community , 2006)

9 | Desertification EEA, JRC, WHO, 2008

3 | Landslides

4 | Soil organic carbon content

6 | Soil biodiversity

8 | Soil salinization - Sodification
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4.3.1 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. Runoff is the most important direct driver of severe soil erosion by water and
therefore processes that influence runoff play an important role in any analysis of soil erosion
intensity (JRC, 2012). The natural rate of soil erosion can be accelerated by human activity.
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. The 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: The soil erosion in Cyprus is associated with the long periods of drought,

poor vegetation, the heavy rain, the geology and the topography of the island. Erosive effects
due to water rain are more frequent in the island (Figure 4-9), especially in plain areas. The
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.
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Figure 4-9: Water erosion of soils in Europe according to the GLASOD approach (Van Lynden, 1994)

Source: Soil Erosion Risk in Europe (Grimm et al., 2002)
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4.3.2 Water retention capacity (reduction of available soil moisture)
of soils

Soil moisture, defined as the amount of water present in the soil, enables soil to be a water
repository for the biodiversity of an area. The soil moisture characteristics are the field
capacity, the permanent wilting point (PWP) and the available water content. The amount of
water actually available for plants (water retention capacity) is the amount of water stored
in the soil at field capacity minus the water that will remain in the soil at the permanent
wilting point (FAO, 1985). The value of field capacity, which defines the values of water
retention capacity, varies from 7% in sandy soils to 40% in clay soils (Voudouris, 2007).

Soil moisture combined with the topography of the area and its soil properties, such as the
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). In addition,
soil moisture prevents flooding events and water retention capacity is responsible for the
growth of plants (EEA, JRC, WHO, 2008), while both water retention capacity and soil
moisture are responsible for the maintenance of the ratio of surface run-off over infiltration.
In general, maintaining or even enhancing the water retention capacity of soils can therefore
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 (see also Table 4-1). 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 impact of climate changes on water
retention capacity of soils, the following are considered necessary:
— Correlation with climatic conditions and clear distinction of the effect from
human activities
— Determination of the water retention capacity of soils in Cyprus
— Data records of long-term series

4.3.3 Landslides

A landslide is the gravitational movement of a mass of rock, earth or debris down a slope
(JRC, 2012). The basic parameter evaluated for the determination of the possibility of a soil
slippage is the slope stability. A landslide is induced when the shear stress on the slope
material exceeds the material’s shear strength (JRC, 2012). The causes of landslides include
all the factors which influence the terrain and the geo-environment, among which is climate.
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The following table (Table 4-5) presents the interrelations between the climate change

factors and the associated potential impacts on soil structure, for the case of Cyprus.

Table 4-5 : Potential slope stability responses to specific climate change factors in Cyprus

Climate change

Condition/process affected

Infiltration more likely to exceed
subsurface drainage rates. Rapid
build-up of perched water tables.

Slope stability response

Landslide triggering by reduction in effective normal
stress leading to reduction in shear strength. Increase
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.

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 . i

. Lower antecedent water status-more rain required to
conditions through K X
N trigger slides.

evapotranspiration.
Increased - -

Rapid snow melt-runoff and Build-up of porewater pressure and strength
temperature

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: The soil composition and the excessive slope in certain areas of the

Cyprus’ mountains create localized phenomena of soil slippage, especially near Paphos. The
increase of frequency of heavy rain and the increase of flood events may provoke soil
slippage events in these areas.

According to the records kept by the meteorological station of Nicosia (Pasiardes, 2009), an
increase of 37-49% has been observed in the intensity and quantity of precipitation for the
period 1970-2007 in comparison with the period 1930-1970 for a duration of precipitation
between 5 minutes and 6 hours, fact that could increase the risk of soil slippage.

In order to extract safe conclusions regarding the impact of climate changes on
landslides, the following are considered 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
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4.3.4 Soil organic carbon content

Soil organic carbon is a dynamic part of carbon cycle. It is one of the most important factors
for the physical structure and chemical conditions of soil, the soil’s water holding capacity
and the soil’s ability to form complexes with metal ions and supply nutrients (Milne, 2009).
Soil organic carbon (SOC) is produced during the process of synthesis of food by organisms
(EEA, JRC, WHO, 2008).

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 (Figure 4-13) and sequestrated in the surface

organic layer (Figure 4-11 and Figure 4-12). Nevertheless, this percentage of SOC is typical
for areas around the Mediterranean Sea (Figure 4-10). However, there is no data available
for the response of low level SOC to climate change for Cyprus.
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Figure 4-12: Spatial distribution of Organic Carbon Content in Soil Material
Source: Evaluation of BioSoil Demonstration Project
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Figure 4-13: Map of total carbon and soil organic carbon

Source: Geochemical Atlas of Cyprus
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In order to extract safe conclusions regarding the impact of climate changes on soil
organic carbon, 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

4.3.5 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 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%. Nevertheless, there is no scientific
information available for the loss of organic matter due to climate change for Cyprus.

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
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4.3.6 Soil biodiversity

The species and services of soil biodiversity are directly and indirectly affected by climate
change. However, the alteration of soil biodiversity patterns due to global climate change is
currently beyond scientific knowledge® (JRC & ies, 2010). Some of the main prevailing
theories are the following:

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). These physical parameters are responsible for some
of the main properties of soil biodiversity, but the response of the microflora to the
abovementioned changes has not yet been thoroughly examined. According to the
“European Atlas of Soil Biodiversity” (JRC & ies, 2010) and the “Impacts of Europe’s changing
climate, An indicator-based assessment” (EEA, JRC, WHO, 2008), there are clear links
between above-ground and below-ground species and diversity (Binkley & Christian, 1998;
Gonzalez & Seastedt, 2001; Hooper, et al., 2000). If the above-ground ecoregions are
migrating towards the poles and higher altitudes, then it is safe to assume that the below-
ground ecoregions will follow, and this clearly has the possibility of leading to some
biodiversity losses due to the inability of some biota to adjust in the new environment®. On
the contrary, according to (Panikov, 1999), the microflora is adapted to survive large
changes in both temperature of soil and water content, which are of greater magnitude than
the predicted increases in mean temperature or fluctuations of rainfall. Therefore the direct
effects are not expected to be very significant (Vallejo et al., 2005).

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. According to the “Impacts of Europe’s changing climate, An
indicator-based assessment” (EEA, JRC, WHO, 2008), the loss of key invertebrates in a low-
diversity ecosystem can contribute to significant changes in carbon cycle (Ayres, et al., 2008;
Barrett et al., 2008; Poage et al., 2008). On the contrary, according to to (Vallejo, Fierros, &
de la Rosa) and the results obtained by (Moscatelli, et al., 2001) in Mediterranean soils: the
microbial activity exposed to an atmosphere enriched in CO, leads to greater decomposition
activity and therefore to a decrease in the organic carbon content of soil. Nevertheless, the
effects appear to be short term as there are always taxa prepared to take over the function
of others negatively affected by the change especially in a rich and complex trophic web
(Setala & Huhta, 1990; Scheu & Wolters, 1991).

! 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).

2 Nevertheless, the observed displacement in above-ground species and diversity is lower than
expected based on calculations of existing data, and this is the reason why this is interpreted as an
inability of biota to quick adaptation. More specifically, with all other things being equal, an increase
in altitude of 100 m normally equates to a 0.5°C decrease in temperature. This means that the
warming that has occurred over the last few decades should have led to a shift in altitudinal ecozones
of about 8 to 10 m per decade (JRC & ies, 2010).
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Situation in Cyprus: Cyprus has a semi-arid environment and there is extensive sunshine for

almost 8 months/year. As a result, the soil moisture in Cyprus is low compared with other
climatic types (Figure 4-14) and soil biodiversity is expected to be poor, as only the most
resilient species survive in dry conditions (Figure 4-15). 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.
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Figure 4-14: Map of soil moisture regimes

Source: Natural Resources Conservation Service, United States Department of Agriculture, 1999
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Figure 4-15: Distribution maps of soil faunal groups of Europe

Source: European Atlas of soil biodiversity (JRC & ies, 2010).
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In order to extract safe conclusions regarding the 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

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

Some processes of chemical degradation of soils are related to climate change and
contribute to desertification. Soil contamination is the occurrence of pollutants above a
certain level affecting soil functions, and it can also be considered as the presence of man-
made chemicals or other alteration in the natural soil environment (JRC, 2012). This type of
contamination -always depending on the degree of industrialization and intensity of
chemical usage- typically arises from the rupture of underground storage tanks, the
application of pesticides, the percolation of contaminated surface water to subsurface
strata, the leaching of wastes from landfills or the direct discharge of industrial wastes to the
soil (JRC, 2012). Some of the most common types of soil contamination are analyzed next.

Chemical pollution (heavy metals)

The term “heavy metals” is the most widely recognized and used term for the large group of
elements with an atomic density greater than 6 g/m> (Alloway, 1990). In the event of heavy
metal accumulation in soil, i.e. in excess toward other soil properties, there appear signs of
phytoxicity or plants themselves, eventually adapted to such an environment, become toxic
to animals and man (Proceedings of the NATO Advanced Research Workshop on Soil
Chemical Pollution, 2007).

