ABSTRACT

In this study, 10 main ephemeral rivers of North@art of Cyprus has been
modelled and analyzed. The basin areas of thesesriare drained from the Troodos
Mountains, who receives the maximum precipitatiates all over the Cyprus. Since the
upstream of all these rivers are drained from #imaesor similar sources, the correlation
between these rivers is investigated by Kendakkr®gan and Pearson correlation methods.
The results support the good correlation betweenritrers, with decreasing trend as the
distance between them increases. The monitored dima from 1965’s to 2000, for each
river, has been analysed by stochastic modelliolgrnigues such as autoregressive models
in the first, second and third orders. The reswkse than used to predict the future flow
estimates for these rivers. The prediction of fatflows were modelled by AR (10), AR
(12), AR (14), AR (15) autoregressive models, inchitdata prediction for 2030 has been
obtained. The results show that in between 2002201 2018-2021 the peak flows will
probable to occur in the northern drainage aredsaddos Mountains.

The importance of the stochastic modelling of thesers is believed to be a
helpful study for the future development, plannargl management of water resources of
the area.
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Oz

Bu calsmada Troodos dgarindan mevsimsel akigosteren 10 dere modellenip
incelendi. Bu dereler tim Kibrista maksimumgigaalan yerler olup, havza alanlar
Troodos dglarinda bulunur. Bu dereler ayni veya benzeri ktaraaktiklari icin, dereler
arasindaki igki Kendall, Sperman, Pearson korelasyon metodlaltatilarak incelendi.
Dereler arasinda iyi bir ki oldugu sonucuna varildi ve dereler arasindaki mesati&gat
ili skinin azaldgl gozlendi. 1965-2000 yillar1 arasindaki gozlesaiimlar her bir dere icin
stokastik modelleme tekniklerinden birinci, ikinee tclinct otoregresif modellerle elde
edildi. Daha sonra sonugclar derelerdeki gelecekbakin tahmininde kullanildi. AR (10),
AR (12), AR (14), AR (15) otoregresif modelleri ge€k akim verilerin bulunmasinda
kullanildi. 2030 yilinin akim verisi elde edildio®uclar Trodos ddarinin kuzey drenaj
alaninda 2009-2012 ve 2018-2021 yillar1 arasinda gk deserlerinin olgacaini
gOsteriyor.

Bu derelerin stokastik modellemesinin dnemi, sunkdyari alaninin gelegain

gelismesi, planlanmasi veletiimesinde yardimci bir kaynak olguna inaniimaktadir.

Anahtar soézcukler: Akarsu, Kibris, otoregresif mtetee, stokastik modelleme, Trodos
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CHAPTER 1
INTRODUCTION

The objective of this study is to identify the magipropriate type of model of the
yearly flows draining from Troodos Mountains foetparticular case, estimating the future
yearly flows to take precautions from any floodadi®ers and to investigate potential
capacities of dam construction at the downstreanTrobdos Mountains. This will be
achieved via autoregressive models, working iredéit orders.

In recent years, there has been considerable shté@rebuilding models which
preserve the autocorrelation structure of the ofasiens. Systematic study of the
autocorrelation function has led to the specifamanf stochastic models which can be used
for prediction and generation of hydrologic seqesnSeveral types of stochastic models
have been proposed during the last two decaddbdamtochastic modelling of hydrologic
time series in general, and stream flow time sengmrticular.

Hence, an important problem in stochastic hydrolisgy select or identify the type
of model for representing the hydrologic time seri;n common practice such model
identification is usually done by judgment, expede, or personal preference. In some
cases, though, the statistical properties of th&wa alternative models as well as the
statistical characteristics of the sample time eserare used for identifying the most
appropriate type of model for the particular cdses, of course desirable that in addition
to the above factors, physical considerations rhestsed for aiding in the identification of
the model type (Salas & Smith, 1981).

Actually the exact mathematical models of a hydyaotime series are never
known. The suitable model is only estimation. Tkaat model parameters are also never
known in hydrology; they must be estimated fromitgd data. Identification of models
and estimation of their parameters from availalate@a dre often referred in the literature as
time series modelling or stochastic modelling affmjogic series (Salastal., 1981).

Almost all hydrologic time series of daily, weekbnd monthly values have
deterministic components occurring due to astrosowycle and therefore they are
periodic-stochastic series in nature; on the otta@rd none of the hydrologic time series
are purely deterministic or periodic. The deterstioi components in time series can be
mainly classified as transient components (tremkjamps) and periodic components. If

the yearly flow series haven't transient compongethisy are assumed as stationary. If the



time interval get closer (season, month, week, ,d&yan there will be a periodic
component and the flow series will not be statigri8ayazit, 1996).

Future prediction of the purpose of constructing stochastic models is to generate
synthetic processes. With the use of generatedepses, it can be possible for the
investigations of planning and management of we#sources to consider for flows not
only the observed sample but also the other sampleish come from the same
population. So, the system behaviour can be iny&sdl not only according to the
available sample but also with aid of syntheticese(Bayazit, 1981).

The first chapter contains information for the refatb follow the content of the
thesis. The second chapter gives information abmimodel used in the thesis. The new
technologies and investigations which has been dgines knowledge about new
modelling systems and compare different models dghemodel to get advantage or
disadvantage of a model. The third chapter is a@@abdos Mountains drainage area
characteristics such as surface water, climatdpgg@nd soil. The fourth chapter explains
correlation and types of correlation. How to usedtiiesis test with correlation? The fifth
chapter is the main subject and gives informatiowl &nowledge about time series
modelling. The sixth chapter explains the relatioetween ten rivers draining from
Troodos Mountains. The regression model used sdhidy is a set of simple exponential
regression equations that can appropriately definetationship of Rainfall-Runoff event.
Secondly explains the relation between synthetjuseces and surface runoff of ten rivers
lastly gives the results of synthetic sequencespaiedicted synthetic sequences which are

obtained from annual surface runoff of ten rivers.



CHAPTER 2
LITERATURE REVIEW

Linear stochastic methods of time series analysisdelling and forecasting,
such as the autoregressive (AR), autoregressiveingoaverage (ARMA) and
autoregressive integrated moving average (ARIMA)ehdeen widely used in
hydrologic time-series data analysis and forecgdiikbrahant & See, 2000; Mishet
al., 2004; Wanget al, 2005). Tools such as stochastic models, engngpdénzzy set
theory models, artificial neural networks, k-neamsighbours, neural fuzzy networks,
chaotic theory models, support vector machine nsodelhybrid models, appear too
complex or too demanding in terms of data and messufor widespread practical
applications (Jakeman, 1993). Thus, simpler appresgcoffered by the most important
and widely used ARMA family models, appear to destmie a good ability in
explaining the short and medium-term stochasticgsses of hydrologic time series in
comparison to the above models (Abrahant & SeeQ;2B@vang, 2001; Chen & Wu,
2003).

Many data driven models, including linear, nonpatia or non-linear
approaches, are developed for hydrologic dischéinge series prediction in the past
decades (Marquest al, 2006). Generally there are two basic assumptiwhge
modelling with different techniques. The first asgion suggests that a time series is
originated from a stochastic process with an itdimumber of degree of freedom.
Under this assumption, linear models such as agitessive (AR), autoregressive
moving average (ARMA), autoregressive integratedving average (ARIMA), and
seasonal ARIMA (SARIMA) had made a great success/er flow prediction (Carlson
et al, 1970; Salastal., 1985; Haltiner & Salas, 1988; Yu & Tseng, 19B6thyari &
Singh, 1999; Huanegt al, 2004; Mariaet al., 2004). The second assumption suggests
that a random looking hydrologic time series isict from a deterministic dynamic
system such as chaos. In the past two decadess tlz@d stream flow prediction
techniques have been increasingly obtaining intere$ the hydrology community
(Jayawardena & Lai, 1994; Jayawerdana & Gurung02@shorbagyet al., 2002;
Wangetal., 2006b). On the other hand, still there are sdmts that have been raised
in literature in terms of the existence of chaowydrologic data (Ghilardi & Rosso,
1990; Koutsoyiannis & Pachakis, 1996; Pasterna@R91Schertzeetal., 2002; Wang

etal., 2006a). Generally, the prediction techniquesafdiynamic system can be roughly



divided into two approaches; local and global. Lamproach uses only nearby states to
make predictions where as global approach invadllebe states. Engineering fuzzy set
theory models, artificial neural networks, k-neamsighbours, neural fuzzy networks,
chaotic theory models, support vector machine nsodel hybrid models are some
typical forecast methods for dynamic systems (Wetrad., 2006b; Sivapragasaetal.,
2001; Laioet al., 2003). Phase space reconstruction (PSR) is @mdéion before
performing any predictions of the dynamic systerypidal methods involved in PSR
are correlation integral, singular value decompasiof the sample covariance matrix,
false nearest neighbours (FNN) and true vectodsiéGrassberger & Procaccia, 1983;
Abarbanektal., 1993).

In long or short-term river operation studies, riflow data estimation and
monitoring is an important parameter. One of thenwmn methods employed is based
on using past observed data and forecasting risehdrge in the future or using time
series analysis. For more than half century, Baxils methodology using ARMA
linear models have dominated many areas of timessésrecasting. Box and Jenkins
(1970) made ARMA models popular by proposing a rhdaelding methodology
involving an iterative three stage process of ma@d#tction, parameter estimation and
model checking. Recent explanations of the prooéten add a preliminary stage of
data preparation and final stage of model appbecaor forecasting) (Makridakist al,
1998).

The problem of estimating the order and the parareedf a model such as
ARMA is an active area of research (Chan, 1999;z8du Neto, 1996; Tsay & Tiao,
1984). When modelling linear and stationary timdese one frequently chooses the
class of ARMA models because of its high perforneaaied robustness.

In recent years, artificial neural networks haverbavestigated to substitute the
ARMA models in estimating time series data. Abrahemd See (2000) compared
ARMA models to artificial neural network (ANN) fdorecasting river flow data for
two contrasting catchments. The relative perforreabetween the ANN and ARMA
forecasts were quite similar at each station usmgmon data inputs. Applications of
ARMA models in short term rainfall prediction foeal-time flood forecasting was
investigated by Tottet al (2000). They used three models including ARMA, MBI
and nearest-neighbour approaches. Hwarng (2001pa@d an ARMA [§, 90 model

with an ANN to forecast time series. He presentesbiammary of other researcher’s



work and concluded that ANN'S are not better theaditional ARMA models in
performance if there is no non-linearity in theaddt is important to note that in the
literature of time series forecasting with artidicheural network (ANN), the ARMA
model is used as a benchmark to test the effe@sseinf the proposed methodology
(Hwang, 2001; Tsengt al, 2002). Chenowetét al. (2000) showed that an ANN is not
able to estimate the order of ARMA models accuyatgien the number of data points
is less than 100. Rojast al (2008) investigate a hybrid methodology that coreb
ANN and ARMA models and resolve one of the mostangnt problems in time series
using ARMA structure and Box-Jenkins methodologpg identification of the model.
Comparative studies on the above prediction tectmsghave been further
carried out by many researchers. Sivakugtaal (2002) found that the performance of
the KNN approach was consistently better than ANN short term river flow
prediction. Laioet al (2003) carried out a comparison of KNN and ANN fimod
predictions and found that KNN performed slightlstter at short forecast time while
the situation was reversed for longer time. Sirylafu et al (2004) proposed that
KNN performed worse than ARIMA on the basis of gatream flow prediction. Wu
and Chau (2010) compare four forecast models, ARMMNN, KNN and ANN-PSR
and develop an optimal model for monthly streamvflarediction. The conclusions in
literature are very inconsistent. It is difficutt justify which modelling technique is

more suitable for a stream flow forecast.



CHAPTER 3

NORTHERN PART OF CYPRUS, TROODOS MOUNTAINS DRAINAGE
AREA CHARACTERISTICS

3.1 Overview of surface water

Cyprus is an island with a long history dating baekeral thousands of years
before Christ. Its civilization, examples of whiahe abundantly manifest throughout
the island, has been one of the world’s most domif@ hundreds of years .Water has
ever since been utilized both for domestic angation purposes and there are cases of
lengthy conveyors made up of canals and aquedustseging water from distant
springs to cities, such as the case of the ancignbf Salamis which was supplied with
water from the Kythrea Spring, lying at a distan€about 35 km (Kontetis, 1974).

