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MAIN RESULTS AND RECOMMENDATIONS

This analysis is part of the WDD-FAO project “Reassessment of the Island’s Water
Resources and Demand”. Its main objective is to reassess Cyprus surface water resources. In
agreement with the National Project Coordinator, Mr. lacovides and the Deputy Project
Coordinator, Mr. Skordis, reassessment of groundwater resources will be carried out by
another consultant and will be presented in a different report.

The outcome of Objective 1-2 of the project demonstrates that precipitation was
significantly lower over the last 30 years than over the previous decades. Therefore available
water on the island is probably less than what had been assumed as a basis for water
development works designed several decades ago. For the reassessment of the island’s water
resources, it was recommended to use only the hydro-meteorological records of the 1970/71-
1999/2000 period. The use of this period for the quantification of the water resources will
give a more accurate picture of the water resources available today.

The review of the recorded surface runoff time-series allows the generation of
continuous annual flow time-series for 31 watersheds. These watersheds cover almost the
entire area of elevation higher than 500 metres a.m.s.l., i.e. the area which is the most
productive in terms of surface runoff. It can then be assumed that the greatest part of Cyprus
surface water resources is quantified in this study. Surface runoff has been summed by
hydrological region, by government project and for the entire area under government control.

The mean annual surface runoff for the studied period and the 31 watersheds is equal to
190 millions cubic metres (mcm) of which 127 mem (67 %) flow into the government dams
and irrigation systems. As expected, the Troodos Mountain can be considered as the main
water producing area under government control. The Kouris dam watershed has the largest
mean annual flow (30 mcm) followed by Dhiarizos River (18 mem), Asprokremmos dam (15
mcm), Germasogeia dam (13 mcm) and Peristerona River (12 mcm). Table 4.1 gives flow
statistics for all the watersheds under consideration.

The author wants to highlight the fact that the distribution of Cyprus surface runoff is
asymmetric with many low values and few high values. Consequently there are significant
differences between the mean (average) and median (50 %) annual flow. For example, the
mean and median Cyprus surface runoff are equal to 190 and 155 mcm respectively. This
means that the median is 35 mcm or 18 % lower than the mean and 60 % of the observed
values are below the mean.

The analysis of the relation between mean annual flow and mean annual rainfall
demonstrates that the decrease in rainfall observed after 1970 resulted in a decrease in flow
varying between 20 and 60 %. Further reduction in stream flows were caused by Man’s
actions such as overexploitation of the majority of the country’s aquifers (Objective 1 —
Output 1.4.2: Assessment of Groundwater Resources of Cyprus) and reforestation of several
mountainous areas on the Island over the last 3 decades. All these factors explain why the
actual available surface water on the island is less than what had been assumed as a basis for
the water development works.
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A precipitation analysis confirms the reduction in mean annual precipitation. The area
receiving more than 600 mm of rainfall per year is limited to elevations greater than
500 metres a.m.s.l. on the south-western slope of the mountain and to elevations greater than
800 metres a.m.s.l. on the north-eastern slope.

Evaporation analysis demonstrates that records are not reliable and that it is necessary to
perform a serious quality check of the evaporation records before these can be used for water
resources management. Such analysis should make it possible to classify evaporation data
into three levels of data quality: reliable data, reliable data part of which has been corrected,
and unreliable data.

The hydrological year used in previous studies starts on the 1% of October and finishes
on the 30" of September. The minimum precipitation and flow being in August, the period
starting on the 1% of August and finishing on the 31% of July is certainly more appropriate as
hydrological year for Cyprus. The August/July hydrological year has already been introduced
in Israel, a country with very similar hydrometeorological conditions. In this study, we keep
the October/September period to be able to compare our results with previous studies.
However we recommend that for future studies the Meteorological Service and Water
Development Department use the August/July period as hydrological year.

Finally, Excel files have been created for the 31 selected watersheds. These files
include: the original data, the regression equations that have been used to extend the time
series when required, the 30 years time series of annual surface runoff used in this study.
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1 INFORMATION USED

The area under consideration is the government controlled area of the island of Cyprus
excluding the northern part of the island for which records availability stopped in 1974 with
the Turkish invasion and occupation of that part of the island (Figure 1.1).

The period of study is 1970/71 to 1999/2000. It has been chosen according to the
conclusion of Objective 1.2 "Hydro-meteorological study examining changes in recorded
precipitation” of the project. It is understood that the year used in this analysis is the

hydrological year used in Cyprus. The hydrological year 1999/2000 starts on the 1% of
October 1999 and finishes on the 30™ of September 2000. The minimum precipitation and
flow being in August, the period starting the 1% of August and finishing on the 31 of July is
certainly more appropriate to be used as hydrological year for Cyprus. The August/July
hydrological year has already been introduced in Israel a country with very similar
hydrometeorological conditions to those in Cyprus. In this study the October/September
period is kept as hydrological year to permit comparison between the results of the present
study and the results of previous studies. However, for future studies we recommend that the
Meteorological Service and Water Development Department use the August/July period as
hydrological year.