The factors controlling the total and bioavailable concentrations of heavy metals in soils are
of great importance with regard to both human toxicology and agricultural productivity.
Apart from the natural occurrence of heavy metals in soils —rarely at toxic levels, other
factors such as mining, manufacturing, or the use of synthetic products can result in heavy
metal contamination of urban and agricultural soils (USDA NRCS, 2000).

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

without posing a serious threat for more distant areas (.A.CO. Ltd, 2007). However, it must
be noted that Industrial activity in Cyprus is limited.

Critical loads for acidification
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Acid rain and some fertilizers are responsible for the acidification of soils with low calcium
carbonate levels. Continued acid deposition (highly related with climate change due to the
increased atmospheric CO, concentrations and the acid rain) leaches aluminum (Liu et al.,
2009) and magnesium from clay soils lowering the essential for survival of some plants and
animals level of pH.

Calcium carbonate soil-buffering capacity is related to soil origin. Soils weathered from rocks
high in calcium carbonate have high calcium carbonate buffer capacity.

Situation in Cyprus: Serious incidents of acid rain in Cyprus have not been recorded (I.A.CO

Ltd, 2007) since Cyprus is not an industrialized country. Furthermore, soil buffering capacity
to acidification in Cyprus is high, due to the high levels of calcium carbonate content of soils
(Table 4-8).

Critical loads for nutrients (nitrogen, phosphate)

Nutrients such as nitrogen and phosphorus are critical for controlling ecosystem carbon
balance (Schils, et al., 2008). The runoffs with nitrogen, phosphorus and biocides from
agricultural practices are responsible for phenomena such as nitrogen or phosphate
saturation. Excessive nitrogen and phosphate content in soils cause plant susceptibility to
different stresses, altered plant competition in areas where nitrophytic communities tend to
replace those adapted to low-nitrogen environments (Bobbink et al.,, 1998) and soil
eutrophication and acidification (Ochoa-Hueso & Manrique, 2010; Bobbink et al., 1998;
Cornelissen et al., 2007; Horswill et al., 2008; Nilsson et al., 2006; Stevens et al., 2009).
Availability of nitrogen in many European ecosystems is now significantly enhanced due to
atmospheric nitrogen deposition (Schils, et al., 2008). Areas exposed to critical loads of
nutrients, such as nitrogen and/or phosphorous, are more common where there is extensive
use of fertilizers, uncontrolled landfills or direct discharge of industrial wastes (JRC, 2012).
Nitrogen deposition has been estimated to account for approximately 10% of all carbon
captured in trees and soil in European forest systems due to the positive effect of tree
growth (De Vries et al., 2006; Schils et al., 2008). Unfortunately, the effect of Nitrogen
deposition, and nutrient availability in general, on soil organic matter turnover remains
largely overlooked by existing models. Assumptions that increased nitrogen availability will
reduce organic matter decomposition rates (Fog, 1988; Carreiro et al., 2000; Neff et al.,
2002; Hagedorn et al., 2003; Waldrop et al., 2004; Knorr et al., 2005; Schils, et al., 2008)
coexist with the contrary hypothesis (Kirschbaum, 1994; Schils, et al., 2008). This implies that
greatest effects of nitrogen on carbon storage may be expected in carbon-rich and nutrient-
poor systems due to both an increase in production and a decrease in the decay rate of an
enlarged recalcitrant organic matter pool. The effects are likely to be considerably smaller in
agriculturally managed systems, where nitrogen inputs are higher and where regular soil
tillage stimulates soil organic matter turnover (Schils et al., 2008). Some indirect effects of
climate drivers on nutrient availability are shown in the following table (Table 4-6).
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Table 4-6: Indirect effects of climate drivers on nutrient availability

Indirect effects of climate drivers Effects on nutrient availability
Experimental warming Changes in nitrogen availability increase the risk of soil
carbon loss.
Drought Drought has been shown to reduce uptake of phosphorus

and other nutrients by trees in the Mediterranean system
thus increasing Phosphorus limitation of growth (Sardans &
Penuelas, 2007; Sarrdans et al, 2008).

Extreme weather events Extreme weather events may also be responsible for
oscillations in annual net primary production observed
(Haddad et al., 2002).

Patterns across rainfall gradients Patterns across rainfall gradients indicate that
concentrations of extractable/exchangeable nutrients
generally decrease with precipitation with a widening of
Carbon:nutrient ratios (e.g. Austin & Vitousek, 1998). This
suggests an asynchrony of carbon and nutrient dynamics
driven by different sensitivity of photosynthesis and
decomposition to temperature and water availability but
also the effect of rainfall and temperature on other abiotic
and biotic processes specific to individual elements.

Source: Review of existing information on the interrelations between soil and climate change (Schils

et al., 2008).

Situation in Cyprus: 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).

4.3.8 Soil Salinization - Sodification

Salinization is the excessive increase of water-soluble salts (Na*, K*, Ca**, Mg** - CI', SO.7,
CO5”, HCOy) in soil (Varallyay, 2006), which are more soluble than gypsum ( Vallejo et al.,
2005). Natural soil salinization or primary soil salinization is formed under long-term
influence of various natural processes', while man-made soil salinization or secondary
salinization is the result of salt accumulation in the soil profile caused by extra water input
from human activities such as irrigation2 (Yu et al., 2010; Szabolcs, 1989).

Sodification is the excessive accumulation of sodium (Na®) in solid (crystallized Na,CO,
and/or NaCCO; 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).

"IWhen the water balance of soil does not produce water surpluses, water logging is caused and the
salts tend to accumulate on the top soil, osmotically affecting water absorption by the plant
producing toxicity ( Vallejo et al., 2005)

2 Irrigation of soils with a high salt content can deteriorate the phenomenon if there is not
appropriate drainage, because salts are brought to the surface by the capillary action and the
increased growth of the irrigated crop (Vallejo et al., 2005)
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Soil salinization is mainly an arid zone problem leading to land desertification. It reduces soil
quality, limits the growing of crops, constrains agricultural productivity and, in severe cases,
leads to the abandonment of agricultural soils (Martinez-Sanchez et al., 2010). Such
conditions can be exacerbated by 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).

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. The temperature rise, 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.

4.3.9 Desertification

Desertification is an irreversible process (Mainguet, 1994) caused by several interdependent
parameters and triggered by the combination of the natural predisposition of the
environment with human pressure and climate change (Adamo & Crews-Meyer, 2006;
UNCED, 1992; Santini, et al., 2009). Numerous soil factors cause desertification including
intensive and continuous erosion, reduction of nutrients, acidification, reduction of water
holding capacity, salinization and lack of water (I.A.CO Ltd, 2007), reduction in the organic
content of the soil due to a lower permanent biomass and decreased production of litter,
fragile soil structure due to decreased organic matter, lower permeability, water intake and
storage, soil surface crusting by raindrop, lower biological activity from micro-, meso- and
macroflora and fauna, and particularly symbionts and reduced soil productivity (Le Houerou,
1995). In addition, climate change may exacerbate desertification through alteration of
spatial and temporal patterns in temperature, rainfall, solar radiation and winds (WMO,
2005).

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: The factors contributing to desertification in Cyprus -as identified in the

study conducted by I.LA.CO. (l.LA.CO Ltd, 2007)- are climate, topography, geology, soil
composition, hydrology and human factors such as urban development and reduction of
rural population.

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.
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4.4 Vulnerability assessment

In this section, the 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. In particular, sensitivity is defined as the degree to which
soils are affected by climate changes, exposure is the degree to which soils are 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.

The indicators used for the assessment of sensitivity, exposure and adaptive capacity of
Cyprus soils to climate change impacts are summarized in Table 4-7.

Table 4-7: Indicators used for the vulnerability assessment of climate change impacts on the soil
resources of Cyprus

Vulr.merab|l|ty Selected indicators
Variable

Soil erosion (by wind and/or rain water)

For wind erosion
Soil composition
Wind velocity
Long dry periods associated with regular strong seasonal winds
Sparse vegetation
For water rain erosion
— Soil composition
— Sparse vegetation cover
— Intensity of rain
— Surface and subsurface runoff*
— River flooding
— Areas of sparse vegetation
— Areas of soil surface roughness
— Areas with erodible soils
— Areas of limited soil fertility
— Land uses (maps)
— Areas where slopes have slope greater than 12%
— 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.)

Sensitivity

Exposure

Adaptive
capacity
[

Landslides
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S — Slope stability*

= —  Soil composition

c . . . .

g — Increase in rainfall intensity

Q

£

2

e — Areas of recorded soil slippage events
i

Adaptive
capacity

Technical structures

Terracing (with grants from the E.U.)

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

Soil contamination

=
Ié — Acidification of soils
'g — Nitrogen and phosphorus content of soils
(7]
— Surface percentage of areas of calcic soils (for the acidification of
g soils)
é — Areas of uncontrolled landfills
= — Areas with wastes from husbandry

Areas with irrigated agriculture

Adaptive
capacity

Nitrate Directive

Good Agricultural Practices
Enforcement of the European legislation
Water Pollution Law

Soil salinization-sodification

= — Soil composition

'S S . .

= — Treated irrigation water with high percentage of salts
e — Saline water from aquifer boreholes for irrigation
[}

n — Frequency of drought periods

Q .. .