Unfortunately, Cyprus has no rivers of perennialvl Most rivers flow only
during the winter and spring months, so that noeddpble supplies can be obtained
from them without storage. In the case of grounedwat is found in most parts of the
island, usually polluted due to anthropogenic aediggic means. With these problems
in the ground and surface water development, thssipiity for surface water
development through the construction of storagervesrs presents many technical and
economic problems such as poor topography and ggol€onsequently, the
construction of dams in days before the developmosémhodern machinery and dam
techniques was a tough proposition. Although ireoitountries of similar or even less
civilization favourable topographic and geologic ndiions made possible the
construction of dams very early in history, in Qygrfor the reasons mentioned, this
had not become possible until recent years (KoisteE274).

On the other hand, the disadvantages pointed otihéoperennial characteristics
of rivers were unreliable runoff, heavy sedimeransiport and adverse effects on
downstream water rights and on natural groundwegeharge through river beds.
Therefore, important irrigation works the constioictof dams were instead carried over
via aquifer pumping works producing water at lethsee times cheaper than surface
water storage facilities, dams. However, in the thescade, aquifers have been badly
over pumped with a consequential depletion andasgar intrusion in many parts like

Famagusta and Morphou aquifers.



In the coming decade the growing demand for irregatdomestic, industrial
and tourism, led the scientist to embark on altéreaor integrated water resources
plans.

In searching for a new alternative, the limitinghdidions such as topography,
geology, hydrology, water capacity and requiremshtsuld be carefully assessed.

Available surface water resources like river flowsnbe accurately studied and
assess, for the hydrological point of view.

Unfortunately, in Northern part of Cyprus accurdiieect measurements of river
flows have not been carried since last 40 yearsh®mther hand, precipitation data for
the last 80 years can be achieved from State Mdtegpcal Department.

Therefore, for surface water planning one can oslyhydrological studies and
use indirect methods to estimate surface runoffvéir, it is vital to rely on real river
flow observations while designing water resourdesctures for irrigation or domestic

purposes.

3.2 Overview of Cyprus weather

Cyprus has an intense Mediterranean climate wightypical seasonal rhythm
strongly marked with respect to temperature, pretipn and weather in general. Hot
dry summers from mid-May to mid-September and ranayher changeable, winters
from November to mid-March are separated by shottiran and spring seasons of
rapid change in weather conditions. The typicaluahdistribution of the mean monthly
precipitation hydrologic years between 1916/1917989/2000 in Cyprus is shown in
Fig 3.1 (Rossel, 2001).
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Figure 3.1 The typical annual distribution of thean monthly precipitation hydrologic years between
1916/17 to 1999/2000 in Cyprus (Station: 110ahyRossel, 2001).



The central Troodos massif, raising to 1951 matarss.l., and to a less extent
the long narrow Kyrenia mountain range, with peakabout 1000 meters a.m.s.l. play
an important part in the meteorology of Cyprus. phedominantly clear skies and high
sunshine amounts give large seasonal and dailgrdiftes between temperatures of the
sea and the interior of the island that also causesiderable local effects especially
near the coasts.

The average precipitation from December to Febriaing about 60% of the
annual total is the main reason of ephemeral disribution all around the island.

The average precipitation for the year as a wiokbiout 500 mm but it was as
low as 182 mm in 1972/1973 and as high as 759 mr9%68/1969. The average
precipitation refers to the island as a whole amvkcs the period 1961-1990. Statistical
analysis of precipitation in Cyprus reveals a daseeof precipitation amounts in the last
30 years.

The mean annual precipitation increases up on thehavestern windward
slopes from 450 millimetres to nearly 1100 millimest at the top of the central massif.
On the leeward slopes amounts decrease steadilywads and eastwards to between
300 and 350 millimetres in the central plain anelftat south eastern parts of the island.

The narrow ridge of the Kyrenia range, stretchi@gk8ometres from west to
east along the extreme north of the island, pragluceaelatively small increase of
precipitation to nearly 550 millimetres along iidge at about 1000 metres a.m.s.l.

Precipitation in the warmer months contributeslelitor nothing to water
resources and agriculture. The small amounts #iaaife rapidly absorbed by the very
dry soil and soon evaporated by high temperatunes law humidity. Autumn and
winter precipitation, on which agriculture and watsupply generally depend, is
somewhat variable. About 60% of annual precipitati® recorded during the winter
months (Rossel, 2001).

Statistical analysis of the records available aber period of the hydrological
years 1918-2008 shows that the precipitation tierees displays a step change around
1970 at Northern part of Cyprus and can be divitéd two separate periods. From
1918 to 1970 the increase in precipitation recatuswv positive deviations from mean
annual average values, where as after 1970 thimtamv has shown that there is a
decreasing trend on the precipitation rates of INort part of Cyprus (Gokceket al,
2009).
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Figure 3.2 Cumulative departures from the averageial precipitation in Northern part of Cyprus. (jnm
(Gokceky et al 2009).

3.3 Troodos Massif northern drainage area

Eighty percent of surface runoff in Cyprus is geted in the Troodos
Mountains. The seasonal distribution of surfaceofufollows the seasonal distribution
of precipitation, with minimum values during thexsmer months and maximum values
during the winter months. As a result of the eashediterranean climate with long hot
summers and a low mean annual precipitation, thezeno rivers with perennial flow
along their entire length. Most rivers flow 3 tanbnths a year and are dry during the
rest of the year. Only parts of some rivers upstrea the Troodos areas have a
continuous flow. Most rivers have a rather ste@peslexcept for the rivers in the low
land areas (Klohn, 2002).

The flow of the rivers at the Northern part of Qypris usually characterized
with relatively short term flows due to rains. Hoxee, the rivers originating from the
Troodos Mountains are more regular and have confitam due to high precipitation.
Ten of the main rivers in the Northern part of GQygproriginating from the Troodos
Mountains are carrying an estimated average of &2 of water annually (DSI, 2003).

However, this annual precipitation value is estedatia theoretical calculations
such as production of synthetic unit hydrographs.itAis mentioned before real river

flow observations must be gathered in order to ble & design, water resources



structures on those rivers. Therefore, since moghese rivers are controlled and
monitored at their upper reaches, it would be melieble to use these data and predict
future flow rates for those 10 rivers. The estirdatew rates of 10 rivers are given in
Table 3.1 (DSI, 2003).

Table 3.1 Ten main rivers originating from Troodwsuntains (DSI, 2003).

River code River name Catchment name Annual averagsurface
runoff (mcm)

1.1 Yeilirmak (Limnitis)  Yesilirmak (Limnitis) 10,5
1.3 Yedidalga (Kambos)  Yedidalga (Kambos) 2,7
15 Maden (Xeros) Maden (Xeros) 9,6
1.6 Lefke (Marathasa) Lefke (Marathasa) 10,0
1.7 Camh (Karyotis) Camli (Karyotis) 13,8
1.8 Cakil (Atsas) Cakil (Atsas) 3,5
1.9 Dazanci (Elea) Dganci (Elea) 9,5
1.11 Guzelyurt (Serakhis)  Gulzelyurt (Serakhis) 16,1
2.1 Kanli (Pedios) Kanli (Pedios) 11,4
2.5 Cakilh (Yialias) Cakilh (Yialias) 51

All 10 rivers 92,2

10



3.3.1 Data analysis

The study area covers the north-west part of Cypklighe rivers are draining
from Troodos Mountains. Between 1965-1993 flowseobations on these rivers were
made on a limited number of times. These data \ea#ahle on Kypris and Neophytou
(1994). However the gaps on these have been caedpbst the data gathered from the
report on surface water resources Rossel (2002sdhwo data sources are than
reviewed and the final data river flow data tal#es created, covering river flow data of
10 rivers from 1965 to 1999. Table 3.2 gives theash gauge stations on these rivers
and their identification.

Table 3.2 Table of thstream gauge station identification (DHW, 2006).

Station number Station name Drainage Number of years of
area(km?) data
128301810 Limnitis 90,69 33
131101770 Xeros 94,97 29
132103085 Marathasa 91,91 26
133304195 Karyotis 93,55 34
134204790 Atsas 64,66 34
135407440 Elea 162,51 34
137108550-137311690 Peristerona and Akaki  737,45* 4 3
161113185 Pedios 867,14 24
165115385 Yialias 598,39 29

* 737.45 knf represents the total drainage area of SerakhisrRivkich covers the watersheds of
Peristerona and Akaki Rivers.
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3.4 Characteristics of water resources data

Data analyzed by the water resources scientish tide the following characteristics
(Helsel & Hirsch, 1991).

1. A lower bound of zero. No negative values arssfie.

2. Presence of ‘outliers’, observations considegrddijher or lower than most of the
data, which infrequently but regularly occur. Oeiti on the high side are more
common in water resources.

3. Positive skewness, due to items 1 and 2. An planf a skewed distribution, the log
normal distribution, is presented in Fig. 3.3. \&wf an observation on the horizontal
axis are plotted against the frequency with whibht tvalue occurs. These density
functions are like histograms of large data setssghbars become infinitely narrow.
Skewness can be expected when outlying values ataurly one direction.

4. Non-normal distribution of data, due to item8 &bove. Fig. 3.4 shows an important
symmetric distribution, the normal. While many sti#tal tests assume data follow a
normal distribution as in Fig. 3.4, water resourdata often look more like Fig. 3.3. In
addition, symmetry does not guarantee normalitym@gtric data with more
observations at both extremes (heavy tails) thaarsdor a normal distribution are also
non-normal.

5. Data reported only as below or above some tbtds{tensored data). Examples
include concentrations below one or more detediioits, annual flood stages known
only to be lower than a level which would have eala public record of the flood, and
hydraulic heads known only to be above the lanthsar(artesian wells on old maps).
6. Seasonal patterns. Values tend to be high@waerlin certain seasons of the year.

7. Autocorrelation. Consecutive observations temdbé strongly correlated with each
other. For the most common kind of autocorrelationwater resources (positive
autocorrelation), high values tend to follow higllues and low values tend to follow
low values.

8. Dependence on other uncontrolled variables. &&latrongly cover with water

discharge, hydraulic conductivity, sediment graae sor some other variable.
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Figure 3.4 Probability density functions for a natrdistribution (Helse& Hirsch, 1991).

3.4.1 Measures of location

The mean and median are the two most commonly-umsasgures of location.

The meany) is computed as the sum of all data valMgedivided by the sample
sizen:

L= ZXT (3-1)

The median, 060" percentilePy 50, is the central value of the distribution when
the data are ranked in order of magnitude. For doh mumber of observations, the
median is the data point which has an equal nurobebservations both above and
below it. For even number observations, it is theerage of the two central
observations. To compute the median, the obsensatwe arranged from smallest to

largest, so thaX; is the smallest observation, upXg the largest observation. Then
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Median (P,g,) = X;*l whenn is odd, and (3-2)

X, +X,
— —+1

Median (P,g,) = % whenn is even (3-3)

The median is only minimally affected by the magdé of a single observation,
being determined solely by the relative order o$eslations. This resistance to the
effect of a change in value or presence of outlyabgervations is often a desirable
property (Helsel & Hirsch, 1991).

3.4.2 Measures of spread

It is just as important to know how variable thdéadare as it is to know their
general center or location. Variability is quarmifiby measures of spread.

The sample variance, and its square root the sast@helard deviation, are the
classical measures of spread. Like the mean, thegteongly influenced by outlying
values (Helsel & Hirsch, 1991).

n — 2

or=> (X, = 4) Sample variance (3-4)
=z (=1

o=+o? Sample standard deviation (3-5)

3.4.3 Measures of skewness

Hydrologic data are typically skewed, meaning ttetia sets are not symmetric
around the mean or median, with extreme valuesdkig out longer in one direction.
The density function for a lognormal distributiomosvn previously in Fig. 3.3
illustrates this skewness. When extreme valuesextiee right tail of the distribution,
as they do with Fig. 3.3, the data are said to kewved to the right, or positively
skewed. Left skewness, when the tail extends tdefihes called negative skew.

The coefficient of skewnesg)(is the skewness measure used most often. It is
the adjusted third moment divided by the cube @f standard deviation (Helsel &
Hirsch, 1991).
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3.5 Summarizing measured data
One of the most frequent tasks when analysing datéo describe and

summarize those data in forms which convey thepartant characteristics “What is
the flow rate of a river?” ,“"How variable is sedintéransport?” ,“What is the 100 year
flood?” Estimation of these and similar summaryistas are basic to understanding
sample data. Statistics computed from the sampke at@ only inferences or estimates
about characteristics of the data, such as locaspread and skewness. Measure of
location is usually the sample mean and sampleanetMeasures of spread include the
sample standard deviation. The characteristics aih dften describe selection of
appropriate data analysis procedures of the sarptlis study all these measures are
calculated for the 10 rivers under the considenati@ble 3.3 summarizes the results of

these measuring studies.