The Meteorological Service provided monthly precipitation time series. Over the

30 years of the period of study, monthly precipitation is available for 122 meteorological
stations (Figure 1.1). The Meteorological Service has realised a data quality check over the
entire island. Where possible the Meteorological Service has estimated missing daily rainfall
for stations with short periods of missing data. Earlier than 1972 missing data were estimated
using data from three stations nearest to the station under consideration. Since 1972 daily
isohyetal maps were used to this end. Note that an A3 format location map is available on
Figure 1 of the Objective 1-6 report “Hydrological network analysis and Optimisation”.

The Meteorological Service provides monthly Class A Pan evaporation time series.
Twenty-eight meteorological stations record Class A Pan evaporation for more than 10 years

(Figure 1.2). Only two stations have continuous time series over the 30 years of the period of
study. Monthly missing values have been estimated using the station’s monthly mean. The
annual value at a station was calculated only in the cases where there were not more that 4
months of missing data i.e. at least 8 months of observations were available at the station.
Estimation of the missing monthly values resulted in 5 time series of Class A Pan evaporation
covering the entire 1970/71-1999/2000 period, 12 time series covering the 1980/81-
1999/2000 period and 5 time series covering the 1990/91-1999/2000 period.

The Division of Water Resources provided monthly mean flow time-series for
58 stations (Figure 1.3). Nineteen stations have continuous time series over the 30 years of the
period of study. Twelve time series present missing data for two years mainly over the
1971/72-1973/74 period. Twenty-nine other stations have shorter time-series. Note that an A3
format location map is available on Figure 2 of the Objective 1-6 report “Hydrological
network analysis and Optimisation”.
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Figure 1.1: Location and reference number of the precipitation stations used.
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2  PRECIPITATION

Annex 2.1 provides the following information for the 122 precipitation stations used:
reference number; elevation; mean, standard deviation, coefficient of variation, 10 %, 90% of
the annual values and mean monthly values in millimetres. The Kolmogorov Smirnov test for
normality has been used to check the distribution of the annual and monthly precipitation time
series. The annual time series are normally distributed over the 1970/71-1999/2000 period,
consequently there are no significant differences between the mean (average) and median
(50%) annual precipitation.

Figure 2.1 displays the mean annual precipitation over the 1970/71-1999/2000 period.
The maximum is in the Troodos area with values reaching 1000 mm/year at the top of the
mountain. The area receiving more than 600 mm of rainfall per year is limited to elevations
greater than 500 metres a.m.s.l. on the south-western slope of the mountain and to elevations
greater than 800 metres a.m.s.1. on the north-eastern slope.
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Figure 2.1: 1970/71-1999/2000 mean annual precipitation in millimetres

The coefficient of variation (CV) of the annual precipitation shows a pattern inverse to
the mean precipitation (Figure 2.2). The temporal variability is lower where the mean
precipitation is higher. CV is around 0,22-0,23 where the mean is greater than 600 mm, it is
around 0,24-0,25 where mean is between 600 and 400 mm, and greater than 0,26 where mean
is lower than 400 mm. The larger CV values (around 0,35) are observed in the eastern part of
the island under government control (hydrological region 7)
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Coefficient of Variation of Mean Annual Rainfall
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Figure 2.2: 1970/71-1999/2000 coefficient of variation of annual precipitation.

The distribution of the precipitation through the year is similar all over the island
(Figure 2.3). The wet months are during the winter and the dry months during the summer.
Mean precipitation increases quickly from August to a maximum in December in the eastern
hydrological regions (6, 7, 8). In the central (3, 9) and western (1, 2) hydrological regions the
mean precipitation increases to maximum in December and January. The decrease of the
mean precipitation is slower than the increase, it spans over eight months from December-
January to a minimum in July-August.
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Figure 2.3: Average distribution of monthly precipitation through the year for the period 1971-2000.
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The analysis realised in section 1.2.2 of the Objective 1-6 report “Hydrological network
analysis and Optimisation” shows that the existing time-series allow the determination of the
relationship between mean annual precipitation and elevation for each hydrological region
with satisfactory confidence (Figure 2.4). The combination of this new information with a
Digital Elevation Model (DEM) of the island allows estimation of the mean annual
precipitation at any point of the island. Figure 2.5 is created with a 1x1 km DEM, for each
point the mean annual precipitation is calculated with the linear regression line of the
appropriated region. Linear extrapolation is used between references points.
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Figure 2.4: Linear regression lines between mean annual precipitation and station elevation for the
Troodos Mountain region (Hydrological Regions 1, 2, 3, 6, 8 and 9).
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Figure 2.5: 1970/71-1999/2000 mean annual precipitation in millimetres.
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3 EVAPORATION

A similar analysis of the evaporation records is attempted in this section, since
evaporation is very important for water resources assessment and management in arid
countries. However, the network of evaporation pans is not very dense, most of the time-
series are less than 30 years long and the data show significant variability throughout the
Island. Figure 3.1 gives a sample of problems encountered with the annual time series of
Class A pan evaporation. The time series of the Astromeritis station (415) shows very similar
variations to the time series of the Lefkosia station (640) after 1990 (what is expected), but
very different variations before. The reasons for such anomaly have to be further investigated.