= — Areas of salinized soils

é — Crop areas using inferior quality water

x

wl

Adaptive
capacity

Enforcement of Water Framework Directive
Salt Infiltration capacity of rain

Desertification

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
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— 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

Exposure

— Surface percentage of vegetation cover

— Measures for combating desertification applied on the agricultural
sector, the forest sector, the animal husbandry sector, the water
resources sector, the coastal areas, the societal and economic sector

— Measures for the elimination of SO, NO,, VOCs and NH, emissions.

Adaptive
capacity

* 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 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 vulnerability of the impacts “Water retention capacity (reduction of available soil
moisture) of soils”, “Loss of soil organic matter”, “Soil organic carbon content” and “Soil
biodiversity” also presented in Section 4.3, was not assessed for the case of Cyprus due to
lack of sufficient research data.

The vulnerability of soils 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.
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4.4.1 Soil Erosion (by wind and/or rain water)

4.4.1.1 Assessment of sensitivity and exposure

Sensitivity

Wind erosion is increased by wind speed and reduced by soil surface roughness. Erosion by
wind (movement of very small particles on the surface) occurs when wind speed exceeds
4,5m/s. In Cyprus, a statistical analysis on winds indicates that at coastal areas the mean
annual wind velocity at 10m 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.A.CO Ltd, 2007). As a result wind erosion in Cyprus is a rare and very
slow procedure.

The soil erosion due to rain water in Cyprus is intensive in plains, mostly due to the soil
composition and the sparse vegetation cover (Figure 4-16 and Figure 4-17,). As a result, a
change in the intensity and pattern of precipitation can affect these areas significantly.

Considering the above, the sensitivity of soil erosion (especially rain water erosion) in Cyprus
can be characterized moderate to high.

Exposure

Wind erosion is not very common in Cyprus, but can be severe in areas with low vegetation
cover (.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 10% and 22% of the island respectively). Nevertheless, the soils of
mountain areas in Cyprus are not prone to wind erosion due to the vegetation cover, as
someone may see from Figure 4-16and Figure 4-17.
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Rain water erosion has 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 impacts on reduced soil fertility of the area, especially in areas where
soils are shallow (Figure 4-17) or have subsurface of low fertility.

Overall, the large soil surface exposed to soil erosion is mainly lowland (flat areas) (Figure
4-17) and as a result the characterization can be high.

MAP OF VEGETATION COVER

Vegetation cover

1.0
HIGH
Low 1.8
VERY LOW 2.0

Lacortd 40 km

Envianmentl and watsyConslant

Figure 4-16: Map of vegetation cover

Source: |.A.CO Ltd, 2007
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MAP WITH THE SCALE OF SOIL PROTECTION FROM EROSION

Legend

WERY HIGH o
HIGH 13
Low 18
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Figure 4-17: Map with the scale of soil protection from erosion

oo L 40 km

Enrianmental and WaterConsulants

Source: .LA.CO Ltd, 2007

4.4.1.2 Assessment of adaptive capacity

The resilience of soils against wind and rain water erosion is intrinsically not very high due to
the great surface cover of the island with erodible soils (Figure 4-17) and the disproportion
between dense vegetation cover of mountains and low vegetation cover of plains (the
percentage of land covered by forests is 16.7%, crops 47,82% and permanent crops only
3,9%)(Figure 4-18, Figure 4-19).
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|
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Figure 4-18: Cyprus Corine Land Cover (EEA, 2006)
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Figure 4-19: Natural vegetation of Cyprus
Source: .LA.CO Ltd, 2007

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

Chapter 4: Soil Resources Page 4-42



( y Impact, vulnerability and adaptation assessment for the case of Cyprus

i) The Good Agricultural and Environmental Conditions, which are a group of measures

setting minimum requirements for reducing run-off and soil erosion, are listed below:

— Minimum soil cover: There should be a natural / plant vegetation for the cover of
land with a slope greater than 10% during the period of rainfalls.

— Minimum land management reflecting site-specific conditions: In a land with a slope
greater than 10%, contour plowing must be exercised. Soil cultivating during periods
of heavy rain should be avoided, especially in clay and heavy soils.

— Terracing: Terraces / stone walls and natural slopes at the boundaries of the crop
holdings should be maintained in a condition to prevent erosion. The construction of
terraces is also financially supported by the Rural Development Programme.

These requirements are obligatory for those farmers receiving direct payments from the
Rural Development Programme.

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

increasing vegetation cover and reducing run-off, especially in mountain areas. The related
measures of the RDP are:

— Measure 2.1: "Compensatory Allowances in Less Favoured Areas". Eligible activities
under this measure are the exploitation of agricultural or fallow land mainly in
mountain areas with permanent, semi-permanent or perennial crops and prevent
land abandonment.

— Submeasure 2.3.6: "Agri-environmental commitments in traditional plantations of
trees and shrubs, with emphasis on less favored areas ". The scheme aims to reduce
pollution of groundwater and soil from the use of chemical fertilizers, to protect
biodiversity and preserve traditional landscape, by simultaneously contributing to
soil protection from erosion and to retain the population in mountainous areas. The
eligible action foreseen under this scheme is the mechanical destruction of weeds
instead of the use of chemical means.

— Submeasure 2.4.3: "Afforestation of non agricultural land". The exploitation of non
agricultural land with tree planting is expected to reduce environmental degradation
and to enhance biodiversity.

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. The
Department of Forests has elaborated and continuously upgrades an extensive programme

of fire protection measures. However, fire protection measures have not been enforced for
private forest-covered lands, which cover 23,12% of the island. Following, such organized
activities that take place in Cyprus are presented.

— The National Programme of Forests foresees the expansion of forest cover through
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afforestation of hali and other abandoned private land and the reforestation of
burnt areas.

— The Rural Development Programme provides incentives for the afforestation of
agricultural and non-agricultural lands (Submeasures 2.4.1 & 2.4.3).

v) Control grazing is another measure for preventing soil erosion and thus run-off. In Cyprus,
the Forests Law prohibits grazing in the forests since 1913, while the Goats Law of 1988
determined the maximum number of animals, especially goats, which is permitted to graze
in order to prevent overgrazing and identified the areas where grazing is allowed. However,
this Law is not applied in most cases, as there is no sufficient control.

vi) The application of Advanced Irrigation Systems reduce run-off and increase soil moisture,

as irrigation is applied in such a way that the soil can better absorb water without losses. A
Water Use Improvement Project has been implemented in Cyprus by the Department of
Agriculture since 1965.

vii) Measures undertaken for the protection of the coastal areas from erosion are the

construction of hard defense structures and beach nourishment (for further information see
Section X: Coastal zones).

viii) The preservation of animal and plant species of an area constitutes protection for soil
too. The network of the protected areas Natura 2000 in Cyprus is given in Figure 4-20.

450000 500000 540000 o0

KYMPIAKH AHMOKPATIA
MNEPIOXEZ NPOZTAZIAZ TOY AIKTYOY "®YZH 2000"
NOY EXOYN EFKPIOEI ANO THN EYPQMAIKH ENITPONH

KAIMAKA 1 : 600000
0 10 20 30 XA
e ————

T

Figure 4-20: “Natura 2000” Network for Cyprus
Source: MANRE

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

Chapter 4: Soil Resources Page 4-44



( y Impact, vulnerability and adaptation assessment for the case of Cyprus

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. Raising awareness is essential
in order for the farmers to be aware of how and why sustainable agricultural practices are
applied. Relative measures foreseen in the Rural Development Programme are:

— Measure 1.1 "Vocational training and information, including dissemination of scientific

knowledge and innovative practices for persons engaged in agriculture, food and

forestry" . Through the actions of this measure, the opportunity is provided to
farmers to be trained on issues such as the integrated and sustainable management of
natural resources, the application of production practices compatible with conservation
and enhancement of landscape and the environmental protection and proper
implementation of agri-environmental measures.

— Measure 1.4 " Use of Farm Advisory Service (FAS) ". The Farm Advisory System (FAS) is a
system for advising farmers on land and farm management. Farmers are encouraged to

take part with a facility to claim for financial assistance to use the provided service.
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. As a result,
the adaptive capacity of soils to erosion in Cyprus is characterized as limited to moderate.

4.4.2 Landslides

Although data records of long-term series are necessary for the evaluation of the impact of
“Landslides” for Cyprus (a series of 30-40 years data set is currently available), an attempt
was made to present the current susceptibility of Cyprus to landslides and its probable
vulnerability of landslides to climate.

4.4.2.1 Assessment of sensitivity and exposure

Sensitivity

Soil composition, tectonics and topography are factors which increase susceptibility to soil
slippage. In addition, climate change increases the likelihood for land displacements.

Cyprus is well-known for its interesting and often complex geology, particularly in the south-
west part of the island. In specific, in some parts of the Paphos District, landslides cover a
large percentage of the landscape, including many types of landslide in a relatively small
area (such as deep-seated rotational landslides, through translational block movement and
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topples, to shallow mudflows). 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 heavily deformed and are rich in the types of clay minerals that are prone to
landsliding. This tendency is exacerbated by the steep terrain and the long history of
powerful earthquakes in the region (British Geological Survey).

In addition, certain meteorological records in the area indicate increase in the intensity and
qguantity of precipitation, which could be relevant for more landslides. More specifically,
records from the meteorological station of Nicosia show a 37-49% increase in the intensity
and quantity of precipitation for the period 1970-2007 in comparison with the period 1930-
1970 for a duration of precipitation between 5 minutes and 6 hours (Pasiardes, 2009).