Table 3.3 Surface runoff statistics of 10 rivers.

Limnitis (Station: 12830181( Xeros(Station: 13110177(

Number of datasN) 33 Number of datad\j 29
Mean (1) 10,60 mcm Meany) 5,15 mcm
Median o 50 8,67 mcm MedianH} sq) 5,00 mcm
Standard Deviatiomn 6,56 mcm Standard Deviation)( 2,67 mcm
Variance ¢ ?) 43,04 mcm  Variance() 7,12 mcm
Skewnessd) 0,54 Skewnesg) 0,30
Minimum (min) 1,50 mcm Minimumiin) 0,74 mcm
Maximum (nay 25,55 mcm Maximumniax) 10,75 mcm

Marathasa (Station: 13210308E

Karyotis (Station: 13330419¢

Number of datasN) 26 Number of datasN) 34
Mean (1) 6,19 mcm Mean () 10,92 mcm
Median @o 50 6,11 mcm Median €o 50 9,39 mcm
Standard Deviatioroj 3,40 mcm  Standard Deviatiorp{ 6,73 mcm
Variance ¢ ?) 11,56 mcm Variance ¢ ?) 45,30 mcm
Skewnessg) 1,30 Skewnessd) 1,62
Minimum (min) 1,14 mcm  Minimum (min) 2,04 mcm
Maximum max 17,48 mcm Maximum (max 35,93 mcm
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Table 3.3 (Continuous) Surface runoff statisticd @fivers.

Atsas (Station: 13420479(

Elea (Station: 13540744(

Number of datasN) 34 Number of datasN) 34
Mean (1) 1,62 mcm Mean (1) 5,53 mcm
Median ;50 0,99 mcm Median o 50 4,55 mcm
Standard Deviatiorv 2,22 mcm  Standard Deviatiorp{ 5,46 mcm
Variance ¢ ?) 4,93 mcm Variance ¢ ?) 29,78 mcm
Skewnessd) 2,54 Skewnessd) 2,10
Minimum (min) 0,01 mcm  Minimum (min) 0,11 mcm
Maximum (nay 9,54 mcm Maximum (max 27,23 mcm
Peristerona (Station: 13710855( Akaki (Station: 13731169(

Number of datasN) 34 Number of datas\j 34
Mean (1) 12,91 mcm Meany) 10,46 mcm
Median o 50 11,59 mcm MedianHp sq) 9,75 mcm
Standard Deviatiorp{ 7,89 mcm Standard Deviation)( 8,59 mcm
Variance ¢ ?) 62,29 mcm  Variance®) 73,84 mcm
Skewnessd) 1,13 Skewnesgy) 2,10
Minimum (min) 1,67 mcm Minimumthin) 0,76 mcm
Maximum max) 38,97 mcm Maximumnax 45,02 mcm
Pedios Station: 16111318t Yialias (Station: 16511538¢

Number of datasN) 24 Number of datas\j 29
Mean (1) 4,42 mcm Meany) 4,04 mcm
Median o 50 3,75 mcm MedianHj sq) 2,82 mcm
Standard Deviatiorp 2,82 mcm Standard Deviation)( 3,45 mcm
Variance ¢ 9 7,92 mecm  Varianceo() 11,89 mcm
Skewnessd) 1,26 Skewnesg) 1,17
Minimum (min) 0,93 mcm Minimumthin) 0,48 mcm
Maximum may 12,88 mcm Maximumniax) 13,14 mcm
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CHAPTER 4
CORRELATION

Correlation is the measure of the strength of asson between the two
continuous variables. Of interest is whether ongabée generally increases as the
second increases, whether it decreases as thedsecoeases, or whether their patterns
of variation are totally unrelated. Correlation s@@s observed co-variation. It does
not provide evidence for causal relationship betwthe two variables. One may cause
the other, as precipitation causes runoff. They alay be correlated because both share
the same cause, such as two solutes measured atesy vof times or a variety of
location. Evidence for causation must come fronsidet the statistical analysis from
the knowledge of the processes involved (Helseli&dth, 1991).

“ p” is a measure of correlation which depends on dakaes of the population,

the mean and the standard deviation of the populatank values of the population and
the monotic dependence of one population on othigch as Kendall's correlation
method, Sperman’s correlation method and Pearsmmiglation method. Measures of
correlation have the characteristic of being dinmmess and scaled in the range

1< p <-1. When there is no correlation between two védembpo=0. When one
variable increases as the second increggess positive. When they vary in opposite
directions, p is negative. The significance of the correlatienevaluated using a
hypothesis test.
Ho: 0=0 versuHi: p 0

When one variable is a measure of time or locatwonielation becomes a test
for temporal or spatial trend (Helsel & Hirsch, 199

4.1 Hypothesis test
Hypothesis tests which assume that the data hayartcular distribution
(usually a normal distribution, as in Fig. 3.4) aa&led parametric tests. Since the
information contained in the data is summarizecpbsameters, usually the mean and
standard deviation, and the test statistic are cbeapusing these parameters.
Hypothesis tests not requiring the assumption theta follow a particular
distribution are called distribution-free or norrp@etric tests. Information is extracted
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from the data by comparing each value with all mtheather than by computing
parameters (Helsel & Hirsch, 1991).

4.1.1 Prediction intervals

The question is often asked whether one new obsanvis likely to have come
from the same distribution as previously colledliedl, or alternatively from a different
distribution. This can be evaluated by determinwligether the new observation is
outside the prediction interval computed from e@rgtdata. Prediction intervals contain
100*(1-«) percent of the data distribution, while 1@0percent are outside of the
interval. If a new observation comes from the salms#&ibution as previously measured

data, there is a 10@*percent chance that it will lie outside of thedicéion interval.

4.1.2 One-sided prediction intervals

One sided prediction intervals are appropriatéef interest is in whether a new
observation is larger than existing data, or smahian existing data but not both. The
decision to use a one-sided interval must be bastgely on the question of interest. It
should not be determined after looking at the dathdeciding that the new observation
is likely to be only larger, or only smaller, thexisting information. One sided intervals
useo rather tham/2 as the error risk, placing all the risk on ormgef the interval
(Fig. 4.1) (Helsel & Hirsch, 1991).

1-«
Confidence lewel

FREQUENGY OF OCCURRENCE

-4——— Prediction Interwal —-‘HU

Figure 4.1 One-sided prediction intervals (Het&eHirsch, 1991).
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4.1.3 Two-sided prediction intervals

The prediction interval of confidence lewelis simply the interval between the
a/2 and 1-¢/2) percentiles of the distribution (Fig 4.2). Timgerval contains 100*(1)
percent of the data, while 10@percent lies outside of the interval. Thereforén& new
additional data point comes from the same distidiouas the previously measured data,
there is a 100 percent chance that it will lie outside of thedgyetion interval (Helsel
& Hirsch, 1991).

1 -«

N2
IR

Confidence level

FREQUENCY OF QCCURRENCE

h Predicon nterval —— 4

Figure 4.2 Two-sided prediction intervals (Hel&eHirsch, 1991).

4.1.4 Decide on an acceptable error rate

The o values, or significance level, is the probabibfyincorrectly rejecting the
null hypothesis (rejectinglo when it is in fact true, called arype lerror”). Fig. 4.3
shows that this is one of four possible outcomea bf/pothesis test. The significance
level is the risk of alype |error deemed acceptable by the decision makes. dt
“management tool” dependent not on the data, buthenobjectives of the study.
Statistical tradition uses a default of 5% égrbut there is no reason why other values
should not be used. Let’'s suppose that an expenkaaup process will be mandated if
the null hypothesis of “no contamination” is rett for example. The-level for this
test might be set very small (such as 1%) in otdeninimize the chance of needless
cleanup costs. On the other hand, suppose thevésssimply a first cut at classifying
sites into “high” and “low” values prior to furthe@malysis of the “high” sites. In this
case thei-level might be set to 0.10 or 0.20 (Helsel & Hirs&991).

Sincea represents one type of error, why not keep itnaallsas possible? One
way to do this would be to never rejéts a would than equal zero. Unfortunately this
would lead to large errors of a second type, fgitm rejectHo when it was in fact false.

This second type of error is calledTgpe Il error, or lack of power (Fig 4.3). Both
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errors are of concern to practitioners, and both kave some finite probability of
occurrence unless decision to “always reject” oever reject” are made. Once a
decision is made as to an acceptabige | risk a, two steps can be taken to
concurrently reduce the risk df/pe Ilerrorp.

1. The sample sizeincreases.

2. The test procedure with the greatest powerfetype of data being analyzed.

For water quality applications, null hypotheses awmsually of “no
contamination” situations with low power that adtu@ntamination may not be
detected. This happens with simplistic formulasdetermining sample sizes. Instead,
probabilities ofType Il errors should be considered when setting sampée Biower is
also sacrificed when data having the charactesistiatlined are analyzed with tests
requiring a normal distribution. Power loss incesags skewness and the number of

outliers increase (Helsel & Hirsch, 1991).

Unknown True Situation
Hois true His false

Fail to Correct decision Type Il error

Reject
S Ho Prob (correct decision)=d- Prob (Type Il error)8
)
g Reject Type | error Correct decision

Ho

Prob (Type | error= Prob (correct decision)=f-
Significance level Power

Figure 4.3 Four possible results of hypothesisriggHelsel& Hirsch, 1991).

4.1.5 Compute the test statistics from the data

Test statistics summarize the information contaimedhe data. If the test
statistic is not unusually different from what igpected to occur if the null hypothesis
is true, the null hypothesis is not rejected. Hoereuf the test statistic is a value
unlikely to occur whermHgis true, the null hypothesis is rejected. Tealue measures
how unlikely the test statistic is whéhis true (Helsel & Hirsch, 1991).
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4.1.6 Compute thep value

The p-value is the probability of obtaining the computedt statistic, or one
even less likely, when the null hypothesis is titiés derived from the data, concisely
expressing the evidence against the null hypothasisained in the data. It measures
the “believability” of the null hypothesis .The sihea the p-value, the less likely is the
observed test statistic wheh is true, and the stronger the evidence for rejaabithe
null hypothesis. The-value provides more information the strength o Htientific
evidence (Helsel & Hirsch, 1991).

4.2 Kendall's correlation method

Kendall’s correlation method (Kendall, 1938 and Haih 1975) measures the
strength of the monotonic relationship betweeandy. The model is a rank based
procedure and is therefore resistant to the effeatsmall number of unusual values. It
is well suited for variables which exhibit skewnessund the general relationship.
Since the correlation coefficient of Kendall’s aation method depends only on the
ranks of the data and not the values themselvesanitbe implemented even in cases
where some of the data are censored, such as ¢oataars known only as less than the
reporting limit (Helsel & Hirsch, 1991).

Kendall’ correlation coefficient generally is lowtran values of the traditional
Pearson’s correlation coefficient for linear asations of the same strength. “Strong”
linear correlations of 0.9 or above correspond émdiall’s correlation coefficient values
of about 0.7 or above. These lower values do ncanmtbat Kendall's correlation
coefficient is less sensitive than Pearson’s cati@t coefficient, but simply that a
different scale of correlation is being used. Kdhdarrelation coefficient is easy to
compute by hand, resistant to outliers, and measalfenonotonic correlations (linear
and nonlinear). Its large sample approximation peced p values very near exact
values, even for small sample sizes. As it is & i@rrelation method, is invariant to
monotonic power transformations of one or both atdgs. For example, Kendall's
correlation coefficient of logf versus log{) will be identical to that of versus logx),
and ofy versusx (Helsel & Hirsch, 1991).
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4.2.1 Computation

Kendall’s correlation coefficient is most easilyngouted by first ordering all
data pairs by increasing If a positive correlation exists, thés will increase more
often than decrease asncreases. For a negative correlation,yfsewill decrease more
often than increase. If no correlation exists, Wsewill increase and decrease about the
same number of times.