Discussion with Stelios Pashiardis (Meteorological Service) provides several
explanations for the very low level of correlation between annual time series of Class A pan
evaporation (Annex 3.1). First, no serious data quality check has been realised. Second,
several stations were relocated leading to important artificial changes in the pan A
evaporation records. Third, several stations suffered changes in their environment due to
urbanisation of the station area.

It is therefore necessary to realise a serious quality check of the evaporation
records before they are used for water resources management studies. Such analysis
should make it possible to classify the data into three main categories: reliable, reliable after
correction and, unreliable.
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Figure 3.1: Annual Class A pan evaporation recorded at Astromeritis (415) and Lefkosia (640) stations.

Due to data inconsistencies, it is hard to derive reliable conclusions from evaporation
data. Annex 3.2 provides the following information for 28 time series: station reference
number; mean, standard deviation, coefficient of variation, 10 %, 50 %, 90 % of annual
values for the entire study period 1970/71-1999/2000 period as well as annual values for the
1990/91-1999/2000 period which, according to Stelios Pashiardis (Meteorological Service) is
a period of more reliable data. Figure 3.2 shows the mean annual Class A pan evaporation
over the 1990/91-1999/2000 period. Not surprisingly, evaporation decreases with elevation.
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Figure 3.2: 1990/91-1999/2000 mean annual Class A pan evaporation in millimetres

The distribution of evaporation through the year is similar all over the island

(Figures 3.3). Evaporation is low during the winter with a minimum in January and high
during the summer with a maximum in July. The increase and decrease are symmetric, each
one spanning over six months. Annex 3.3 gives the maps of mean daily evaporation prepared

by Stelios Pashiardis (Meteorological Service). Even if these maps are realised with data prior

to 1990, they give a picture of the distribution of evaporation through the year.
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Figure 3.3: Average distribution through the year of monthly Class A pan evaporation.
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4 SURFACE RUNOFF

The objective of this section is to determine statistical characteristics of stream-flow of
the most important rivers in the island. Studies performed under Objective 1-6 of the project
demonstrate that extrapolation to watershed without measurement is not reliable without
further analysis. In this study, thirty-one rivers stream-flow are measured with one or more
flow gauging stations. The watersheds of these rivers cover almost the entire area with
elevation greater than 500 metres a.m.s.l., i.e. the area which is the most productive in terms
of surface runoff (Figure 4.1). Surface runoff from the few rivers without stream-flow records
can therefore safely be considered negligible.

For each of the 31 selected rivers, continuous stream-flow time-series over the 1970/71-
1999/2000 period have been compiled (Annex 4.1). Missing values were estimated with
regression analysis using upstream or downstream stations where possible. When this was not
possible, data were extrapolated from stations in neighbouring watersheds. Annex 4.1
displays the annual time series with the estimated period and formula. For rivers with several
stream-flow stations, the downstream station was selected. For rivers controlled by a dam,
inflow to the dam was selected. When more than one river converged to the dam, the sum of
individual river flows were selected. In that cases (Kouris, Germasogeia, Dhypotamos,
Tamassos and Pomos dam) the gauging stations (i.e. watersheds) do not coincide with the
dam itself. This explains why, on the maps presented in section 4 and 5, the outlet does not
coincide with the limits of the watershed.
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Figure 4.1: Watershed of the 31 selected rivers and dams.
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The surface runoff within each of the seven hydrological regions has been calculated as
the sum of all the river flows within the hydrological region. The hydrological regions are
those defined by the Division of Hydrology of the Water Development Department. The sum
of the 31 selected rivers flow has been calculated and it is referred to in this report as the
Cyprus surface runoff.

The Kolmogorov Smirnov test for normality has been used to check the distribution of
the annual and monthly precipitation time series. As it is common in dry countries, the
majority of the annual and monthly flow time series are not normally distributed. The
distribution is asymmetric with many low values and few high values (Figure 4.2).
Consequently there are significant differences between the mean (average) and median (50%)
annual flow. For example, the mean and median Cyprus surface runoff are equal to 190 and
155 mem respectively. This means that the median is 35 mcm or 18 % lower than the mean
and 60 % of the observed values are below the mean.

Asymetric distribution

|

Normal distribution (\

S T

Mode = Median = Mean Mode Median Mean

Mode : Most frequent value, Median : 50% value, Mean : Arithmetic average

Figure 4.2: Normal and asymmetric distribution curve, the distribution of annual Cyprus surface runoff is
asymmetric with many low values and few high values.