Considering the above, the sensitivity of Cyprus to landslides can be characterised as
moderate, especially for the mountain areas.

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). In
the following, some of the types of landslides in Cyprus are presented (Research and
Development Center — Intecollege Unit of Environmental Studies, 2004) :

1) Relatively large and active slope failures and landslides occur in the western part of
the island (Paphos District), where rocks of the Mamonia Complex and the
Kannaviou Formation are exposed. Characteristic examples of landslides are
observed in the villages of Mamonia, Kannaviou, Statos, Pentalia, Kritou Marottou
and Anadiou.

2) In the southern part of the island (Limassol District), landslides relate to the Lower
Marls of the Lefkara Formation as well as the Moni Formation (bentonite). Examples
can be seen in the areas of the villages of Kilani, Silikou, Doros, Korfi, Triklini as well
as Moni and Pentakomo.

3) In the northwest part, landslides can be observed along the roads from Morphou to
Skylloura and from Myrtou to Panagra.

4) Rock falls are observed mainly in the mountainous areas of Cyprus and in natural
and manmade slopes. Examples of rock falls have been observed in Lemithou,
Akrounta, Pelentri, Prodromos and along the road from Nicosia to Kyrenia.
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5)

6)

In Cyprus, sinkholes are formed in lithological units that contain either gypsum or
limestone and they are the products of the dissolution of these two lithologies by
water, Sinkholes in gypsum occur all over the island, in particular in the areas of
Pissouri, Maroni, Aradippou, Kathikas, Kalavassos, Nisou, Pergamos and between
Lefka and Galinoporni. The sinkholes are rather small in size, may have an irregular
shape and constitute foundation “traps”. When their roof collapses due to weight of
the civil structure on top, sinkholes may cause subsidence problems.

The long mining history of Cyprus has resulted in extensive waste dumps in many
areas such as Kalavassos in the south, Limni in the worthwest, Mitsero and Mathiatis
in central Cyprus and Troulli in the east. Thus, under certain conditions the slopes of
these dumps may develop landslide phenomena.

In addition, another study for the evaluation of landslide risk in Europe (Figure 4-21) 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
(Figure 4-21).

Figure 4-21: Classified landslide susceptibility map of Europe
Source: Van Den Eeckhaut et al., 2010

Consequently the exposure to landslides can be characterized as limited to moderate.

4.4.2.2 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,

Chapter 4: Soil Resources Page 4-47



( y Impact, vulnerability and adaptation assessment for the case of Cyprus

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.

Consequently the adaptive capacity of landslides to climate changes 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.

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

4.4.3.1 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 4-8). The calcic soils, due to their high concentrations of calcium carbonate
(including limestone and dolomite), are more resistant to acid rain .

Table 4-8: The calcium carbonate content of soils in Cyprus

Areas of Cyprus Calcium carbonate content of soils

Valley and coastal areas 45-55%

! 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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Areas of Cyprus Calcium carbonate content of soils
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.

Furthermore, the European Environment Agency recently released the report “Exposure of
ecosystems to acidification, eutrophication and ozone (CSI 005)” which was published in
2012. According to the report, the percentage of natural ecosystem area at risk of
acidification and eutrophication reveals the extent of the problems for certain countries. 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
countries with the lowest percentage of ecosystem area at risk of acidification and
eutrophication as shown in Table 4-9, Figure 4-22 and Figure 4-23.
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Table 4-9: 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
(kml) (% at risk)} (% at risk} (% at risk)| (% at risk) (kmzl (% at risk)| (% at risk)| (% at risk)| (% at risk)
Albania 16 954 100 EE] 99 43 16 954 0 0 0 Q
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 5]
Belgium 6 250 100 EE 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 3 584 100 100 100 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 273634 3 2 2 0
France 180 089 98 95 91 41 177 359 12 8 6 1
United Kingdom 97 244 26 19 17 g 81 815 39 19 15 7
Greece 53 671 98 97 97 60 53671 3 1 1 0
Croatia 31 698 100 100 99 81 31 698 5 3 3 4]
Hungary 20805 100 100 100 56 20 805 26 8 7 0
Ireland 2 449 88 81 77 73 8 935 23 8 6 2
Iceland 6122 0 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 0
Netherlands 4 447 94 88 88 76 6 968 76 71 71 60
Norway 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
Portugal 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 9 2
Slovenia 10 996 98 92 82 0 10 996 7 0 0 Q0
Slovakia 20 532 100 100 100 83 20532 18 9 8 [¢]
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 4-22: 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 4-23. 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 4-23: 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 4-24: Exceedance of critical loads for nutrient nitrogen in 2000

Source: LRTAP/IWF, 2011
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Figure 4-25: Exceedance of critical loads for acidity in 2000

Source: LRTAP/IWF, 2011

Considering the above, the exposure of this factor can be characterized moderate.

4.4.3.2 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
relevant for the protection of water and ground form pollution legislation “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).

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.
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The protection of waters and soil, under the above laws guaranteed 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
requires several years to take place while there are several techniques which are applied for
the decontamination of soils. Consequently, the adaptive capacity to soil contamination in
Cyprus is considered to be moderate.

4.4.4 Soil Salinization - Sodification
4.4.4.1 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), which is a subcategory of the salinized soils®. 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 Cyprus can be
characterized moderate to high.

Exposure

Cyprus has moderate exposure to soil salinization and the soils of the affected areas on the
eastern part of the island are saline more than 50%, as shown in the following map (Figure
4-26). Certain areas of Larnaca are affected by the use of treated waste water with high salt
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).

! salinized soils are classified as: saline (EC >4, ESP <15), saline-alkaline (EC >4, ESP>15) and
alkaline/sodic (EC <4, ESP >15) (Majerus, 1996).
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Saline and Sodic Soils
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Figure 4-26: Saline and sodic soils in European Union

Source: JRC, 2012

Saline soils in Cyprus are located mainly in the eastern part of the island, mainly due to the
irrigation of crops with water from salinized aquifers. 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 (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 (Figure

4-27). It must also be noted that a potential sea-level rise would increase the amount of

seawater intruded into freshwater aquifers.

M No salinization
Salinization

20 Kilometsrs

Figure 4-27: Salinization in the groundwater bodies of Cyprus

Source: WDD, 2008
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4.4.4.2 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
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. Considering
the above, the adaptive capacity of soil resources in Cyprus is limited to moderate.

4.4.5 Desertification
4.4.5.1 Assessment of sensitivity and exposure

Sensitivity

Certain physical characteristics of the island such as the typical semi-arid climate of the
island, the eroded plains and the poor and erodible soils (Figure 4-28 and Figure 4-31) 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 4-29).
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Geographical distribution of soil quality on desertification
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Figure 4-28: 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.

Climate change in Cyprus with the estimated 15% reduction of rainfall since 1970 and the
more frequent presence of consecutive years of droughts have deteriorated the
phenomenon of desertification.

Considering the above, the sensitivity of Cyprus 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 4-29)
and are less affected by desertification. The most sensitive areas seem to be the plains,
which are mostly covered by seasonal crops.

Chapter 4: Soil Resources Page 4-57



(-‘y Impact, vulnerability and adaptation assessment for the case of Cyprus

GEOGRAPHICAL DISTRIBUTION
OF VEGETATION QUALITY
ON DESERTIFICATION

Figure 4-29: 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 (Figure
4-8) and soil compaction (Figure 4-7), and the abandoned rural areas due to the economic
growth and development of the urban and coastal areas are more prone to desertification
(Figure 4-30).

GEOGRAPHICAL DISTRIBUTION OF QUALITY
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Figure 4-30: Geographical distribution of quality management and anthropogenic pressures on
desertification

Source: |.A.CO Ltd, 2007
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As shown in Figure 4-31 and Figure 4-32, desertification is characterised by high sensitivity. A
surface area of 57% is characterized as “Critical”, 42,3% as “Fragile” and only 0.7% as
“Potential” to desertification (I.LA.CO Ltd, 2007). As a result, the exposure can be
characterized as very high.

Geographical distribution of the Environmentally
Sensitive Areas to Desertification

SENSITIVITY INDICES
TO DESERTIFICATION

NO AFFECTED N 10197

POTENTIAL P 1147122

FRAGLE Fy 123.126
FRAGRE 2 127. 132!
FRAGLE F3) 133.137°

CRTCAL 1 138141

CHRITCAL 2| 142-15)

it aco il 4 CRNCAL *1.53

N R e

Figure 4-31: Geographical distribution of the Environmentally Sensitive Areas to Desertification

Source: .LA.CO Ltd, 2007
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Figure 4-32: Map of global desertification vulnerability

Source: NRCS, 1998
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4.4.5.2 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 (Figure 4-28)
while vegetation cover is restricted to the mountain areas (Figure 4-29). 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 (see Table 4-10) ranging from legislation, to
government works and private initiatives for the reduction of the escalation of the
phenomenon. However, the phenomenon of desertification cannot be easily addressed in
semi-arid climate types similar to Cyprus. For these reasons, the adaptive capacity is
characterized as limited to moderate.
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Measures per
sector

Measures for
desertification

Table 4-10: Sectoral measures for the reduction of desertification in Cyprus

Existing measures

Institutional measures:

1. Enforcement of the United Nations Convention to Combat Desertification with the law 23(l11)/99.
2. Enforcement of the Directive 2006/12/EC and 91/156/EC with the law 215(1)/2002.