A two-sided test for correlation will evaluate ttelowing equivalent statements

for the null hypothesis §las compared to the alternate hypothesis H

Ho:  a No correlation exists betwearandy ( fyqq.1=0), OF

b. x andy are independent, or
c. The distribution ofy does not depend o or
d. Probability ¢ <y; fori<j) =1/2
Hi:  a xandy are correlated g, 4. Z 0), OF
b. x andy are dependent, or
c. The distribution of y (percentiles, etc.) depends, or
d. Probability § <y; fori<j) #1/2
The test statisticS, measures the monotonic dependence af x. Kendall'sS
is calculated by subtracting the number of “disemtdpairs’M, the number ofx, y)
pairs wherey decreases asincreases, from the number of “concordant paisthe

number of , y) pairs wherey increases with increasing

S=P-M (4-1)

Where;

P="number of pluses”, the number of times ig increase as thes increase,
or the number ofy; <y; for all i<j

M="number of minuses,” the number of times tfie decrease as thgs
increase, or the number pf>y; for alli<j,

For alli=1,... (n-1) andj= (i+1),...n

There aren(n-1)/2 possible comparisons to be made amongttiata pairs. If

all y values increased along with thevalues, S=n(n-1)/2. In this situation, the

correlation coefficient o4,y Should equal +1. When ajl values decrease with
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increasingx, S=-n(n-1)/2 and p,..4,; Should equal -1. Therefore dividir®by n(n-1)/2
will give a value always falling between -1 and ¥his then is the definition 0b, 4.
measuring the strength of the monotonic associ&@iween two variables:

Kendall’s correlation coefficient;

s
Prendal = nin=1) (4-2)

2

To test for significance of Kendall's correlationetficient, S is compared to

what would be expected when the null hypothesigrus. If it further from 0 than
expectedHy is rejected. Fon<10 the table op values for Kendall'sS statistics and
Kendall's correlation coefficient is found in appien 5.4. Forn=10 the test statistic
can be modified to be closely approximated by anabdistribution (Helsel & Hirsch,
1991).

Hs =0 (4-3)

n(n-1)(2n+5)
— 4-4
s \/ 18 (4-4)

571 isso0
R

Z, = 0 1fS=0 (4-5)
S*1 ts<o

The null hypothesis is rejected at significanceslevif Zs>Ziical is the value of
the standard normal distribution with a probabilfyexceed otv/2 (Helsel & Hirsch,
1991).

Example 1:(Helsel & Hirsch, 1991) 10 pairs &fandy are given below, ordered

by increasing.

y 1,22 2,20 4,8 1,28 197 1,46 264 234 484 2,96
2 24 99 197 377 544 632 3452 6587 53,17
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To compute§ first comparey;=1.22 with all subsequests (y;, j>1),

2.20 >1.22, so score a+

4.80>1.22, score a+

1.28>1.22, score a+

1.97>1.22, score a+ etc.

All subsequeny’s are larger, so there are 9+'s fefl.

Fori=2, and comparg,=2.20 to all subsequeyt.

4.80>2.20, so score a+

1.28<2.20, score a-

1.97<2.20, score a-

1.46<2.20, score a-

There are 5+’s and 3-'s for2.Continue in this way, until the final comparison
of y,.1=4.84 toy,. It is convenient to write all +'s and -‘s below theespectivey;, as
below:

Vi 122 220 480 128 197 146 264 234 484 296

+ + - + - + - + -
+ - - + + + + +

+ - - + + + +

+ - - + + +

+ + - + +

+ + + +

+ + -

+ +

+

In total there are 33+'$E33) and 12-'s1=12).

ThereforeS=33-12=21 (4-6)
There are10*9/2=45 possible comparisons, so;
Prengan =21/45=21/45=0.47 4-7)

Turning to exact critical value table,
Forn=10 andS=21, the exaqgp value is 2*0.036 = 0.072
The large sample approximation is;

24



Zs = (21-1)/,/@0/18 * (10-1) * (20+5) =20/1118= 179 (4-8)
from a table of the standard normal distributia,¥.79 is 0.0367 So that
p=2*0. 0367=0.074;

0.074 and larger than 0.074 significanges0 Hypothesis decision rejected
Both populations are 0.10 significance level deeend

4.3 Sperman’s correlation method

Sperman’s correlation method is an alternative reoikelation coefficient to
Kendall's correlation method. Sperman’s correlatioethod is easiest to understand as
the linear correlation coefficient computed on theks of the data. The model can be
computed as a rank transform method. Sperman’gletion coefficient and Kendall’s
correlation coefficient use different scales to swa the same correlation. Though
Kendall's correlation coefficient is generally lowdhan Sperman’s correlation
coefficient in magnitude, thep-values for significance should be quite similarewh
computed on the same data (Helsel & Hirsch, 1991).

To compute Sperman’s correlation coefficient, tagador the two variables are
ranked independently among themselves. For thesrafk, (R%) and ranks of, (Ry)
Sperman’s correlation coefficient can be computethfthe equation:

. n+1
2 (RXRy) =n(=_5)°
pSperman: =

n(n® -1) (4-9)

12

Where (+1)/2 is the mean rank of boxhandy. If there is a positive correlation,
the higher ranks of will be paired with the higher ranks gfand their product will be
large. For a negative correlation the higher rastkswill be related to lower ranks gf
and their product will be small. When there is vorelation, there will be nothing other
than a random pattern in the association betweerdy ranks, and their product will be
similar to the product of their average rank, tleeond term in the numerator of
equation (4.9). Thus Sperman’s correlation coedfitiwill be close to zero (Helsel &
Hirsch, 1991).

It is important to note that the Sperman’s correfatmethod do not fit the
distribution of the test statistic well for smalamsple sizes n<20), in contrast to
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Kendall's correlation method. This is one reasomd&!’'s correlation method is often
preferred over Sperman’s correlation method (He&sHirsch, 1991).
The significance of Sperman’s correlation coeffitiecan be tested by

determining whetherpg,,,..., differs from zero. The test statisticis computed by

equation (4-10), and compared to a table ot tistribution withn-2 degree of freedom
(Helsel & Hirsch, 1991).

_ pSpermanV n-2

t =
v 1- :OSperman2

(4-10)

4.4 Pearson’s correlation method

The most commonly used method is Pearson’s caogrlahethod. It is also
called the linear correlation coefficient becausearBon’s correlation coefficient
measures the linear association between two vasdblelsel & Hirsch, 1991).

Pearson’s correlation method is not as resistamuttiers as was Kendall's
correlation method and Sperman’s correlation methedause it is computed using
non-resistant measures, means and standard desiati@assumes that the data follow a
bivariate normal distribution. With this distribati, not only do the individual variables
x andy follow a normal distribution, but their joint vation also follows a specified
pattern. This assumption rules out the use of Baasorrelation method when the
data have increasing variance. Skewed variablesn oftemonstrate outliers and
increasing variance. Thus the method is not ustjuldescribing the correlation
between untransformed hydrological variables (H&sdirsch, 1991).

Pearson’s correlation coefficient is invariant tale changes, as in converting
stream flows in cubic feet per second into cubictemeper second, etc. This
dimensionless property is obtained by standardjziaigiding the distance from the

mean by the sample standard deviation, as showeiformula

o L S XM YT Hy
= 4-11
pPearson n- 1 Z ( O_X ]( J ( )

i=1 O-y
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The significance of Pearson’s correlation coefficiecan be tested by

determining whetherp,.,.,, differs from zero. The test statisticis computed by

equation (4-12), and compared to a table ot thistribution withn-2 degree of freedom
(Helsel & Hirsch, 1991).

- pPearson v n- 2
\) 1_ IOPearson2

t (4-12)
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CHAPTER 5
TIME SERIES MODELLING
5.1 Time series

A time series is a sequence of observat{®@asX,,...X; ) ordered in discrete time
(4t) intervals. If there is a statistical relationstiptweenX; and X1, X; produces a
stochastic process (Bayazit, 1996).

Since the probability density function and paramsetare not enough to
determine the sample of time series with stochastaress, internal dependencies
between sequences must also investigated (Baj896).

These internal dependencies between sequencesaivabons are measured by
autocorrelation coefficients. The autocorrelatiaeficient can be used to detect non-
randomness in data and to identify an appropriate series model if the data are not

random. The autocorrelation function can be defm&d

n-

%, =11

(5-1)

fe =

(Xi _,u)z

n
i=1

In which, r¢ is the autocorrelation coefficienk; is the interval number of the

autocorrelationsn is the total number of the datg; is the mean of the datX; is thei™
period of the data (Bayazit, 1996).

The standard deviation @f, sampling distribution;

L _1\l2
g, =k _ 1 (5-2)

n-k Jn

The main importance of the stochastic processaesthtionary of the sequences.
The autocorrelation coefficients are also depenffenmt time like, probability density
function and parameters (Bayazit, 1996).

An important step in analyzing time series dattoisonsider the types of data
patterns, so that the models most appropriate dsetlpatterns can be utilized. Four

types of time series components can be distingdishieey are;
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I. Trend and Jump: Trend occurs when there is long term decreasecvease in the
data, whereas jump occurs at sudden decreasedgrsuttrease in the data.

ii. Periodic component:When the data changes according to particular gered, T,
the data can be explained by the help of Fouripaegion.

lii. Internal dependent component:Statistical internal dependencies betw&gmvith
X1, Xiz...

iv. Irregular component: Remaining component that the above components atepar

from time series (Bayazit, 1996).

5.2 The modelling of time series
5.2.1 Model identification

At the first stage of the iterative approach to eldolilding, the identification
(specification) stage one uses the data and the/lkdge of the system to suggest an
appropriate parsimonious sub class of models whiely be tentatively entertained
(Ledolter,1976).

5.2.2 Model estimation
At this stage efficient use of the data is madentaking inferences about the

parameters conditionally on the adequacy of theraaihed model (Ledolter, 1976).

5.2.3 Diagnostic checking
After fitting the tentatively entertained modelsttee observed data one has to
check the fitted model in its relation to the olser data with intent to reveal model

inadequacies and to achieve improvement (Leddlgf6).

5.2.4 Model using

After selecting the suitable model synthetic sedesved. These series can be
use in simulation projects and other suitable usirep of flow models to predict the
future flows (Ledolter, 1976).
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5.3 Yearly flow modelling

Yearly flows are assumed as stationary. Duringirggtip of a model it is
necessary to simplify th¢ flows standardized with the above equation (Bayd996);

(5-3)

After standardization the mean of thevariable will be zero, standard deviation
will be one. By inverse transformation can be retck values. Yearly flow modeling

time series can be divided into three model;

i. Autoregressive models (Markov models), AR (
ii. Autoregressive moving average models, ARMAJ)

iii. Moving average models MA)

5.3.1 Autoregressive models (Markov models); AR}
General expression of Markov models can be defased

P

Y = Zﬂ%—j * & (5-4)
=1

Y = @Yt @Yt @Y, TE (5-5)

In which, y; is the flow of thei™ year; @, is the autoregressive coefficients for

autoregressive modelsg; is the residualsp is the order of modeb™ order Markov

model defines the flow of any year which dependpogviousp year flow (Bayazit,
1981).

Autoregressive coefficientg, can be computed with below matrix forng.is

the autocorrelation coefficients.
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The distribution of data sample with respect totthee usually attains the order
of the Markov model. If the data is linearly chamgiwith time, then the linear
distribution will be modeled by first order Markowvodel. Second order Markov model
will give satisfactory result when the data followsarabolic distribution. The
polynomial distribution, depending on the fithe$slata can be described BY to n™
order Markov models. Table 5.1 summarizes the difin of the different order

Markov models.

Table 5.1 The definition of the different order Mav models.

1*order Markov model flow equation (y;)

Yi =@Yi.t &
1% order Markov model autoregressive coefficient (op)
@h=n

2"%order Markov model flow equation (y;)

Yi =@yt @Y, T &

2" order Markov model autoregressive coefficients (op)

@ =(r,—nr,)/d-r?)
@ =(r,-r°)/d-17)

3% order Markov model flow equation (y;)

Yi =AYt @Y, TRY €&

3 order Markov model autoregressive coefficients (op)

@ = L)~ 1) = Q-r)(r, — 1) (L= r,)(L-2r" +1,)
@ =(r,+ r22 - r12 —nr,) /(- 2"12 +1,)

@ =((r, - rs)(rlz =) = @=r)(rr, =) (A-r,)2- 2"12 +1,))
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5.3.2 Autoregressive moving average models; ARMA4(q)

Autoregressive moving average model ARM@ ¢) is the most widely used
periodic and hydrologic time series model. The ARMAodels have physical
justification in hydrology. The low flows in a rivenainly result from groundwater and
the flow at a particular time is a fraction of piays flows during the recession period,
which may be represented by an autoregressive depea structure. The high flows
during the wet season are formed mainly by heainfalh or snowmelts or both, and

therefore, may be represented by moving averagenseliSalaset. al, 1985).
Vi =@Yia t @Yt @Y, tE O, —0,6, —..— 0,6, (5-6)

In which,y; is theflow of thei" year; @, is the autoregressive coefficients for
autoregressive model#, autoregressive coefficients for moving average elmd; is

the residualsp is the order of modep™ order Markov model defines the flow of any
year which depend on previopsyear flow; q is the order of modely” order Markov
model means which the flow of any year is depengm@viousq year flow (Bayazit,
1981).