Table 4.1 provides the following information for the 31 selected watersheds, the seven
hydrological regions and the entire area under government control: annual mean, median, the
difference in percent of the mean between the median and mean: (median-mean)/mean*100,
standard deviation, coefficient of variation, 10 %, 90 %. The unit used is "million cubic
meters" (10° m®) abbreviated as mem. The 10 %, 50 %, 90 % are percentiles. In the present
study a period of 30 years (1970/71-1999/2000) is considered. Within this period three years
are drier than the 10 % value given in Table 4.1, 15 years are drier and 15 years are wetter
than the 50 % and 3 years are wetter than the 90 %. The probability to have a drier (wetter)
year than the 10 % (90 %) is 10 % (10 %).
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Table 4.1: Surface runoff statistics

WS # Name Mean 50 % Diff St. Dev. cv 10 % 90 %
(mcm) (mem) | (50%-Mean)/Mean | (mem) (mcm) | (mcm)

All Cyprus 1903 | 1554 8% | 1255 | o066 | 457 | 377,

Region
HR 1 Pafos 458 34,1 -26 % 41,0 0,89 6,9 114,0
HR 2 Tylliria 30,4 25,9 -15% 19,2 0,63 9,9 57,0
HR 3 Morphou 454 41,1 -9 % 25,2 0,55 14,8 83,2
HR 6 Mesaoria 9,2 7,6 -17 % 6,7 0,72 2,0 19,4
HR 7 S.E. Mesaoria 0,2 0,1 -74 % 0,4 1,75 0,0 0,3
HR 8 Larnaka 13,7 9,9 -28 % 12,1 0,88 1,6 30,3
HR 9 Lemesos 455 37,9 -17 % 29,5 0,65 11,7 91,5
Stream-flow site

1.1 Khapotami 3,8 1,7 -55 % 45 1,19 0,1 12,7
1.2 Dhiarizos 18,0 14,2 21 % 16,9 0,94 0,7 45,8
1.3 Asprokremmos dam 14,9 13,2 -11 % 10,8 0,73 3,5 29,0
1.4 Ezousas 9,2 5,1 -45 % 9,9 1,08 0,2 26,9
223 Khrysokhou 1,7 1,3 -24 % 1,4 0,83 0,2 3,7
2.2.6 Evretou dam 6,4 5,7 -11 % 42 0,67 1,6 12,5
234 Argaka dam 2,6 2,0 -23 % 2,1 0,81 0,4 5,7
2.3.8 Yialia 1,2 1,0 -17 % 0,7 0,59 0,5 2,1
24 Pomos dam 34 2,7 21 % 2,4 0,70 0,7 6,4
2.7 Pyrgos 5,7 5,2 9% 34 0,61 1,8 9,9
2.8 Limnitis 9,5 8,1 -15% 5,9 0,62 3,1 17,5
3.1 Xeros 53 4,9 -8% 3,0 0,56 1,7 8,9
32 Kalopanayiotis dam 49 4.8 2% 2,2 0,46 2,4 7,7
3.3 Karyotis 9,4 8,9 5% 4,5 0,48 34 15,2
34 Atsas 1,0 0,6 -40 % 1,2 1,15 0,0 2,8
3.5 Elea 4,4 43 2% 3,7 0,83 0,2 9,9
3.7.1 Peristerona 11,6 11,2 3% 6,2 0,54 33 20,4
373 Akaki 8,8 8,5 3% 5,7 0,65 1,5 17,4
6.1 Pedhios 5,2 4,7 -10 % 3,2 0,63 1,5 10,3
6.5 Yialias 4,1 2,8 -32% 3,5 0,87 0,6 8,8
7.2.3 Liopetri 0,0 0,0 -92 % 0,1 2,44 0,0 0,2
7.2.7 Paralimni dam 0,2 0,0 -73 % 0,3 1,69 0,0 0,3
8.2 Aradhippou 0,3 0,1 -67 % 0,4 1,51 0,0 0,7
8.4 Kiti dam 1,3 0,2 -85 % 1,9 1,47 0,0 3,6
8.5 Pouzis 0,5 0,2 -60 % 0,6 1,26 0,0 1,2
8.7 Dhypotamos dam 3,3 2,3 -30 % 2.9 0,90 0,4 6,5
8.8 Maroni 2,1 1,5 -29 % 1,7 0,84 0,2 4,6
8.9 Kalavasos dam 6,4 49 -23 % 5,3 0,83 0,7 14,5
9.2 Yermasogeia dam 13,0 9,8 -25% 8,5 0,66 2,5 23,5
94 Polemidhia dam 2,6 1,7 -35% 2,0 0,77 0,6 5,5
9.6 Kouris dam 30,0 26,6 -11 % 19,5 0,65 8,7 61,3
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Figure 4.3 shows the variations with time of the Cyprus surface runoff over the
1970/71-1999/2000 period. This figure highlights the large temporal variability of annual
runoff (CV = 0,66): Cyprus surface runoff varies from 25 to 350 mcm between 1990/91 and
1991/92. The limited relevance of the mean and/or median in a dry country, is illustrated here
by the fact that over the 30 years of the period of study, 9 (30 %) annual surface runoffs are
100 mem greater than the mean and 9 (30 %) are 100 mcm lower than the mean (mean =

190 mcm).