3. 106(1)/2002 about the control of the water and soil pollution

Measures for the
agricultural
sector

Technical measures:

1. Implementation of the Rural Development Program (RDP) (maintenance of terracing, reforestation, BATs etc.)

2. Incentives and encouragement for improved irrigation systems in the mountainous and semi-mountainous areas
3. Control on licensing new wells and control of abstraction

4. Control of the quality of irrigation water at the coastal and marginal Aquifers

5. Control of salinity of treated effluent used for irrigation

Institutional measures:
1. Institutional measures and exploitation of various policies and grants from the EU.

Confronting soil erosion
1. Confronting erosion and protection of soils with vegetative cover, terracing and contour tilling. Control of grazing in non agricultural lands

Confronting drought and conservation of soil water
1. Selection of less water demanding cropping patterns and resilient to drought periods

Measures for the reduction of losses and increase of soil water stored:
1. Continuation of encouragement for Improved Irrigation Systems

Measures for the
forests sector

1. Expansion of State and private forests, refrain from undue use of wood and grazing, protection from fires and change of land use
2. Exploitation of RDP measures that promotes actions for the protection of forests from fires and reforestation of burnt areas

3. Increased measures, control and informing of farmers in regards to fire incidents caused by agricultural activities

4. Increased informing of forest visitors for the prevention of fires

Land clearing (uprooting) of forest land for agricultural use:
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Measures per
sector

Existing measures

1. Increase protection of existing forests but also their extension through forestation in suitable areas (barren, burnt, abandoned, degraded lands). This falls
under the National Forest Program and the new forest policy.

Over- grazing for animal husbandry:
1. Exercise of control on grazing permits in forest-covered lands on the basis of evaluations (result of special studies) in regard to the carrying capacity of each
area and the degree of threat for desertification.

Uncontrolled exploitation of Forests:
1. Accomplishment of quantitative increase and qualitative improvement of the wood reserve in the forests and other forest covered lands by systematic
reforestation of burnt areas or reforestation of barren and degraded areas.

Protection from illegal change of use:
1. Institutionalize ways and methods so that any change of land use in privately owned forest-covered lands is made only after an environmental impact
assessment, particularly in relation to combating desertification.

Confronting forest fires:
1. Continuous informing and sensitization of the public, farmers, visitors and hunters for the control of fires that are caused out of negligence

Protection from damaging grazing:
1. Goats Law.

Management and exploitation of forests:
. Ensuring of the minimum disturbance to the environment by the methods and machinery for wood cutting and transport.
. Effective planning, construction and maintenance of the road network in forest areas.

Protection of
fauna

. Systematic collection of population levels of species and classification as per the red register of IUCN.

. Law 152(1)/2003 on the protection of wild birds and “controlled game”.

. Law 153(1)/2003 on the protection and management of nature and wildlife

. Law 17(111)/2001 on the Conservation of Migratory Species of Wild Fauna (Bonn Convention).

. Law 20/1974 on the ratification of the Convention on the International Trade in Endangered Species (CITES)

. Law 24/1988 on the protection of wildlife and natural habitats (Bern Convention).

. Law 8 (lll) / 2001 on the ratification the Ramsar Convention for the protection of internationally important wetlands
. Law 4(111)/1996 on the ratification of the Convention on Biological Diversity (1992).
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Measures per
sector

(1992).Measures
for the animal
husbandry sector

Existing measures

1. Goats Law
2. Control with more severe fines on illegal grazing.

Technical measures
1. Implementation of measures put forward in the Rural Development Program regarding infrastructure for animal husbandry.

Measures for the
water resources
sector

1. Water Framework Directive (WFD).

For the quantity of water resources

1. Protection and replenishment of aquifers (development of strategic reserves).

2. Control of over abstraction of groundwater (reduction of pressure on coastal aquifers).
3. Desalination.

4. Reuse of treated effluent

For the quality of water resources

1. Control of over abstraction and sea intrusion.

2. Protection of water from pollution from agricultural practices (pesticides, fertilizers).
3. Protection from urban effluent and uncontrolled disposal sites.

4. Protection from animal husbandry and industrial wastes.

Institutional measures

1. Water Framework Directive

. 13(1)/2004 about the protection and management of water.

. 34/2002 about the nitrogen pollution of waters (based on the European Directive 91/676/EEC).
. 42/2004 about the control of nitrogen polluted waters.

. 41/2004 about the control of water pollution.

. 517/2002 about the control of water pollution.

. 407/2002 Good Agricultural Practices.

. 56(1)/2003 about waste management.

O 00 N O U1 B W N

. 1/1971 about sewerage systems.
10. 108(1)/2004 about sewerage systems.
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Measures per
sector

Existing measures

11. 772/2003 about urban wastewater.

12. 254/2003 about the nitrogen pollution of waterbodies.

13. 106(1)/2002 about the control of the water and soil pollution.
14. 45/1996 about the control of the water and soil pollution.

Measures for irrigation
1. Design of improved irrigation systems.

Measures for the domestic and industrial use of water

1. Information campaigns for the reuse of “grey water”.

2. Information campaigns for borehole drilling in marginal aquifers in urban areas for gardening purposes.
3. Information campaigns for water conservation and water awareness.

Measures for aridity and drought
1. Use of improved irrigation systems

Measures for the
coastal areas

1. Town Planning policy.

Socio-economic
measures for
combating
desertification

1. Program for the enlightenment and information of organized groups (Information campaign, issue of pamphlets, seminars at sites with desertification
problems)
3. Support programs for the agricultural sector (as included in the policy of the Department of Agriculture)

Measures for the
elimination of
so,, NO,, VOCs
and NH,
emissions.

1. Directive 2001/81/EC on National Emission Ceilings for certain pollutants.

Source: Environmentally Sensitive Areas to Desertification Map, I.A.CO Ltd Environmental and Water Conasultants.
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4.4.6 Assessment of overall vulnerability

The principal aim of this chapter is to identify the key vulnerabilities of soil resources to
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 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

ARG Degree of vulnerability Legend

None 0 None V<0

Limited 1 Limited O<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<Vv<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 4-11.
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Table 4-11: Overall vulnerability assessment of soil resources in Cyprus to climate changes

Adaptive

Sensitivity Exposure T 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)
Desertification Limited to
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 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.

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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5.1 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.
Many people have settled in coastal zones to take advantage of the range of opportunities
for food production, transportation, recreation and other human activities provided here. A
large part of the global human population now lives in coastal areas and a considerable
portion of global economic wealth is generated in coastal zones (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 (McLean et al., 2001).

Human-induced global climate change and associated sea-level rise can have major adverse
consequences for coastal ecosystems and societies (Klein, 2002). 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 IPCC concluded that
although the potential impacts of climate change by themselves may not always pose the
greatest threat to natural coastal systems, in conjunction with other stresses they could
become a serious issue for coastal societies, particularly in those places where the resilience
of the coast has been reduced (Klein, 2002).
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5.2 Baseline situation

5.2.1 The coastal zone of Cyprus

Cyprus is the third largest island in the Mediterranean. It has a total shoreline of 772 km, of
which 296 km are within the area on which the Government exercises effective control
(38%), 404km are in the occupied part (52%) and 72km are within the British Military Bases
(10%). The largest part of the country's territory can practically be considered as coastal
zone and has a dominant influence on all of the island’s landscape. 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. Coastal areas
generate by far the largest source of household income, as well as other major activities and
most of the urban development. The rapid population growth and sprawl of building
development at the suburban edges of the urban areas are the dominant features of
urbanization in Cyprus. In the period 1981-2001 the urban population growth (population
growth within the areas covered by the Local Plans for the main towns) reached 46%
compared to a total population growth of 35%. Within the Local Plan areas, population
growth in the suburban areas was more than twice the growth of population in the core
urban areas that is 68% and 26% respectively. The 95% of all licensed tourism hotel
accommodation capacity are within the coastal zones. Also 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).
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5.2.2 Regulatory & managerial regime

Cyprus has a well-developed planning legislation, focusing on guiding development and

regulatory controls and paying attention to the coastal area for obvious reasons. Parallel

policies for the management of coastal resources (fisheries, marine habitats, water,

agriculture, tourism, wastewater and solid waste, road traffic, etc.) are designed and

implemented by competent authorities under the Cypriot legal and administrative

framework. The main competent Authorities which activities are related to the coastal

protection are the following (Environment Service, 2006):

e The Department of Environment of the Ministry of Agriculture, Natural Resources

and Environment, focal point for the EU Integrated Coastal Zone Management

(ICZM), has proceeded with the initiation of a Coastal Area Management Programme

(CAMP), the implementation of the Bathing Waters Directive, the promotion of

‘Ecolabel’ for touristic accommodation units and the preparation of management
plans for ‘Natura 2000’ sites, some of them being coastal / marine.