5.3.2.1 First order autoregressive-moving average adels; ARMA (1, 1)

Y =@Yi,tE -6, (5-7)

r1 - (1_ ﬂfl)(ﬂ ~ 91) (5_8)
1+6," -2¢86,

r,=4r (5‘9)

In which, y; flow of the i" year; @ is the first autoregressive coefficients for
autoregressive model), is the first autoregressive coefficients for mayiaverage
model;r1is the first autocorrelation numbes;is the second autocorrelation number;

is the residuals.
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5.3.3 Moving average models; MAd)
Sometimes autoregressive coefficients of autoregresmoving cases, the
ARMA (p, 90 model should be rejected and replaced with mowngrage models.

General expression of moving average models calefieed as:

q

V=& =D 06— -6, ~..~ 6,

q-i-q
j=

(5-10)

In which, yi isthe flow of thei™ year; 8, is the autoregressive coefficients for the

moving average model; is the residualsg is the order of model™ order moving

average model means which the flow of any yearejgedd on previoug year flow
(Bayazit,1981).

5.3.3.1 First order moving average models; MA (1)
Y, =& -0, (5-11)

02 +% 11=0 (5-12)
rl

In which, y; is the flow of the™ year; g, is the first autoregressive coefficients

for moving average modal; is the first autocorrelation numbex; is the residuals.

5.4 Akaike information criterion
Before deciding on which method is suitable for elbdg, it is important to
implement checks such as Akaike information criterAkaike recommends the

following relationship.

AIC(p,q) =min(ning,” +2(p+q)) (5-13)
Where; n is the sample sizeg,” is the maximum likelihood estimate of the

residual variancep is the order of autoregressive modeljs the order of moving
average model.

The model, which gives the minimuiC number, is the one to be selected.
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5.5 Box-Cox transformation

In order to implement the ARMA or AR methods, itniscessary to convert the
data distribution into normal distribution. Somedisnthe data itself is following normal
distribution which shows that there is no need fbe Box-Cox transformation.
Therefore the skewed distribution data should basfiormed into normal distribution
(g=0) before the implementation of ARMA or AR modefss a result the Box-Cox
transformation is used to change the shape oftehdison efficiently and objectively

and to achieve parity for the observations.

A_
y:(x/‘ 1) For A20 (5-14)

y= Iog(x) For A=0 (5-15)

5.6 The Box Pierce Porte Manteau test

The Box-Pierce Porte Manteau test used, to chexkeiduals,, whether they

are independent and normal. This test is usedatigttal formulation of).
m 2

Q=n) r (5-16)
k=1

Where; I, is the autocorrelation numbers of residualss the sample sizen

is the maximum lag (between 8:0.3n). If the value got from¥? distribution table 0.05
significance level bigger than the calculat€d the residuals are independent and
normal.To read the value fron¥? distribution table needed the significance level an
(m-p-g value.p is the order of the autoregressive modgis the order of the moving

average model.

5.7 The derivation of synthetic sequence
After determining the suitable model from Akaikdammation criteria for the
derivation of synthetic sequences, the secondistépdetermine the values of normal

and independent residuals The residuals can be defined as;

& =M, t0.Z (5-17)

ETI
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Where; U, is the mean of residualgr, is the standard deviation of residuals;
Z, Z, represents the standard normal random numbershwhisst be calculated by
using uniform random numberg; is the uniform random numbers between 0 and 1

(0<n, <1). The standard normal random numbers are debged

Z, =(-2Inn, )" cod2m, ) (5-18)

Zy = (_ 2Inn; )1/2 sin(27m7,) (5-19)

Synthetic sequences are then derived after ingersidual £, into model

equation. The values read from synthetic sequeaceghe standardized values. The
mean of standardized values is always zero, wherthe standard deviation is one.
Converting the standardized values into non-stahzed form will help to find non-
standardized; flow values.

5.8 Predicting the future flows by synthetic sequese

After determining the suitable model for synthetemjuences, the second step is
to deriving of the future predicting synthetic sengoes. Normal and independent
residuals €, is not required during future flow predictionshi3 is the residuals of
previous years demolishes when predicting for Ritéfter determining the values got
from predicting synthetic sequences are the stdimbat values. Converting the
standardized values into non-standardized formlgnuhverse transformation, one can

easily reach to predicting flow values.

5.8.1 Predicting the error parameters of the synthiic sequences
As it was given in section (5.3) the AR) (model and ARMA 6, q) model can
be used to derive the predicting error parameters.

In AR (p) model, the defining equation is;

Y =AYia T @Y ot B, TE (5-20)

and for ARMA(, g) model, the defining equation is;
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Vi =@Yia t @Yt @Y, tE O, —0,6, —..— 0,6, (5-21)

To predict the error parameters for the flow, emumi5-20) and (5-21) are

converted;
Vi =Y Eq tYLE L T E L, T E (5-22)
Y SEHYE L HWLE L, T W LE (5-23)

Where;y; is the flow of thei™ year; ¢, is the predicting error parametes; is

the residuals.

For predicting the next year error parameters far(g) model;

Vi W€ Y€, "wpgiﬂ—p &, (5-24)

For predicting the next year error parameters feVi (p, q) model;

Yiu= En YWiE g YWoEan T W pE (5-25)

Writing the equation (5-24) and (5-25) in the form;
1-1

q (l) = zwpgiﬂ—p (5'26)
p=0

Where; e (I ) is the prediction error of thid! year; ¢, is the predicting error
parametersg, is the residuals;
The prediction value of; residual is zero. That's why the prediction ofoerr

parameter is also zero. The prediction is objec(yg = 1)
The variance of prediction error computed by;

varle ()] = Zwa (5-27)

The confidence interval betweéhandi+1" year, acceptance level of 100%¢]-
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p=0

Yi (l)iza/2|:liwp2:| o, (5_28)

Where; Z,,, is a standard normal variable which pasgd2 probability; g, is
the standard deviation of residualg, is the predicting error parameterg;(l isjthe

predicted flow of thé™ year.

For AR (o) model to calculate they, prediction error parameter, substitute
equation (5-22) into equation (5-20).

Forp=1y¢, =q

Forp=2¢, =@’ +@ (5-29)

For p=3¢; =@y, + gy, + ¢,

Forp=ny, =@y, .+ @Y, , +* @Y. +..9¢,

For ARMA (p, g model to calculate they prediction error parameter,
substitute equation (5-23) into equation (5-21).

Forp=1¢, =@ -6,

Forp=2¢, =@y, +@ -6, (5-30)

For p=3¢; = g, + @, + 4 — 6,

Forp=ni, =@, + @, +* P st .- 9, ~ 6,
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CHAPTER 6
RESULTS AND DISCUSSIONS
6.1 Introduction

Water experts and politicians agree that ther@a iacaite water shortage problem
in Mediterranean and the Middle East region. ThHeg agree that the problem must be
addressed immediately in a regional context; itars issue “which cannot wait”
(Angelakis et al, 1999). Cyprus, located at eastern Mediterranéarg semi-arid
country having an area of 9215 kof which average annual rainfall was approximately
500 mm ranging from 300 mm from the flat and cdaataas to 1100 mm at the
mountainous areas (Charalambous, 2001).

The statistical analysis of the records availaherdhe period of hydrological
years 1916/1917-1999/2000 demonstrates that thappegion time series display a
step change or shift at 1970-1971 period. The melegical data has shown that from
the beginning of the century (1900’s) the annuahmaverage of the precipitation data
was always greater than the long term averageeofe¢htury. However, after 1970-1971
period this trend has changed and the annual mesnage, fall below the long term
averages of the century (Fig 3.2). This resulti$® @onfirmed by Klohn in 2002 who
has mentioned that after 1970 the precipitatioa d@monstrate a slight decrease from
mean average.

This drop in the trend of precipitation is genegradittributed to the global
warming and climate change effects which is acaepés a cause of global

environmental changes and pollution.

6.2 Discussions
Hence, an important problem in stochastic hydrolsglp select or identify the

type of model for representing the hydrologic tisexies. In common practice, such
model identification is usually done by judgemeskperience, or personal preference.
In some cases, though, the statistical properfiéiseovarious alternative models as well
as the statistical characteristics of the samphe tseries are used for identifying the
most appropriate type of model for the particulases It is, of course desirable that in
addition to the above factors, physical considerstimust be used for aiding in the
identification of the model type (Salas & Smith319.
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In fact the actual mathematical models of a hydygldime series are never
known. The inferred population model is only an rappmation. The exact model
parameters are also never known in hydrology; tmext be estimated from limited
data.

The purpose of constructing the models of stochasticesses is to generate
synthetic processes for the considered variablk thi¢ aid of these models. With the
use of generated processes, it can be possiblthéomvestigations of planning and
management of water resources to consider for flootonly the observed sample but
also the other samples which come from the samalagn. So, the system behaviour
can be investigated not only according to the ab#l sample but also with aid of
synthetic series (Bayazit, 1981).

The other using part of the synthetic sequenceseadicting the future flows.
While going forward, predicting errors of the flowscreases. That's why synthetic
sequences; predict flows, in the near future.

For synthetic sequences AR (1), AR (2), AR (3), ARKL, 1) models which are
mostly used in hydrology are investigated. AR (AR, (12), AR (14), AR (15) models

are used for predicted synthetic sequence.

6.3 Correlation between rivers on study area

The key missing connection for considered river®ianderstand if there exists
a linkage between them in terms of surface runadf recipitation values. For sure, the
magnitude of the stream response will differ fromcle other depending on the
magnitude of the rain event, the geology in a catft and the water content in the
surface soils. These altered conditions in termfaators influencing the discharge of
rivers, such as river slopes and drainage areagases the intention to demonstrate the
level of linkage between the rivers to better mantows in rivers and their responses
to precipitation.

The significance of the correlation of the rivessall tested via hypothesis test.
The hypothesis was constructed under the ideaesétis no relationship between the
rivers with a significance level of 90%. The reswdte all rejected when all the methods
are tested. (Kendall correlation, Sperman cormtatiand Pearson correlation).The

results of the hypothesis tests are given in AppeBand prove that the river flows are
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dependent on each other. The results of all thesthads are shown from Fig.6.1 to
Fig.6.10.
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Figure 6.1 Correlation between the Limnitis Rivethwother rivers.
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Figure 6.2 Correlation between the Xeros River witfer rivers.
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Figure 6.3 Correlation between the Marathasa Rt other rivers.
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Figure 6.4 Correlation between the Karyotis Rivithwther rivers.
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Figure 6.5 Correlation between the Atsas River wither rivers.
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Figure 6.6 Correlation between the Elea River witter rivers.
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Figure 6.8 Correlation between the Akaki River wather rivers.
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Figure 6.9 Correlation between the Pedios Riveh wther rivers.
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Figure 6.10 Correlation between the Yialias Rivéhwther rivers.

The Figures has shown that the Sperman correlatiwh Pearson correlation
methods have similar results but Kendall correfatieethod produced same trend with
lower correlations between each river. The dewetion results of Kendall correlation
method does not mean that Kendall's correlationhogktresults are less sensitive or
correlation between variables are not strong. Bason is due to the usage of different
scale of correlation.

Not surprisingly, the yearly averages of river fbare all positively correlated
since the climatic factors are same for all thensvat the same time and same spatial
distribution. The correlation coefficient over coete record was “very strong” and
“strong”, showing spatial homogeneity between tkiers.

The results of correlation matrix for stream floetween the rivers in the order
of west to east are given in Table 6.1. High catreh coefficients are bolded, showing

a strong relation between stations.

Table 6.1 The Pearson’s correlation matrix valees/éarly discharges in rivers.