As the last five years are among the drier years of the 30 years period, fitting of a linear
regression over the 30-years period would result in a downward trend. As it has been done for
the precipitation (Objective 1.2 report "Hydro-meteorological study examining changes in
recorded precipitation"), the statistical significance of the trend has been checked with the
Student's t-test. The decreasing trend is not significant at the 5 % significance level
(r* < 0,05). In other words, a single wet year in 2001 or 2002 would stabilise the series.

500 -
e—Annual Cyprus Surface Runoff
450 |
t Mean
°
L 4 M
r edian
400 +
r °
[ ]
350 + [
£ .
,g 1 [ ]
300+ £ .
[ B
=]
= Y
250 + §
L=
2 .
[ ]
200 4
° []
[ @
1501 . .
e
L [ ] L4
100 + ]
r o .
L
[}
50 S >
. Hydrological years N
0
— a4 o ¥ 1w ¢ & ® 9 o — o @ ¥ wm v = % o o = & @ ¥ w v = o o o
T 5§ g £ 5 £ L g £ @ 2 ¥ £ » x 2 © L &£ & o2 s & & g 2 g 2 9 2
S = O »on Ff wvw Y = »w F £ 9 = o =5 F 9w v > » o S 9= g @« F v v = LB X
8 8§ & 258 & 5 8§ 5§ &% &8 & & g8 8 &8 &8 & % & 3§ 38 § & 8 3 8§ &8 3 3

Figure 4.3: Variations of annual Cyprus surface runoff (mem) over the 1970/71-1999/2000 period.

The seasonal distribution of surface runoff logically follows the seasonal distribution of
precipitation, with a minimum during the summer months and a single maximum during the
winter months (Figure 4.4). Meanwhile, there is a two months lag between the stream-flow
and rainfall maximums. During the first months of the rainy season a large part of the rainfall
is used to moisturise the dry soil, and the flow coming from springs is very low. During the
second part of the rainy season, as the soil is moistened, direct surface runoff is larger and the
flow coming from springs is also larger as a result of the recharge of the aquifers during the

previous months.
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Figure 4.4: Average distribution through the year of surface runoff and precipitation in Cyprus.

Figure 4.5 shows that, as expected, the Troodos Mountain can be considered as the

water tower of the area under government control. The western and central hydrological
regions (Pafos HR 1, Tilliria HR 2, Morphou HR 3 and Lemesos HR 9) produce around 88 %
of Cyprus surface runoff. These four regions include the areas with the highest elevation. The
eastern hydrological regions of Mesaoria (HR 6) and Larnaka (HR 8) include small areas with
altitude greater than 500 metres a.m.s.l.; consequently they produce together only 12 % of
Cyprus surface runoff. The surface runoff produced by the S.E. Mesaoria hydrological region

(HR 7) 1s negligible (0.1 %) compared to the total surface runoff of Cyprus.

HR9: Lemesos
23,9%

HR1: Pafos
24,1%

HRS: Larnaka
7,2%

HR7: S.E. Mesaoria
0,1%

HR6: Mesaoria
4,9%

HR2: Tilliria
16,0%

HR3: Morphou
23,9%

Figure 4.5: Distribution of Cyprus surface runoff by hydrological region (HR).
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Figures 4.6 and 4.7 show the inter-annual contribution of the seven hydrological regions
to the Cyprus surface runoff. It is interesting to mention that the Pafos region (HR1, blue on
the figures) was the first contributor before 1990 and is only the third or fourth contributor
after 1990. Further analysis should be make it possible to explain this evolution. The
diversion of the Ezousas and Dhiarizos Rivers may be part of the explanation.
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Figure 4.6: Variation of the repartition of annual Cyprus surface runoff by hydrological region.
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Figure 4.7: Annual surface runoff of the hydrological regions under study.
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Figure 4.8 displays the contribution of the selected watersheds to the surface runoff of
the seven hydrological regions. The Kouris dam watershed has the larger mean annual flow
(30,0 mcm) followed by the Dhiarizos River (18,0), the Asprokremmos dam (14,9), the
Germasogeia dam (13,0) and the Peristerona River (11,6).

Figure 4.9 is similar to Figure 4.8, except that it provides the median annual flows
instead of the mean annual flow. Median flows are lower than the mean flow, but the
distribution by hydrological region and watershed is similar.
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5 ANNUAL INFLOW TO THE GOVERNMENT DAMS

Table 5.1 provides the characteristics of the annual inflow to the government dams, to
the three major water management projects (i.e. the Southern Conveyor Project, the
Khrysokhou Irrigation Project and the Pafos Irrigation Project) and the overall inflow to the
government dams. Figure 5.1 gives the distribution of the inflow between the major water
management projects and the distribution of the inflow in the various dams for each project.
The Southern Conveyor Project inflow is equal to 60 % of the overall inflow to the dams.
Note that no data are available for four dams: Letfkara, Agia Marina, Mavrokolymbos, and
Palekhori-Kambi.