@)

CAMP Cyprus was initiated by the PAP/RAC of the Mediterranean Action
Plan (MAP) in close cooperation with the Cyprus Government. The duration
of the program was two years (2006-2008). More details on the link of the
website of the Department of Environment

After the annual national inspection visits to several beaches and the
appropriate evaluation, the International Jury has decided to award the Blue
Flag to 56 beaches in Cyprus for the year 2011.

Cyprus is fully implementing the ‘Bathing Waters Directive’. A total number
of 113 coastal bathing areas are being monitored fortnightly during the
summer season (May to October). The report for 2011 has established the
excellent quality of the bathing waters in all monitored areas.

The EU Eco-label for touristic accommodation units comprises another
means towards the sustainability of tourism. There is great interest for the
obtainment of this label by touristic accommodation facilities. At the end of
2005 the first Ecolabel was awarded to a coastal hotel.

The European Commission for the ‘Natura 2000’ network has approved 61
areas that are protected for their wildlife and habitats value. Ten (10) of
them are within the coastal zone. The preparation of their management
plans for some of them was initiated in 2005.

e The Department of Town Planning and Housing (DTPH) of the Ministry of Interior is

responsible for the following (Environment Service, 2006):

O

The regulation of development through the implementation of
Development Plans (Local Plans, Area Schemes) and the Statement of Policy
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for the Countryside that covers all types of land uses (residential,
commercial, tourism, industrial, open space, protected areas, etc.) and

o The exercise of development control in all parts of the island based on the
requirement for obtaining planning permission for all building
developments. During 2005 the Local Plan for 3 main coastal towns were re-
examined / revised. The main framework of the planning legislation is the
Town & Country Planning Law of 1990. The ‘Island Plan’, a statement of the
broad national strategy on regional spatial planning with strong links to
overall economic and social policy is inactive due to the political problem of
Cyprus.

e The Coastal Section of the Public Works Department (PWD) of the Ministry of
Communications and Works, and Delft Hydraulics is responsible for the construction
of coastal defense works for the protection of the coast from erosion and other risks
(Environment Service, 2006).

e The Water Development Department (WDD) of the Ministry of Agriculture, Natural
Resources and Environment works on the protection of water resources from
coastal development, such as on the impacts from over-pumping, sea water
intrusion, nitrate pollution and leaching of nitrates into the sea. The water
management policies includes among others the construction of dams and irrigation
networks ,wastewaters treatment plants and irrigation scheme with advance
treated wastewaters, and the more recently adopted policies with respect to
desalination and replenishment of aquifer (Environment Service, 2006).

5.2.3 Physical environment

A description of the physical environment regarding the coastal zones of Cyprus, related to
the following thematic fields are given below:

e Geographical position and geology of the island where a brief description is given
regarding the position of Cyprus as part of the East Mediterranean Basin.

e (Coastal ecosystems where the morphology of the coastal zone is described along
with a brief report concerning the biodiversity of these areas.

5.2.3.1 Geographical Position & Geology

The coastal plain around the island is very narrow (0.5-5 km wide). Elevated marine terraces
are found bordering along the coastal plain. At least six (6) levels of old marine terraces can
be distinguished. The Plio-Pleistocene calcarenites and the beach deposits gravel and sand -
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form along the coastal plain, thin (0.5-10 m) discontinuous groundwater bodies of local
importance. Their extent and thickness is controlled by the configuration of the underlying
impermeable base (Palaeogene to Miocene sediments consist of marls, chalks and chalky
marls) (Avraamides, 2001).

In particular, the south-east coast of Cyprus is characterized a Mesozoic to Tertiary
basement of calcareous and igneous materials. The coastal area, which is often rocky, is
characterized by accumulations of pebble and gravels with few tiny and poor sandy beaches.
The material that has accumulated at these beaches originates either from nearby rocks or
from the inland bedrock. The elevated marine terraces are composed of conglomerate with
well-rounded pebbles, mostly of igheous origin (Loizidou, 2002).

5.2.3.2 Coastal 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. The portion of the coastal area that is
protected covers approximately 14% of the island coastline (Demetropoulos, 2002).

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, depth and
stability. Beaches on the west coast of the island are exposed to the pounding action of large
waves. They have higher profiles and are constantly on the move (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). The occurrence of what is known as the Vermetus reef or shelf is what is
most interesting in such areas, from an ecological point of view. The shelf can be narrow 1
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metre or so or it may be several metres wide in exposed coasts. Extensive shallow rock pools
are created between the reef and the shore, with some deeper rock pools eroded into the
shelf. The vertical wall, which often drops off the shelf into deeper waters, is only partly
exposed to air and that only during low spring tides (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. They are currently threatened by
drainage and nutrient enrichment from agriculture and domestic effluents. 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, and
which are flooded periodically by the sea (Department of Environment, 2010).

Sand dunes are hills of wind blown sand that have become progressively stabilized by a
cover of vegetation. Sand dunes are species-rich habitats for plants and invertebrates 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. These hills are classified further in several
dune types, according to their shape and development, which are then synthesized in
various biogeomorphic types of dune systems. Between sea and land, these complex
geomorphotopographic ecosystems show a notable variation of several factors, such as
nutrient availability, soil salinity, aerial salt deposition, water conditions, organic compound,
soil texture and pH. Such factors constitute a variety of microenvironments and influence
the presence of the species and the vegetation type and lead to the great biodiversity of the
sand dune ecosystems (Department of Environment, 2010).

Coastal sand dunes are among the most vulnerable habitats of Cyprus and are subject to
high-intensity recreational and other uses. There are numerous types of anthropogenic
pressures and impacts on the sand dune ecosystems of Cyprus. The majority of these are
local activities influencing each site (e.g. trampling, driving and grazing). Although others are
external, occurring at some distance from the dune site, they can affect the structure and
function of the systems by reducing the delivery of sediment (e.g. by dam construction)
(Department of Environment, 2010).

Dune systems are in a constant state of change and maintaining their natural dynamism is
essential to ensure a favorable conservation status. Impacts on sand dune habitats include
(Department of Environment, 2010):

e Removal of beach material, which exacerbates the process of natural erosion,
e Motorized recreational activities and high visitor pressure on some sites,
e Recreational activities and pressure for development.

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. Despite their relative
inaccessibility, pressures and threats to the habitat include recreation, tourist visit and
housing and dumping. In some cases, coastal protection works interfere with the natural

Chapter 5: Coastal zones Page 5-6



&y

Impact, vulnerability and adaptation assessment for the case of Cyprus

functioning of sea cliffs, particularly soft cliffs prone to erosion (Department of Environment,

2010).

High cliffs with sea caves can be found in several areas in Akamas, Akrotiri and elsewhere.

Some of these caves were inhabited by the Monk Seal and some still are (Dendrinos and

Demetropoulos, 1998).

5.2.4 Anthropogenic environment - Human 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):

Tourism and recreation/leisure areas.

These uses are representing the principal activity in the Cyprus coastal area, with
significant increasing trends during the past years. The respective infrastructure,
activities and impacts include:

o Tourism accommodations.

As much as 95% of tourism accommodation is located in the urban coastal
towns and the smaller tourism settlements of Ayia Napa, Paralimni and
Polis. The “narrow” tourism sector of hotels and restaurants accounts for
20% of the Gross National Product, whilst the wider tourism sector,
including parts of the agricultural, trade and financial services sectors closely
linked to tourism demand is estimated to account for as much as 70% the
Gross National Product.

Beaching.

The respective uses are referring to sunbathing, bathing and swimming;
nautical sports (surfing, nautical ski, towed parachuting, sea-scooters (jet-
skis) etc.). The major impacts from these uses are overfrequentation and
habitat destruction (sand replenishment).

Nautical development.

The respective uses are referring to 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 Living resources and marine biodiversity.

The respective uses are referring to diving (snorkelling, scuba); bait and
another fauna collection. The major impacts from these uses are habitat
destruction (turn over the blocks, collection of sea dates and other species,
‘souvenirs’ as nacres); scuba erosion (mainly in the caves).

o Educational, research and conservation uses.

These uses represent positive activities which permit the protection of the
coastal and marine areas. Some areas have been proposed as marine
protected areas (Cape Greco, Moulia Rocks, Akamas Peninsula, Polis/Yialia
etc).

e Coastal urban development.

The demand for new buildings represents a potential coastal threat in the case that
there is lack of rational planning and management of this important resource. The
respective infrastructure along with their uses and their relative impacts include:

o Buildings and roads.

The largest urban centers in Cyprus, except Nicosia, are coastal (Limassol,
Larnaca and Paphos) accounting for 48% of the total population and 58% of
the total urban population, with Nicosia, the capital, accounting for the
remaining 42% of the urban population.

Employment is likewise concentrated in the coastal areas. 100,000 out of
149,000 non-agricultural jobs are concentrated in the coastal towns and in
the tourism area of Ayia Napa and Paralimni. 15,600 in the hotel and
restaurant sector, 12,500 in the financial sector and 21,000 in the trade
sector.

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.

The broad coastal belt of Cyprus, stretching from Paphos in the south west
to Limassol, Larnaca and Paralimni in the east, is connected by the second
heaviest used highway, second to that connecting Nicosia to the coastal
highway.

The population of the rural coastal settlements (about 20 in number,
including Ayia Napa and Paralimni) are the largest and fastest growing rural
settlements, accounting for about 25% of all rural population, growing at
nearly 2.0% per annum, higher than the rate as the urban population and
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twice as high the average growth rate of the inland rural settlements (about
275 in number).

e Industrial activities.