Limnitis Xeros MarathasaKaryotis Atsas Elea Peristeronakaki Pedios Yialias

Limnitis 1

Xeros 0,83 1

Marathasa 0.89 0,77 1

Karyotis 0,87 0,87 0,97 1

Atsas 0,62 0,54 0,77 0,83 1

Elea 0,77 0,76 0,85 0,94 0,89 1

Peristerona 0,82 0,83 0,88 095 083 095 1

Akaki 078 078 087 095 087 098 097 1

Pedios 067 064 078 084 085 094 093 093 1
Yialias 0,54 0,71 0,55 0,74 085 0,91 0,88 0,91 092 1
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Even though the overall results show that ther rislation between the stream
flows of rivers, it is clear that the western pavrers: Limnitis, Xeros and Marathasa are
not following a strong relationship with others, evbas Karyotis is behaving like a
transition river which has strong relationship witbarly all the rivers. On the other
hand, Limnitis, Xeros and Marathasa have a strefgtionship with each other. The
difference between these rivers and the otherseispatial coverage of their drainage
areas. Their drainage areas are extending up tge¢hk&s of Troodos Mountains in
which the natural ecological pattern is not affddby anthropogenic activities. On the
other hand, the upper drainage area of other riv@sseen changed due to urbanization
activities and ecological disturbances.

6.4 Rainfall-Runoff relationships between rivers orstudy area

Rainfall in arid and semi-arid climate regionsypitally meagre, irregular and
highly variable (Sharon, 1972; Goodrieh al, 1995; Ahrens, 2003). Runoff generation
in these regions is dominated by an infiltratiortess mechanism with a short time to
final infiltration rates and a fast response duestiep hill slopes with shallow soils,
exposed rocks and lack of vegetation (Wheather2 2G0eenbaunet. al, 2006). Some
of arid and semi-arid catchments have alluvial dehibeds through which flood water
infiltrates during flow and flood peaks and thuswoes are reduced (Wheather, 2002).
For catchments with rocky channel beds, this pmeesot significant. Rainfall-Runoff
modelling in arid and semi-arid catchments is dlehging task for several reasons.

Runoff data is the important information for thesigm and planning of many
water resources engineering projects. Many hydrsieglevote themselves to develop
Rainfall-Runoff models to estimate runoff. The RalhRunoff process, which involves
many mechanisms, is known as a highly complicated maonlinear phenomenon.
Although difficulties exist in the modelling of thRainfall-Runoff processes, the
regression model used in this study is a set opleiraxponential regression equations
that can appropriately defines a relationship oinfal-Runoff event. The regression
model simply requires only rainfall and stream floyeords. Regression analysis is the
mathematical process of using observations tothedine of best fit through the data in
order to make estimates and predictions about ¢éhe@wour of the variables (Bayazit,
1996).
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The following figures describe the relationship afinual precipitation and
annual surface runoff of 10 streams. These rivellevied exponential relationship.
These surface runoff and precipitation values #étained from Kypris and Neophytou
(1994).

The R squared for the regression which by constmigs always between 0 and
1 inclusive, indicates the degree of fit of theresgion. A value of O indicates that the
regression is perfectly useless in explaining tepetident variable and a value of 1
signifies a perfect fit between the dependent Wégiand the linear combination of the
explanatory variables. The goal is frequently, mttalways to get a high’R

During the selection criteria of data, involved defining Rainfall-Runoff
relationship, some of the monitored values werernals outliers. The outliers were

minimizing the quality of data fit on the regress@nalyses.
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Table 6.2 The outlier data values of 10 riversioagng from Troodos Mountains.

Outlier data value

River name Hydrologic year Annual precipitation | Annual surface runoff
(1 Oct.-30 Sep.) (mm) (mcm)
Himnitis 1966-1967 1195 20,34
(Station: 128301810
1970-1971 764 7,33
Marathasa 1986-1987 1095 7,74
(Station:132103085)
1991-1992 1056 7,38
Karyotis 1985-1986 594 3,38
(Station: 133304195
1988-1989 733 14,36
Atsas
(Station:13420479 1988-1989 524 3,32
1965-1966 489 4,70
Elea 1969-1970 395 2,91
(Station: 135407440
1973-1974 443 5,08
1988-1989 547 9,81
) 1968-1969 1032 38,97
Peristerona
(Station: 137108550 1973-1974 533 11,03
1988- 1989 625 19,99
1979-1980 582 17,34
Akaki 1980-1981 574 16,84
(Station: 137311690
1988-1989 533 17,78
1991-1992 777 19,58
) 1969-1970 462 1,11
Pedios
(Station:161113185) 1981-1982 512 1,59
1988-1989 542 7,25
1979-1980 530 8,64
Yialias 1980-1981 513 6,99
(Station: 165115385
1985-1986 483 1,05
1990-1991 285 0,48
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Table 6.3 Annual precipitation and annual surfageff values of the Limnitis River

(Station: 128301810).

Hydrologic year Annual precipitation Annual surface runoff
(1 Oct.-30 Sep.) (mm) (mcm)
1966-1967 1195 20,34
1967-1968 854 15,91
1968-1969 1086 25,55
1969-1970 590 4,19
1970-1971 764 7,33
1971-1972 609 3,45
1974-1975 845 15,62
1975-1976 844 16,82
1976-1977 666 12,79
1977-1978 917 23,37
1978-1979 691 7,81
1979-1980 753 16,07
1980-1981 778 18,14
1981-1982 570 6,01
1982-1983 713 11,70
1983-1984 680 8,51
1984-1985 627 8,67
1985-1986 534 3,59
1986-1987 905 17,46
1987-1988 919 18,36
1988-1989 646 11,95
1989-1990 512 4,24
1990-1991 393 1,50
1991-1992 917 15,65
1992-1993 742 12,53
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Figure 6.11 Relation between annual surface rwenudf annual precipitation of the Limnitis River

(Station: 128301810).

a7




Table 6.4 Annual precipitation and annual surfaceff values of the Xeros River (Station: 131101770

Hydrologic year Annual precipitation Annual surface runoff

(1 Oct.-30 Sep.) (mm) (mcm)
1990-1991 340 0,74
1991-1992 918 10,75
1992-1993 791 8,52
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Figure 6.12 Relation between annual surface ruenadf annual precipitation of the Xeros River
(Station: 131101770).

Even though the relationship between the surfaneffand precipitation of the
Xeros River is given; it is clear that the resuiteriationship is produced by only three

samples. Therefore, the resultant equation of theoX River is not reliable for real

estimates.
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Table 6.5 Annual precipitation and annual surfaseff values of the Marathasa River
(Station: 132103085).

Hydrologic year Annual precipitation Annual surface runoff
(1 Oct.-30 Sep.) (mm) (mcm)
1967-1968 924 9,78
1968-1969 1253 17,48
1969-1970 620 3,70
1970-1971 859 5,40
1971-1972 569 3,44
1972-1973 334 1,14
1973-1974 628 2,41
1974-1975 1019 8,80
1975-1976 887 6,35
1976-1977 812 5,87
1977-1978 960 9,97
1978-1979 773 3,83
1979-1980 915 6,85
1980-1981 1009 8,11
1981-1982 795 4,94
1982-1983 791 6,38
1983-1984 793 5,57
1984-1985 773 4,80
1985-1986 594 2,41
1986-1987 1095 7,74
1987-1988 1051 8,76
1988-1989 920 7,85
1989-1990 534 2,86
1990-1991 444 1,76
1991-1992 1056 7,38
1992-1993 813 7,35
20
—_ = 0,0028x
é y =0,5342¢ A
= 15-
2
2
g 10
£
>
n
8 5
2
c
<
0
0 200 400 600 800 1000 1200 1400
Annual precipitation (mm)

Figure 6.13 Relation between annual surface ruamudfannual precipitation of the Marathasa River
(Station: 132103085).
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Table 6.6 Annual precipitation and annual surfaseff values of the Karyotis River
(Station: 133304195).

Hydrologic year Annual precipitation Annual surface runoff
(1 Oct.-30 Sep.) (mm) (mcm)
1965-1966 769 11,51
1966-1967 1071 22,72
1967-1968 885 19,17
1968-1969 1251 35,93
1969-1970 591 7,38
1970-1971 880 11,94
1971-1972 721 8,63
1972-1973 282 3,23
1973-1974 605 6,18
1974-1975 890 13,80
1975-1976 834 12,69
1976-1977 724 8,81
1977-1978 841 14,89
1978-1979 660 7,50
1979-1980 841 12,99
1980-1981 910 16,20
1981-1982 716 9,04
1982-1983 722 10,81
1983-1984 637 7,45
1984-1985 753 9,57
1985-1986 594 3,38
1986-1987 907 14,50
1987-1988 920 16,99
1988-1989 733 14,36
1989-1990 502 4,08
1990-1991 401 2,04
1991-1992 1015 15,79
1992-1993 818 15,16
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Figure 6.14 Relation between annual surface ruanodfannual precipitation of the Karyotis River
(Station: 133304195).
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Table 6.7 Annual precipitation and annual surfaceff values of the Atsas River (Station: 134204790

Hydrologic year Annual precipitation Annual surface runoff
(1 Oct.-30 Sep.) (mm) (mcm)
1965-1966 505 1,32
1966-1967 745 9,54
1967-1968 581 2,63
1968-1969 828 8,67
1969-1970 380 0,57
1970-1971 605 1,60
1971-1972 525 1,30
1972-1973 168 0,12
1973-1974 416 0,36
1974-1975 605 1,23
1975-1976 587 1,18
1976-1977 468 0,40
1977-1978 542 1,42
1978-1979 456 0,41
1979-1980 562 1,29
1980-1981 621 2,69
1981-1982 491 0,52
1982-1983 510 0,46
1983-1984 407 0,27
1984-1985 532 0,74
1986-1987 550 0,68
1987-1988 603 1,55
1988-1989 524 3,32
1989-1990 374 0,21
1991-1992 697 3,47
1992-1993 578 5,11
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Figure 6.15 Relation between annual surface ruenadf annual precipitation of the Atsas River
(Station: 134204790).
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Table 6.8 Annual precipitation and annual surfaceff values of the Elea River (Station: 135407440)

Hydrologic year Annual precipitation Annual surface runoff
(1 Oct.-30 Sep.) (mm) (mcm)
1965-1966 489 4,70
1966-1967 829 15,22
1967-1968 534 6,71
1968-1969 956 27,23
1969-1970 395 291
1970-1971 662 7,60
1971-1972 566 5,45
1972-1973 182 0,54
1973-1974 443 5,08
1974-1975 662 8,13
1975-1976 632 7,19
1976-1977 530 4,41
1977-1978 527 6,27
1978-1979 476 2,40
1979-1980 581 6,81
1980-1981 588 10,20
1981-1982 474 3,01
1982-1983 505 1,65
1983-1984 452 1,81
1984-1985 543 491
1985-1986 404 0,19
1986-1987 569 4,27
1987-1988 614 8,22
1988-1989 547 9,81
1989-1990 400 0,97
1990-1991 260 0,11
1991-1992 716 10,86
1992-1993 614 12,73
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Figure 6.16 Relation between annual surface ruenadf annual precipitation of the Elea River
(Station: 135407440).
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Table 6.9 Annual precipitation and annual surfaceff values of the Peristerona River
(Station: 137108550).

Hydrologic year Annual precipitation Annual surface runoff
(1 Oct.-30 Sep.) (mm) (mcm)
1965-1966 572 11,30
1966-1967 805 26,29
1967-1968 692 16,39
1968-1969 1032 38,97
1969-1970 468 591
1970-1971 722 14,78
1971-1972 619 11,88
1972-1973 252 1,67
1973-1974 533 11,03
1974-1975 729 16,86
1975-1976 679 13,12
1976-1977 577 8,79
1977-1978 606 13,03
1978-1979 600 8,61
1979-1980 704 18,42
1980-1981 730 20,30
1981-1982 551 7,98
1982-1983 585 10,43
1983-1984 515 8,56
1984-1985 615 14,85
1985-1986 516 5,52
1986-1987 670 17,30
1987-1988 760 21,41
1988- 1989 625 19,99
1989-1990 433 5,56
1990-1991 350 2,80
1991-1992 848 22,39
1992-1993 714 22,23
35

£ a0 y = 0,64978°°% /

g R® = 0,9312

£ 25 " /’ "

5 20 >

g 3

& 15 . .

a . * *

g 10 * *

g 51 /

o A ; ‘ ‘
0 100 200 300 400 500 600 700 800 aq
Annual precipitation (mm)

Figure 6.17 Relation between annual surface ruanadf annual precipitation of the Peristerona River
(Station: 137108550).
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Table 6.10 Annual precipitation and annual surfaceff values of the Akaki River
(Station: 137311690).