The last column of Table 5.1 gives the dam capacities. The capacities of the dams
highlight in red (pink) are lower than (close to) the mean annual inflow to the dam. The
capacities of the dams highlight in green (blue) are close to (larger than) the 90 % annual
inflow to the dam. As the Arminou dam outflow is diverted since 2000 to the Kouris dam, the
actual inflow to the Kouris dam is equal to the sum of the Kouris dam and Arminou dam
values show on Table 5.1.

Table 5.1: Annual inflow characteristic to the government dams (mcm)

Name | Mean | 50 % | St. Dev. | CV | 10 % | 90 % | Capacity
Overall Cyprus surface runoff 190,3 155,4 125,5 0,66 45,7 377,1
Overall inflow to the dams 127,3 103,2 81,3 0,64 35,0 248 4
Southern Conveyor Project 76,5 64,0 50,6 0,66 17,3 150,5
Arminou dam 18,0 17,3 12,1 0,67 3,3 35,0 4,6
Kouris dam 30,0 26,6 19,5 0,65 8,7 61,3 115,0
Kouris after Arminou diversion 48,0 4.4 31,1 0,65 12,7 96,9 115,0
Polemidhia dam 2,6 1,7 2,0 0,77 0,6 5,5 3,9
Germasogeia dam 13,0 9,8 8,5 0,66 2,5 23,5 13,6
Kalavasos dam 6,4 49 5,3 0,83 0,7 14,5 17,0
Maroni river 2,1 1,5 1,7 0,84 0,2 4,6
Dhypotamos dam 33 23 29 0,90 0,4 6,5 15,0
Lefkara dam No data - - - - - 13,9
Kiti dam 1,3 0,2 1,9 1,47 0,0 3,6 1,6
Khrysokhou Irrigation Project 23,3 19,7 15,9 0,68 7,6 46,6
Kannaviou dam 8,0 7,2 5,9 0,73 2,1 16,3 18,0
Khrysokhou river 1,7 1,3 1,4 0,83 0,2 3,7
Evretou dam 6,4 5,7 42 0,67 1,6 12,5 25,0
Argaka dam 2,6 2,0 2,1 0,81 0,4 5,7 1,2
Yialia river 1,2 1,0 0,7 0,59 0,5 2,1
Agia Marina dam No data - - - - - 0,3
Pomos dam 3,4 2,7 2.4 0,70 0,7 6,4 0,9
Pafos Irrigation Project 14,9 13,2 10,8 0,73 3,5 29,0
Asprokremmos dam 14,9 13,2 10,8 0,73 3,5 29,0 51,0
Mavrokolymbos dam No data - - - - - 2,2
Kalopanayiotis dam 49 4.8 2,2 0,46 2,4 7,7 0,4
Xiliatos dam 2,5 2,7 1,4 0,56 0,6 42 1,3
Palekhori-Kambi dam No data - - - - - 0,6
Tamassos dam 5,2 4,7 32 0,63 1,5 10,3 ?
Paralimni dam 0,2 0,0 0,3 1,69 0,0 0,3 1,4
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6 COMPARISON OF PRESENT RUNOFF VALUES AND RUNOFF VALUES USED FOR THE DESIGN
OF THE DAMS

Table 6.1 gives the mean annual inflows to the dams estimated before the construction

of the dams and, the observed mean annual inflows over the 1971/2000 period.

Table 6.1: Estimated and observed mean annual inflow to the dams

IDam name Mean Annual Inflow (mem) (Comments IReferences
Design 1970/71-
Estimation ~ 1999/2000
Observation

Pomos 5,0 3,3 IMERO simulations based on  [Cyprus Water Planning Project, Water

1917-1967 rainfall time series |[Resources Cyprus, Technical Report,
IUNDP/FAO, 1969, 75 p.

|Agia Marina 1,3 No data  [MERO simulations based on  [Cyprus Water Planning Project, Water

1917-1967 rainfall time series [Resources Cyprus, Technical Report,
IUNDP/FAO, 1969, 75 p.

IArgaka 8,5 2,6 IMERO simulations based on  |Cyprus Water Planning Project, Water

1917-1967 rainfall time series [Resources Cyprus, Technical Report,
IUNDP/FAO, 1969, 75 p.

Evretou 12,0 6,4 2 values are given in the report:Hydro-agricultural Development Khrysokhou
12,9 mem and 11,7 mem, |Area, Feasibility report, Annex 3, WRD,
laccording to two scenarios [UNDP/FAOQ, Nicosia 1981.

K annaviou 9,1 8,0 Based on 1965-1989 time IPafos Water Supply and Ezousa-Dhiarizos
series (from Kannaviou flow [Works Feasibility Study, Interim Report,
gauging station) IAddendum, March 1994, by H. Humphreys and

Partners Ltd.