The impact of industrial activities via localizing in some coastal areas (fish cages,
desalination plants, power plants) can be important. In particular, the respective
activities are related with the following types of infrastructure:

o Aquaculture.

The respective uses are dealing with the development of sea fish cages for
the fish rearing and fish processing prior to market exploitation. The major
impacts are including organic (including nutrients) and antibiotic pollution
(habitat degradation) and the invasion of undesired living species.

o Desalination plants.

The respective uses are dealing with the desalination of seawater. 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.

o 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.

o Waste treatment.

The respective uses regarding waste treatment facilities are related with the
management of domestic solid waste and wastewater, their treatment and
disposal or use. The major impacts from these activities involve organic,
nitrogen and phosphate pollution of surface and ground waters, sea
eutrofication, algae blooms, low quality of seawaters and degradation of
coastal ecosystems. In particular at Paralimni and Ayia Napa, they are
occurred high algae blooms during summer periods.

o Wastewater treatment plants.

The island of Cyprus has five (5) waste water treatment plants that are
located along the coastline. These plants are serving Larnaca, Paralimni, Ayia
Napa, Limassol and Paphos.

Overall, the main industrial activities across the Cypriot coastline are located at the
following plants (Constadinides, 2002):

o Limassol wineries,
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o Larnaca petrol refinery,
o Moni and Vassilikos cement plants (near Limassol) and
o Power plants of Moni and Dhekelia (near Larnaca).

e Maritime traffic and transport

This activity is targeted mainly around the commercial ports (Larnaca and Limassol
areas). The respective uses are related with traffic, mooring areas and the
construction of pipelines for gas or oil. The major impacts are including
hydrodynamic alterations (enlargement of actual ports); habitat destruction
(dredging, mooring, silting); invasion non-indigenous species (ballast water, fouling)
and oil spills.

e Airports.

The two international airports are on the coast (Larnaca and Paphos) and the two
ports (Limassol and Larnaca).

In Table 5-1 the main types of coastal zones in Cyprus and their respective length are
presented.

Table 5-1: 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

Source: Coccossis et al., 2008

The human pressures on the coastal environment are expected to be increased due to the
population increase. In addition, the following main population growth indicators for the
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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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5.3 Impact assessment

The most notable reported climatic changes affecting coastal zones are the sea level rise, the
rise of mean temperatures, the decrease in precipitation, the increase of sea water intrusion
and the increase of extreme weather events. Climate change is expected to affect the
coastal areas of the Eastern Mediterranean area in a variety of ways. Many Aegean-
Levantine coastal regions are expected to be exposed to an increasing risk of flooding and
erosion. Low-lying coasts are particularly vulnerable, notably delta areas, lagoon coasts,
tidelands and some islands. Additionally, cliffs and beaches are vulnerable to erosion,
estuaries are vulnerable to increased salination, and coastal groundwater aquifers are
vulnerable to shrinkage and saltwater intrusion (Parari, 2009).

The correlation of the climate change factors with the impacts on the coastal zone of Cyprus
is presented in the following table.

Table 5-2: Relationship between observed climate changes and impacts on the coastal zones sector

— 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 water temperature

rise — Increased stratification, algal blooms, degradation of coastal
i

ecosystems, loss of natural attractions and species

The impacts of climate change on the coastal zone of Cyprus are further analyzed in the
following sections of this chapter. These are grouped in three impact categories, namely:

e Coastal storm flooding and inundation

e (Coastal erosion
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e Degradation of coastal ecosystems

5.3.1 Coastal storm flooding and inundation

Scientists project an increase in the frequency of large storms in the coming century. At the
same time, 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, given
global warming (Gordon et al.,1992). This would intensify flooding, particularly in low-lying
coastal areas where the base level will be simultaneously increasing due to sea-level rise.
Climate change may also lead to a change in the frequency and intensity of storms, extreme
precipitation and runoff events. 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). The degree to which coastal land is at risk of flooding
from storm surges is determined by a number of morphological and meteorological factors,
including coastal slope and, wind and wave characteristics (Sterr et al., 2003).

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. Land loss resulting from inundation is simply a
function of slope: the lower the slope, the greater the land loss. (Sterr et al., 2003)

‘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. Also in the coming years, the island is not expected to become very
vulnerable to sea flooding (EC, 2009).

The impacts of sea flooding, storm surges and tidal waves on the built environment of
coastal zones are analyzed in detail in Section 0: Infrastructure.
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5.3.2 Coastal erosion

Coastal erosion represents 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

o Cutting off the sediment transport by damming the rivers. Decreased precipitation
and droughts in Cyprus forced the government to increase at the degree possible
rainwater storage with the construction of numerous dams aiming to eliminate
water losses to sea and increase water availability. However, the damming of rivers
had as a result to cut off sediment transport through rivers

e lllegal construction of coastal defence works by hotel owners for the protection of
the beach located in front of their properties without taking into account the
impacts of these works to the near-by beaches

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.
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This winter (2012), the naturally sandy beach of Coral Bay in Peyia Paphos has been badly
damaged by storms that much of the sand has gone. Coral Bay, is a popular destination with
both tourists and locals, who flock to the area to enjoy the blue-flagged sandy beach and
sparkling waters. But according to Peyia councilor Linda Leblanc, the forthcoming summer
season looks bleak. “Almost all of the sand has gone from the beach as we had particularly
bad storms this year,” she said. “There are often rough storms during the winter period, but
this year the devastation seems to be worse” (Cyprus-mail, 2012).

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).

5.3.3 Degradation of coastal ecosystems

Overall, the impact of climate change for coastal ecosystems and wetlands in Cyprus is not
known yet, as the relevant research in this domain is still lacking ( EC, 2009). However, the
impacts are expected to be long term and mostly affected by temperature, sea level rise and
reduction of the available sediment and biomass for the growth of ecosystems.

The main danger 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 in this way and therefore,
leading to alteration in biodiversity habitats.

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).
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5.4 Vulnerability assessment

In this section, the 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. In particular, sensitivity is defined as the degree

to which coastal zones are affected by climate changes, exposure is the degree to which

coastal zones are exposed to climate changes and their impacts, while the adaptive capacity

is defined by the ability of coastal zones 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 indicators used for the assessment of sensitivity, exposure and adaptive capacity of

Cyprus coastal zones to climate change impacts are summarized in Table 5-3.

Table 5-3: Indicators used for the vulnerability assessment of climate change impacts on the coastal

Vulnerability
variable

zones of Cyprus

Selected indicators

Coastal storm flooding and inundation

Sensitivity

Coastline length of low-lying areas and percentage of the total coastline
Vegetation cover*

Sediment supply*

Slope*

Proportion of the coastline occupied by urban and tourist infrastructure

Exposure

Sea level rise

Coastal floods

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

Adaptive
capacity

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

Artificial reefs

Foreshore Protection Law

Coastal Erosion
2
2 — Coastline length of low-lying areas and percentage of the total coastline
2 — 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 ...
. 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

— Degradation of coastal ecosystems*

— Sea level rise

— Salinization of coastal aquifers

— Coastal erosion

Sensitiviy

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 5.3:

1. Coastal storm flooding and inundation
2. Coastal erosion

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

5.4.1.1 Assessment of sensitivity and exposure

Sensitivity

Cyprus as an island, is sensitive to sea flooding all along its coast, with more sensitive being
the low-lying areas. 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.

The elevation of an area combined with a number of other factors, such as vegetation,
sediment supply and slope, determine the risk of inundation. 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 5-1, 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 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, data on the sea level rise and on the flooding events in Cyprus will be used as
indicators. Several climatic factors which could also be used as exposure indicators are the
frequency and intensity of rainfall, storms and waves that the coastal zones of Cyprus are
exposed. However, in absence of concrete data on the last indicators the assessment will be
based on the first two indicators.

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 will counteract
global sea-level rise and given a global rise in sea level of 0.5m by 2100, relative sea-level

v Low-lying areas are defined as 10 km of coastal zone below 5 metres elevation
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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 5-1).

mm/yr

Figure 5-1: Mediterranean basin sea level changes between 1993 and 2000

Source: Ministry of Environment of Lebanon, 2011

According to the Water Development Department, 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 (Water
Development Department, 2012). However, none of the recorded flooding events have been
characterized as sea or coastal floods. The following map presents all recorded flooding
events in Cyprus as well as the areas with potential significant flood risk.
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Figure 5-2: Areas with potential significant flood risk in Cyprus

Source: Water Development Department, 2012

Considering the above, the exposure of the coastal zones of Cyprus to storm flooding and
inundation are characterized as limited to moderate.

5.4.1.2 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 engineering 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.
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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. In
1992, the Government decided to adopt a moratorium in the construction of the hard
structures until the completion of the study ICZM for Cyprus. The study was completed in
1996 and until then no construction / development took place. In 1998, the required
financial resources were obtained and the Cyprus Government started the implementation
of these Master Plans. In 1998 the Cyprus government started with the implementation of
these Master Plans. The Department of Public Works in cooperation with the National
Technical University of Athens, also implemented a project (2000-2006), which was a
continuation of the previous one that deals with three (3) new coastal areas in Paphos. The
goal was to identify the proper methods to protect the coastline. The following years, Cyprus
has prepared and implemented a number of additional Master Plans and intends to do the
same for the rest of the coastal areas that is deemed necessary (Coccossis et al., 2008). The
coastal defense works constructed in Cyprus during the period 1980-2011 are summarized in
the following table.