Hydrologic year Annual precipitation Annual surface runoff
(1 Oct.-30 Sep.) (mm) (mcm)
1965-1966 489 10,11
1966-1967 757 25,07
1967-1968 562 13,92
1968-1969 927 45,02
1969-1970 395 3,82
1970-1971 637 12,28
1971-1972 525 10,51
1972-1973 194 0,76
1973-1974 437 6,92
1974-1975 570 11,59
1975-1976 592 12,58
1976-1977 481 8,13
1977-1978 449 10,55
1978-1979 502 6,74
1979-1980 582 17,34
1980-1981 574 16,84
1981-1982 465 4,75
1982-1983 458 6,06
1983-1984 415 4,60
1984-1985 523 9,78
1985-1986 474 3,50
1986-1987 484 9,72
1987-1988 577 15,80
1988-1989 533 17,78
1989-1990 418 4,73
1990-1991 307 1,53
1991-1992 777 19,58
1992-1993 623 17,81
80 /
£ 70
é 60 /
:§ 50 0,0055x /
3 y = 0,4637& / -
g 40 R = 0,8493 /
7 30+
3 *
2 20 A o
& 101 - t b *
o - >~ : x
0 100 200 300 400 500 600 700 800 900

Annual precipitation (mm)

Figure 6.18 Relation between annual surface ruanodf annual precipitation of the Akaki River
(Station: 137311690).
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Table 6.11 Annual precipitation and annual surfaceff values of the Pedios River
(Station: 161113185).

Hydrologic year Annual precipitation Annual surface runoff
(1 Oct.-30 Sep.) (mm) (mcm)
1967-1968 496 3,55
1968-1969 924 12,88
1969-1970 462 1,11
1970-1971 684 5,02
1971-1972 573 4,44
1974-1975 690 7,08
1975-1976 655 6,01
1976-1977 532 2,83
1977-1978 512 3,90
1978-1979 570 2,61
1979-1980 576 5,09
1980-1981 601 5,20
1981-1982 512 1,59
1982-1983 467 2,42
1983-1984 445 1,81
1984-1985 533 3,60
1985-1986 528 1,71
1986-1987 496 3,27
1987-1988 588 5,48
1988-1989 542 7,25
1989-1990 423 2,29
1990-1991 318 0,93
1991-1992 762 8,84
1992-1993 639 7,30
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Figure 6.19 Relation between annual surface ruanodf annual precipitation of the Pedios River
(Station: 161113185).
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Table 6.12 Annual precipitation and annual surfaceff values of the Yialias River
(Station: 165115385).

Hydrologic year Annual precipitation Annual surface runoff
(1 Oct.-30 Sep.) (mm) (mcm)
1976-1977 464 2,82
1977-1978 373 2,75
1978-1979 484 3,27
1979-1980 530 8,64
1980-1981 513 6,99
1981-1982 373 1,52
1982-1983 357 1,41
1983-1984 419 1,89
1984-1985 520 4,59
1985-1986 483 1,05
1986-1987 397 2,12
1987-1988 540 6,03
1988-1989 514 9,25
1989-1990 373 1,60
1990-1991 285 0,48
1991-1992 774 13,14
1992-1993 637 11,95
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Figure 6.20 Relation between annual surface rwenodf annual precipitation of the Yialias River
(Station: 165115385).

Graphs of yearly rainfall versus annual stream feow assessed for each year of
the rivers separately in Fig. 6.11 to Fig 6.20.udisexamination identified two distinct
relationships for data points, which correlated data representing the “none or
negligible” surface runoff and opposed to this escevater conditions. The “none or
negligible” condition is assumed when the sum @f $kasonal precipitation is greater
than 250 mm. Therefore, the excess water requirehanlower limit, around 300 mm,

in which a considerable runoff values can be oletivithin a season.
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During the analysis, the data plots are examinadl @ovious outliers were
moved from the data group prior to determining éx@onential regression equations
that are used to represent Rainfall-Runoff relaimp. Within these analyses, the runoff
characteristics include only the stream flow chemastics of the rivers. However,
runoff characteristics can be affected by numerqinysical variables such as
topography, land cover, soil condition, and drasmagea, all of which are related with
geologic conditions. In the study area, the landecocand soil conditions can be
accepted as rather constant since the dense vegetal and Troodos Volcanic massif

structure is uniformly distributed along the stuadga.
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Figure 6.21 Rainfall-Runoff relationships of alethiver basins in the study area without considgtire
drainage area and slope of the drainageddrb& gauge stations of rivers.

On the other hand, the drainage area and its slopdo topographic conditions
are varying between each river basin. These latlisvolvement of these parameters
are effective on differences between the Rainfalhdif relationships of each river

basin.

Table 6.13 The surface area and the slope of tiaalye area of gauge stations of rivers.

Station number Station name Surface area(kl) Slope (%)
128301810 Limnitis 48 4,2
131101770 Xeros 24 6,6
132103085 Marathasa 23 13
133304195 Karyotis 63 7,3
134204790 Atsas 33 4,8
135407440 Elea 81 51
137108550 Peristerona 77 3,4
137311690 Akaki a0 2,7
161113185 Pedios 29 3,8
165115385 Yialias 73 2,6
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In order to increase the relationship, both thendge area and slope of basins

are related with the exponential regression ratatap of all the rivers.
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Figure 6.22 Rainfall-Runoff relationships of alethiver basins in the study area considering tamedge
area of the gauge stations of rivers.

1,0

]
g " R®>=0,8156 - i/
. 2

.
.
b

B =t B

0,2 - > . -

L d
. ] 4
s 3 3 37T =
F 1 E 3
0,0 s 4 = — L t
o 100 200 300 400 500 600 700 800 900 1000

Annual precipitation (mm)

Figure 6.23 The unique exponential regression égu&br Rainfall-Runoff relationships of all thever
basins in the study area considering thendgg area of the gauge stations of rivers.

Fig.6.23 shows the resultant graph, representing dimique exponential
regression equation for defining Rainfall-Runoffateonship of all the river basins in
the study area. The regression equation is debyeashly considering the drainage area

of the individual basins. The final equation dedvg given as:

SR=0,0053"%% (6-1)
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Where; SRis the annual surface runoff aflis the annual precipitation. In

which theR? of the equation proves strong relationship with da¢a and the derived

equation.

The following Figure however, defines the sameti@hship in which both the

slope and the drainage area of the basins aredeoedi
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Figure 6.24 Rainfall-Runoff relationships of alethiver basins in the study area considering thedge

area and slope of the drainage area of thgegstations of rivers.
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Figure 6.25 The unique exponential regression égu&br Rainfall-Runoff relationships of all thever
basins in the study area considering thendgs area and slope of the drainage area of the

gauge stations of rivers.

SR=0,0012>%%

(6-2)

00

Where; SRis the annual surface runoff afdis the annual precipitation. Even

though the two main parameters are involved in god6-2), the relationship between
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the data and the derived regression equation ies@iccurate as the one as shown in

equation (6-1).

6.5 The synthetic sequence of river flows

The values of the excess rainfall in terms of ridscharge were plotted by data
obtained from studies of Kypris and Neophytou ()98dd Rossel (2002), which are
the only available data representing the monthly annual flow rates of considered
rivers. The synthetic data was then produced frdmeoved data by the help of
autoregressive models such as AR (1), AR (2) and (3R Following Figures and

Tables are the results of the autoregressive analys
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Figure 6.26 Limnitis River (Station: 128301810) thatic sequences with first order Markov model
AR (1).

Table 6.14 Table of the hydrologic annual surfageff volume and AR (1) synthetic flow of the
Limnitis River (Station: 128301810).

Hydrologic year Surface runoff volume AR (1) synthetic flow

(1 Oct.-30 Sep.) (mcm) (mcm)
1966-1967 20,34 9,31
1967-1968 15,91 4,53
1968-1969 25,55 10,86
1969-1970 4,19 12,01
1970-1971 7,33 7,74
1971-1972 3,45 14,34
1972-1973 4,00 8,18
1973-1974 9,80 17,61
1974-1975 15,62 15,40
1975-1976 16,82 7,33
1976-1977 12,79 14,55
1977-1978 23,37 16,22
1978-1979 7,81 18,76
1979-1980 16,07 18,45
1980-1981 18,14 20,52
1981-1982 6,01 11,55
1982-1983 11,70 6,56
1983-1984 8,51 9,42
1984-1985 8,67 4,38
1985-1986 3,59 9,13
1986-1987 17,46 11,65
1987-1988 18,36 9,97
1988-1989 11,95 7,21
1989-1990 4,24 4,60
1990-1991 1,50 517
1991-1992 15,65 8,79
1992-1993 12,53 9,37
1993-1994 6,00 8,53
1994-1995 5,00 12,47
1995-1996 3,30 9,23
1996-1997 3,00 6,18
1997-1998 5,00 9,74
1998-1999 6,00 7,53
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Figure 6.27 Xeros River (Station: 131101770) syitheequences with third order Markov model
AR (3).

Table 6.15 Table of the hydrologic annual surfageff volume and AR (3) synthetic flow of the Xeros
River (Station: 131101770).

Hydrologic year Surface runoff AR (3)synthetic flow
(1 Oct.-30 Sep.) (mcm) (mcm)
1970-1971 6,00 4,94
1971-1972 3,00 4,94
1972-1973 2,00 4,94
1973-1974 5,00 5,62
1974-1975 7,80 4,58
1975-1976 6,20 5,97
1976-1977 6,25 5,01
1977-1978 6,40 6,81
1978-1979 6,00 7,27
1979-1980 8,70 4,19
1980-1981 7,40 5,08
1981-1982 5,80 7,16
1982-1983 5,00 8,27
1983-1984 4,60 7,57
1984-1985 3,00 7,20
1985-1986 4,00 5,03
1986-1987 9,20 2,95
1987-1988 9,50 4,06
1988-1989 5,00 3,58
1989-1990 1,30 4,92
1990-1991 0,74 6,42
1991-1992 10,75 5,77
1992-1993 8,52 3,91
1993-1994 4,00 2,49
1994-1995 3,20 2,98
1995-1996 1,80 5,30
1996-1997 1,70 6,22
1997-1998 3,00 512
1998-1999 3,45 5,44

62



20 I I
—e— Surface flow (mcm)

---a -- AR (1) synthetic flow (mcm

10 L

1965 1970 1975 1980 1985 1990
Year

Figure 6.28 Marathasa River (Station: 132103085j®tic sequences with first order Markov model
AR (1).

Table 6.16 Table of the hydrologic annual surfageff volume and AR (1) synthetic flow of the
Marathasa River (Station: 132103085).

Hydrologic year Surface runoff AR (1) synthetic flow
(1 Oct.-30 Sep.) (mcm) (mcm)
1967-1968 9,78 5,65
1968-1969 17,48 2,78
1969-1970 3,70 7,03
1970-1971 5,40 7,23
1971-1972 3,44 4,55
1972-1973 1,14 8,74
1973-1974 2,41 4,71
1974-1975 8,80 10,61
1975-1976 6,35 8,65
1976-1977 5,87 4,08
1977-1978 9,97 8,84
1978-1979 3,83 9,32
1979-1980 6,85 10,55
1980-1981 8,11 10,15
1981-1982 4,94 11,29
1982-1983 6,38 6,19
1983-1984 5,57 3,77
1984-1985 4,80 5,88
1985-1986 2,41 2,71
1986-1987 7,74 5,98
1987-1988 8,76 7,15
1988-1989 7,85 5,90
1989-1990 2,86 4,33
1990-1991 1,76 2,92
1991-1992 7,38 3,48
1992-1993 7,35 5,76
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Figure 6.29 Karyotis River (Station: 133304195)thgtic sequences with first order Markov model
AR (1).

Table 6.17 Table of the hydrologic annual surfageff volume and AR (1) synthetic flow of the
Karyotis River (Station: 133304195).