Mavrokolymbos 3,9 No data [Based on 1917-1970 rainfall  [Cyprus Water Planning Project, Water Control
time series, 2,8 mcm are 70 % [and Management Studies, Pafos Irrigation
dependable IProject, Final Report, Volume I: Report, April

1970, by T. Ingledow & Associates Ltd.

IAsprokremmos 31,8 14,9 Based on 1917-1970 rainfall ~ [Revised Hydrology of Xeropotamos River

31.9 time series, and on 1917-1977 |carried out in 1979 by Water Development
’ rainfall time series IDepartment (WDD)

IArminou 22,7 18,0 Based on 1965-1989 time IPafos Water Supply and Ezousa-Dhiarizos
series from Philousa flow IWorks Feasibility Study, Interim Report,
gauging station IAddendum, March 1994, by H. Humphreys and

IPartners Ltd

K ouris 46,3 30,0 55,5 mem minus 9,2 mem Southern Conveyor Project, Feasibility Study,
upstream use, of which: IVolume 2, Surface Water Resources, Nicosia
IKryos/Khalassa 9,4 mcm, uly 1982, by J.S. Jacovides
IKouris/Khalassa 24 mem and
Zyghos/Khalassa 22,1 mcm

IPolemidhia No data 2,6

Germasogeia 14,0 9,8 14 mem for 50% dry year (i,e, |A hydrological study for the proposed
50% of the years are wetter [Yermasogeia R, reservoir, Nicosia 1965, by E.
than the one), 10,34 for 75% |Dahmen, FAO Associate Expert
dry year and 19,43 for 25% dry

ear

Kalavasos 12,9 6,4 Simulated with MERO, series |Vasilikos-Pendaskinos Project, Feasibility
1917-1973 Study, Volume V1, Kalavasos Dam, Nicosia

|August 1976, by C.C. Artemis

Dhypotamos 9,3 5,4 Consists of 6,4 mcm from \Vasilikos-Pendaskinos Project, Feasibility
Syrkatis & Mylou and 2,9 mem(Study, Volume V2, Dhypotamos Dam, Nicosia
from Khirokitia Diversion |August 1976, by N.P. Stylianou

Lefkara 8,2 No data Lefkara Dam Completion Report, Nicosia May

1978, by C.C. Artemis

Kiti No data 1,3

(Tamassos No data 5,2

Palekhori-Kambi 2,0 No data IPalekhori-Kambi Dam Completion Report,

INicosia January 1976, by V.C. Partassides

Xyliatos 3,0 2,3 Simulated with MERO, series [Pitsilia Integrated Rural Development Project,
1917-1973 (80% probability: [Xyliatos Dam Completion Report, Nicosia July
1,46 mcm) 1984, by C.S. Katsavras

Kalopanayiotis 11,5 5,1 IMERO simulations based on  [Cyprus Water Planning Project, Water
1917-1967 rainfall time series [Resources Cyprus, Technical Report,

UNDP/FAO, 1969, 75 p.
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Most of the design mean or median annual inflows to the dams date back from the 70’s
and 80’s and were estimated using the 1916/17-1969/70 rainfall time series, through the
MERO model. See Objective 1-3 for description of the MERO model. Yet, as it has been
demonstrated in the Objective 1-2 report "Hydrometeorological study examining changes in
recorded precipitation”, a decrease in mean precipitation has occurred around 1970
(Figure 6.1). The report also demonstrates that there is no evidence to prove that the decrease
in precipitation follows a linear downwards trend. It exhibits a “step” in average precipitation,
a phenomenon that has been observed in many places in neighbouring countries at the same
period.

Data used to design the dams
1917-1970
+
24
Recent observations
+ + 1971-2000
g
£ ml+51 + *
5 m s . .o+ +4+
B [ S
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B 1 + +
3 + + +
a * + +
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= + + .
g T + + S - +
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Figure 6.1: Troodos Mountain regional standardised annual precipitation with indication of the mean (m)
and standard deviation (s) for the 1916/17-1969/70 and 1970/71-1999/2000 periods.

The study shows that precipitation decreased by 10 to 20 % between 1916/17-1969/70
and 1970/71-1999/2000. This reduction of mean precipitation has lead to a reduction in the
surface runoff. For each dam we identify the relation between the mean annual inflow and the
mean annual rainfall through a simple regression (see example for Khouris dam in Figure 6.2
and for all the dams in Annex 6.1). Having the mean annual rainfall for the periods 1916/17-
1969/70 and 1970/71-1999/2000, we then use these relations to estimate the mean inflow to
each dam for theses two periods (columns 5 and 6). For the same periods, the mean annual
reduction in the inflow to each dam as well as the mean annual reduction in the rainfall on
each dam’s watershed have been calculated (columns 7 and 8).