Table 5-4: Coastal hard defense works

Site Type of intervention Year
P 10 breakwaters 1980-1990
6 breakwaters 2001
Zygi 5 breakwaters 2009-2011
30 breakwaters 1980-1990
Limassol 6 breakwaters 2001
10 breakwaters 2005-2007
Pafos 1 breakwater 1980-1990
Geroskipou 6 breakwaters 2010-2012
Poli Chrysochous 4 breakwaters 2009-2010
Kato Pyrgos 5 breakwaters 2010-2011
Maroni 3 groynes (illegal) -
Vrisoudhia 1 groyne (illegal) -
Kambourias coastal road revetment 2008
Niolima 2 groynes (illegal) -
Pentaschinos 2 groynes (illegal) -
Yanoudhia 2 groynes (illegal) -
Yanoudhia coastal road revetment 2008
Platy 3 groynes (illegal) -
Platy coastal road revetment 2007
Alaminos 4 breakwaters 2000
Softades 2 groynes (illegal) -
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Type of intervention

Kokkinadhia coastal road revetment 2004/08

Source: Montanari, 2010; DPW

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.

Artificial reefs which are actually submerged breakwaters also 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
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 applied in Cyprus as well as
their effectiveness, it is considered that the adaptive capacity of Cyprus’ coastal zones to
storm flooding and inundation is limited to moderate.

5.4.2 Coastal Erosion

5.4.2.1 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). 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.

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

1 Low-lying areas are defined as 10 km of coastal zone below 5 metres elevation
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Exposure

For the assessment of the exposure of Cyprus’ coastal zones to coastal erosion, data on the
sea level rise and on the presence of coastal erosion in Cyprus will be used as indicators.
Several climatic factors which could also be used as exposure indicators are the frequency
and intensity of rainfall, storms and waves that the coastal zones of Cyprus are exposed.
However, in absence of concrete data on the last indicators the assessment will be based on
the first two indicators.

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. 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.

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

5.4.2.2 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. The coastal hard defense
works constructed in Cyprus during the period 1980-2011 are summarized in Table 5-4.

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).
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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):

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

e |[f 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
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).

Regarding beach nourishment, this was firstly applied on a specific area in Limassol. The
material was brought from the extension works in Limassol Port. The total amount of sand
brought was 20.000 m3. 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). In addition 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 towards the reduction of the pressures
exerted on the coastal zones of Cyprus, coasing 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 cannot be reduced for the time being and that coastal defense works
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have not been implemented to all areas with erosion problems, the adaptive capacity of
coastal zone against erosion can be assessed as moderate.

5.4.3 Degradation of coastal ecosystems

5.4.3.1 Assessment of sensitivity and exposure

Sensitivity

Estuaries and coastal aquifers are sensitive to sea level rise due to the saltwater intrusion
that will be 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.

Figure 5-3: 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).

In addition, 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. Finally, aquatic coastal ecosystems are
sensitive to water temperatures increases.

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

9 Low-lying areas are defined as 10 km of coastal zone below 5 metres elevation
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the coastal circulation patterns will change because of changes in temperatures, wind speed
and currents in the coastal zone (Harrould-Kolieb et al., 2009).

The coastal ecosystems in Cyprus of high biodiversity value that are sensitive to the climate
change impacts 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) comprises of such areas, which
are also under protection status (see Table 5-1).

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

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 and the presence of coastal erosion in Cyprus.

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. 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
exposed to seawater intrusion while the coastal zones of several aquifers in Cyprus have
been abandoned due to this phenomenon. In Figure 5-4, the aquifers of Cyprus exposed to
salinization are presented.
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Figure 5-4: Salinization in the groundwater bodies of Cyprus

Source: Water Development Department, 2008

Given that there are no sufficient data for the assessment of exposure of coastal ecosystems
in Cyprus to degradation, no characterization is given.

5.4.3.2 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 5.4.1 and Section 5.4.2 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.

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.
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5.4.4 Assessment of overall vulnerability

The principal aim of this chapter is to identify the key vulnerabilities of the coastal zones to
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 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<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 coastal zones of Cyprus are summarized in Table 5-5.
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Table 5-5: Overall vulnerability assessment of the coastal zones of Cyprus to climate changes

Adaptive

ope o E
Sensitivity Xposure Capacity

Vulnerability

Coastal storm flooding and Limited to Limited to o
. . Moderate (3) Limited (0.5)
inundation Moderate (2) | Moderate (2)

. Moderate
Coastal erosion Moderate (3) (2.5)

Degradation of coastal
ecosystems

Not evaluated | Not evaluated -

As a result, it is concluded that the current 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 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.
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Abbreviations and Acronyms

CAMP Coastal Area Management Programme

CBD Convention on Biological Diversity

CIESM la Commission Internationale pour I'Exploration Scientifique de la Mer Méditerranée
CITES Convention on International Trade in Endangered Species of Wild Fauna and Flora
DMFR Department of Fisheries and Marine Research

DoA Department of Agriculture

DoE Department of Environment

DoF Department of Forests

EC European Commission

EastMed Scientific and Institutional Cooperation to Support Responsible Fisheries in the Eastern
Mediterranean

EEA European Environment Agency

ESSEA Earth System Science Education Alliance

FAO Food and Agriculture Organization

GSD Geological Survey Department

IPCC Intergovernmental Panel on Climate Change

JRC Joint Research Centre

MA Millennium Ecosystem Assessment

MANRE Ministry of Agriculture, Natural Resources and Environment, Republic of Cyprus
MAP Mediterranean Action Plan

MedSeA Mediterranean Sea Acidification in a Changing Climate
NGO Non-Governmental Organization
NRE Natural Resources and Environment

RAC/SPA Regional Activity Centre for Specially Protected Areas

UN United Nations

SCI Sites of Community Importance

SPA Special Protection Areas

SSS Sea Surface Salinity

SST Sea Surface Temperature

UNCBD United Nations Convention on Biological Diversity
UNEP United Nations Environment Programme

USAID United States Agency for International Development

WCMC World Conservation Monitoring Centre

WDD Water Development Department
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WHO World Health Organization
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6.1 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.

Examples of impacts on biodiversity due to climate change are phenomena such as “summit
trap phenomenon” (species inhabiting mountain summits are forced to move to higher
altitudes when temperatures increase), shifting distribution ranges of species and the
habitats they compose, changing phenology, effects on plant physiology and changing
community structure and species interactions (Delbaere, 2005).

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 most
likely applying pressure in biodiversity.
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6.2 Baseline situation

6.2.1 Status of biodiversity in Cyprus

Cyprus is located in the Mediterranean Basin, characterized as a biodiversity hotspot (Myers
N. et al.,, 2000) (Figure 6-1), and is a part of the Mediterranean biogeographical region,
(Figure 6-2). In addition, Cyprus is one of the world’s major centres for plant diversity
(Medail & Quezel, 1997), and has the world’s second highest percentage of endemic plant
species (Ornat & Correas, 2003).

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).

California
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Figure 6-1: The 25 hotspots. The hotspot expanses comprise 30-3% of the red areas

Source: Biodiversity hotspots for conservation priorities (Myers et al., 2000)
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Indicative map of
biogeographical regions,
2008

I:] Alpine

- Atlantic

|:| Black sea
I Boreal

[ continental
]:] Macaronesia
I:] Mediterranean
- Pannonian
[] steppic

Canary Is. . Azores Is.| ~

i
Madeira Is. 1().00 15.00 km

1

Figure 6-2: Indicative map of biogeographical regions, 2008

Source: Biogeographical regions in Europe (Directorate-General for Environment, 2009)

It is a practice to define biodiversity in terms of genes, species and ecosystems (Swingland,
2001; Dodson, et al., 1998). More specifically, according to the Global Biodiversity Strategy,
biodiversity is the totality of genes, species and ecosystems in a region, and as a result can
be divided into three hierarchical categories (genes, species, and ecosystems) that describe
quite different aspects of living systems and that scientists measure in different ways (WRI,
IUCN, UNEP, 1992). The genetic diversity is defined as the variation of genes within species,
the species diversity as the variety of species within a region and the ecosystem diversity is
harder to measure than previous two because the “boundaries” of communities-
associations of species-and ecosystems are elusive (WRI, IUCN, UNEP, 1992). 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.

6.2.1.1 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). The main ecosystem types (habitats) in Cyprus are listed in the
following table (Table 6-1).
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Habitats

geomorphology

Table 6-1: The main Ecosystem types (Habitats) of Cyprus

General characteristics of
flora

Additional information

ROCKS & CAVES Exposed rock, limestone scree and rocky Nest of the biggest bird of prey (Gyps | Reduced agriculture and farming
slopes. fulvus). activities cause the spread of

shrubs (phrygana), resulting in the

succession of varied types of flora.

Caves Bats. Caves have not yet been

extensively surveyed.

Rocky shores

Hard limestone shores from Cape Pyla to
Paralimni and from Cape Kormakiti to Cape
Andreas.

Brown algae such as Stypopodium, Padina and Cyst