Table 6.2 brings up several interesting conclusions. First, the 1970/71-1999/2000 mean
inflows to the dams estimated using the rainfall-runoff relationships (Column 6) are very
closed but a little bit lower than the observed 1970/71-1999/2000 mean inflows (Columns 3).
Second, most of the estimated decreases in inflow due to the reduction in rainfall (Column 7)
are comparable to the differences (Column 4) between the design inflows (Column 2) and the
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observed 1970/71-1999/2000 mean inflows to the dams (Column 3). This proves that the
mean inflows used in the design were properly estimated with the data that were available at
the time of the studies. Third, the design mean annual inflows of the Kannaviou and Arminou
dam are only 12 % and 21 % greater than the observed 1970/71-1999/2000 mean. These
design mean annual inflows were estimated with precipitation data including part of the recent
dry period. In the case of the Argaka, Asprokremmos and Kalopanayiotis dams, the difference
between the design estimation and the 1970/71-1999/2000 observations cannot be explained
only with the rainfall decrease. For these three dams, further analysis should be realised to
determine if up-stream water withdrawal can explain the difference or if other factors have

biased the computation of the design flow.

80 -

annual inflow in mcm

60

50 £

Kouris Dam :

Estimated 1916/17-1969/70 mean

Annual Inflow

VS.

Annual Rainfall

1970/71-1999/2000 annual observations

Observed 1970/71-1999/2000 mean rainfall

40 + + +
E + + Regresion curve
E Flow +
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30+ ¥ +
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Figure 6.2: Relation between annual precipitation and annual inflow to the Kouris dam.

Table 6.2: Mean annual inflow to the dams (mcm)

Design 1971-2000 Difference Estimations with Rainfall Rainfall

Dam name Estimation Observation (Obs-Est)/Est | 1917-1970 1971-2000 Decrease Decrease
(1) @) 3) @) ) ©) (1) @®)

Pomos 5,0 34 -32% 5,1 3,1 -40 % -16 %
Argaka 8,5 2,6 -69 % 4,1 2.3 -45 9% -16 %
Evretou 12,0 6,4 -47 % 9,7 5,7 -42 % -17%
Kannaviou 9,1 8,0 -12% 11,9 7,0 -41 % -15%
Asprokremmos 31,9 14,9 -53% 23,0 13,5 -41 % -16 %
Arminou 22,7 18,0 -21 % 26,2 16,2 -38% -15%
Kouris 46,3 30,0 -35% 41,7 27,7 -34% -13%
Polemidhia No data 2,6 - 3,3 2.3 -30 % -10 %
Germasogeia* 14,0 98 -30% 16,6 12,5 -25% -10%
Kalavasos 12,9 6,4 -51% 10,0 42 -58 % -15%
Dhypotamos 9,3 5,4 -43 % 7,8 4,7 - 40 % -14 %
Kiti No data 1,3 - 1,6 0,9 -41 % -10%
Tamassos No data 5,2 - 8,1 4,7 -42 % -18%
Xyliatos 3,0 2.5 -18% 3,2 2,3 - 26 % -13%
Kalopanayiotis 11,5 5,1 -56 % 6,3 4.8 - 24 % -13 %

* For Germasogeia dam, the design estimation is the median annual inflow.
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7  ANNEXES

Annex 2.1: Rainfall time series statistics over the 1970/71-1999/2000 period

Annex 3.1: Coefficient of determination between the annual pan A evaporation
time-series

Annex 3.2: Observed and estimated (yellow background) annual pan evaporation
Annex 3.3: Mean daily Pan A evaporation
Annex 4.1: Annual flow of the 31 selected watersheds

Annex 6.1: Relation between annual precipitation and annual inflow to the dams
Annex 6.1: Relation between annual precipitation and annual inflow to
the dams
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Annex 3.3: Mean daily Pan A evaporation
Maps prepared by Stelios Pashiardis (Meteorological Service) in 1990
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Annex 3.3: Mean daily Pan A evaporation

Maps prepared by Stelios Pashiardis (Meteorological Service) in 1990
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Annual flow of the 31 selected watersheds

Annex 4.1

Sort by alphabetic order
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Annual flow of the 31 selected watersheds

Annex 4.1

Sort by alphabetic order
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Annual flow of the 31 selected watersheds

Annex 4.1
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Annex 4.1: Annual flow of the 31 selected watersheds
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Annual flow of the 31 selected watersheds
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Annex 4.1: Annual flow of the 31 selected watersheds
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Annual flow of the 31 selected watersheds

Annex 4.1

Sort by alphabetic order
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Annual flow of the 31 selected watersheds

Annex 4.1
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Annex 4.1: Annual flow of the 31 selected watersheds
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station 31170
0,9375

r2

Xeros River annual flow

Sort by alphabetic order
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Annex 4.1: Annual flow of the 31 selected watersheds
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Annex 6.1: Relation between annual precipitation and annual inflow to the dams

Sort by alphabetic order
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Annex 6.1: Relation between annual precipitation and annual inflow to the dams
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Annex 6.1: Relation between annual precipitation and annual inflow to the dams
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Annex 6.1: Relation between annual precipitation and annual inflow to the dams
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Annex 6.1: Relation between annual precipitation and annual inflow to the dams
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