Hydrologic year Surface runoff AR (1) synthetic flow

(1 Oct.-30 Sep.) (mcm) (mcm)
1965-1966 11,51 9,51
1966-1967 22,72 5,17
1967-1968 19,17 10,90
1968-1969 35,93 12,03
1969-1970 7,38 8,08
1970-1971 11,94 14,25
1971-1972 8,63 8,49
1972-1973 3,23 17,49
1973-1974 6,18 15,38
1974-1975 13,80 7,74
1975-1976 12,69 14,47
1976-1977 8,81 16,16
1977-1978 14,89 18,74
1978-1979 7,50 18,45
1979-1980 12,99 20,58
1980-1981 16,20 11,70
1981-1982 9,04 7,03
1982-1983 10,81 9,60
1983-1984 7,48 5,04
1984-1985 9,57 9,29
1985-1986 3,38 11,67
1986-1987 14,50 10,13
1987-1988 16,99 7,59
1988-1989 14,36 5,22
1989-1990 4,08 572
1990-1991 2,04 8,98
1991-1992 15,79 9,54
1992-1993 15,16 8,78
1993-1994 9,20 12,46
1994-1995 7,20 9,45
1995-1996 4,10 6,66
1996-1997 3,60 9,88
1997-1998 4,80 7,87
1998-1999 5,60 4,79
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Figure 6.30 Atsas River (Station: 134204790) sytitteequences with first order Markov model AR (1).

Table 6.18 Table of the hydrologic annual surfageff volume and AR (1) synthetic flow of the Atsas
River (Station: 134204790).

Hydrologic year Surface runoff AR (1) synthetic flow
(1 Oct.-30 Sep.) (mcm) (mcm)
1965-1966 1,32 0,83
1966-1967 9,54 0,21
1967-1968 2,63 1,05
1968-1969 8,67 1,36
1969-1970 0,57 0,59
1970-1971 1,60 1,92
1971-1972 1,30 0,68
1972-1973 0,12 2,92
1973-1974 0,36 2,39
1974-1975 1,23 0,57
1975-1976 1,18 2,01
1976-1977 0,40 2,59
1977-1978 1,42 3,54
1978-1979 0,41 3,51
1979-1980 1,29 4,36
1980-1981 2,69 1,45
1981-1982 0,52 0,46
1982-1983 0,46 0,84
1983-1984 0,27 0,19
1984-1985 0,74 0,74
1985-1986 0,01 1,25
1986-1987 0,68 0,96
1987-1988 1,55 0,51
1988-1989 3,32 0,21
1989-1990 0,21 0,24
1990-1991 1,60 0,68
1991-1992 3,47 0,81
1992-1993 511 0,69
1993-1994 1,20 1,45
1994-1995 0,80 0,84
1995-1996 0,08 0,38
1996-1997 0,04 0,87
1997-1998 0,08 0,54
1998-1999 0,08 0,17
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Figure 6.31 Elea River (Station: 135407440) symttetquences with first order Markov model AR (1).

Table 6.19 Table of the hydrologic annual surfageff volume and AR (1) synthetic flow of the Elea
River (Station: 135407440).

Hydrologic year Surface runoff AR (1) synthetic flow
(1 Oct.-30 Sep.) (mcm) (mcm)
1965-1966 4,70 3,93
1966-1967 15,22 0,94
1967-1968 6,71 5,39
1968-1969 27,23 6,12
1969-1970 2,91 2,74
1970-1971 7,60 8,26
1971-1972 5,45 2,99
1972-1973 0,54 11,40
1973-1974 5,08 8,82
1974-1975 8,13 2,35
1975-1976 7,19 8,41
1976-1977 4,41 9,73
1977-1978 6,27 12,08
1978-1979 2,40 11,60
1979-1980 6,81 13,68
1980-1981 10,20 5,25
1981-1982 3,01 1,93
1982-1983 1,65 4,07
1983-1984 1,81 0,87
1984-1985 4,91 4,00
1985-1986 0,19 5,89
1986-1987 4,27 4,38
1987-1988 8,22 2,42
1988-1989 9,81 1,00
1989-1990 0,97 1,36
1990-1991 0,11 3,76
1991-1992 10,86 4,05
1992-1993 12,73 3,37
1993-1994 4,00 6,56
1994-1995 3,20 3,78
1995-1996 0,50 1,80
1996-1997 0,30 4,38
1997-1998 0,40 2,68
1998-1999 0,40 0,78
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Figure 6.32 Peristerona River (Station: 1371085y8}hetic sequences with first order Markov model
AR (1).

Table 6.20 Table of the hydrologic annual surfageff volume and AR (1) synthetic flow of the
Peristerona River (Station: 137108550).

Hydrologic year Surface runoff AR (1) synthetic flow

(1 Oct.-30 Sep.) (mcm) (mcm)
1965-1966 11,30 11,45
1966-1967 26,29 4,85
1967-1968 16,39 15,20
1968-1969 38,97 15,23
1969-1970 5,91 8,73
1970-1971 14,78 19,24
1971-1972 11,88 9,01
1972-1973 1,67 24,02
1973-1974 11,03 18,40
1974-1975 16,86 7,53
1975-1976 13,12 19,53
1976-1977 8,79 20,28
1977-1978 13,03 23,29
1978-1979 8,61 22,14
1979-1980 18,42 25,06
1980-1981 20,30 12,26
1981-1982 7,98 6,97
1982-1983 10,43 12,17
1983-1984 8,56 4,69
1984-1985 14,85 12,58
1985-1986 5,52 15,16
1986-1987 17,30 11,94
1987-1988 21,41 8,30
1988-1989 19,99 5,22
1989-1990 5,56 6,62
1990-1991 2,80 12,00
1991-1992 22,39 11,86
1992-1993 22,23 10,37
1993-1994 13,75 16,29
1994-1995 10,00 10,73
1995-1996 5,00 7,00
1996-1997 3,75 12,89
1997-1998 5,00 8,95
1998-1999 5,00 4,55
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Figure 6.33 Akaki River (Station: 137311690) sytitheequences with first order Markov model AR (1).

Table 6.21 Table of the hydrologic annual surfageff volume and AR (1) synthetic flow of the Akaki
River (Station: 137311690).

Hydrologic year Surface runoff AR (1) synthetic flow

(1 Oct.-30 Sep.) (mecm) (mcm)
1965-1966 10,11 8,36
1966-1967 25,07 2,98
1967-1968 13,92 11,07
1968-1969 45,02 11,92
1969-1970 3,82 6,23
1970-1971 12,28 15,43
1971-1972 10,51 6,60
1972-1973 0,76 20,32
1973-1974 6,92 15,80
1974-1975 11,59 5,45
1975-1976 12,58 15,66
1976-1977 8,13 17,36
1977-1978 10,55 20,81
1978-1979 6,74 19,90
1979-1980 17,34 23,04
1980-1981 16,84 10,04
1981-1982 4,75 4,77
1982-1983 6,06 8,70
1983-1984 4,60 2,86
1984-1985 9,78 8,75
1985-1986 3,50 11,65
1986-1987 9,72 9,01
1987-1988 15,80 5,74
1988-1989 17,78 3,14
1989-1990 4,73 3,97
1990-1991 1,53 8,33
1991-1992 19,58 8,63
1992-1993 17,81 7,42
1993-1994 11,00 12,70
1994-1995 8,00 7,99
1995-1996 1,90 4,63
1996-1997 0,90 9,27
1997-1998 2,40 6,23
1998-1999 3,70 2,68
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Figure 6.34 Pedios River (Station: 161113185) sstittsequences with second order Markov model
AR (2).

Table 6.22 Table of the hydrologic annual surfagseff volume and AR (2) synthetic flow of the Peglio
River (Station: 161113185).

Hydrologic year Surface runoff AR (2) synthetic flow
(1 Oct.-30 Sep.) (mcm) (mcm)
1967-1968 3,55 3,79
1968-1969 12,88 3,79
1969-1970 1,11 6,02
1970-1971 5,02 4,77
1971-1972 4,44 2,30
1974-1975 7,08 7,52
1975-1976 6,01 2,55
1976-1977 2,83 9,10
1977-1978 3,90 5,56
1978-1979 2,61 1,64
1979-1980 5,09 7,88
1980-1981 5,20 7,14
1981-1982 1,59 6,73
1982-1983 2,42 6,26
1983-1984 1,81 7,64
1984-1985 3,60 2,85
1985-1986 1,71 1,90
1986-1987 3,27 5,01
1987-1988 5,48 1,54
1988-1989 7,25 5,09
1989-1990 2,29 5,76
1990-1991 0,93 3,37
1991-1992 8,84 2,42
1992-1993 7,30 1,85
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Figure 6.35 Yialias River (Station: 165115385) &atic sequences with first order Markov model
AR (1).

Table 6.23Table of the hydrologic annual surface runoff voluand AR (1) synthetic flow of the Yialias
River (Station: 165115385).

Hydrologic year Surface runoff AR (1) synthetic flow
(1 Oct.-30 Sep.) (mcm) (mcm)
1970-1971 5,25 2,90
1971-1972 2,50 1,17
1972-1973 1,00 3,54
1973-1974 4,50 4,12
1974-1975 7,50 2,28
1975-1976 4,50 5,33
1976-1977 2,82 2,46
1977-1978 2,75 7,28
1978-1979 3,27 6,02
1979-1980 8,64 2,15
1980-1981 6,99 5,46
1981-1982 1,52 6,48
1982-1983 1,41 8,13
1983-1984 1,89 7,96
1984-1985 4,59 9,40
1985-1986 1,05 4,01
1986-1987 2,12 1,86
1987-1988 6,03 2,94
1988-1989 9,25 1,13
1989-1990 1,60 2,78
1990-1991 0,48 3,94
1991-1992 13,14 3,19
1992-1993 11,95 2,07
1993-1994 6,00 1,18
1994-1995 3,50 1,35
1995-1996 0,55 2,64
1996-1997 0,70 2,90
1997-1998 0,90 2,57
1998-1999 0,80 4,35
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The results were tested against observed data yartetic data. The results

were evaluated by the efficiency index:

y= {1—{3} ] (6-3)
JM

Where o, is the standard deviation of the synthetic datéeseando,, is the
standard deviation of the measured time series.

The efficiency indexy, gives a very strict criterion for the goodnesstiué
prediction of synthetic sequences (Ducksteinal, 1985): y = 086 indicate a good
relationship andd.6< y< 0886 still acceptable (Iritz, 1992).

Table 6.24 shows the results of efficiency indek &l rivers. According to
limitations of the efficiency index only Atsas Rivgives good relationship. All the
other results are in the acceptable range.

Table 6.24Table of the efficiency index of the 10 rivers anating from Troodos Mountains.

Stream name

o, (mcm) o, (mcm) The efficiency
index (y)

Limnitis 6,56 4,36 0,75
Xeros 2,67 1,44 0,84
Marathasa 3,4 2,62 0,64
Karyotis 6,73 4,22 0,78
Atsas 2,22 1,07 0,88
Elea 5,46 3,54 0,76
Peristerona 7,89 5,89 0,67
Akaki 8,59 5,64 0,75
Pedios 2,82 2,29 0,58
Yialias 3,45 2,27 0,75
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6.6 The predicted synthetic sequence of river flows
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Figure 6.36 Limnitis River (Station: 128301810)¢inted synthetic flow with AR (15).

Table 6.25 Table of the annual AR (15) predicteatisgtic flow of the Limnitis River
(Station: 128301810).

2035

Hydrologic year AR (15) predicted synthetic flow
(1 Oct.-30 Sep.) (mcm)
1999-2000 23,69
2000-2001 13,78
2001-2002 12,61
2002-2003 31,85
2003-2004 12,04
2004-2005 5,08
2005-2006 19,89
2006-2007 0,50
2007-2008 28,80
2008-2009 10,93
2009-2010 15,53
2010-2011 17,87
2011-2012 1,58
2012-2013 3,29
2013-2014 0,96
2014-2015 13,78
2015-2016 3,74
2016-2017 16,42
2017-2018 7,54
2018-2019 5,42
2019-2020 16,09
2020-2021 4,81
2021-2022 16,61
2022-2023 6,58
2023-2024 10,16
2024-2025 5,07
2025-2026 7,72
2026-2027 10,97
2027-2028 7,32
2028-2029 17,88
2029-2030 5,88
2030-2031 12,79
2031-2032 7,72
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Figure 6.37 Xeros River (Station: 131101770) predicsynthetic flow with AR (12).

Table 6.26 Table of the annual AR (12) predicteatisstic flow of the Xeros River (Station: 131101Y.70

Hydrologic year AR (12) predicted synthetic flow
(1 Oct.-30 Sep.) (mcm)
1999-2000 7,69
2000-2001 2,04
2001-2002 4,55
2002-2003 8,24
2003-2004 9,37
2004-2005 6,48
2005-2006 3,20
2006-2007 2,87
2007-2008 3,83
2008-2009 5,91
2009-2010 7,95
2010-2011 7,96
2011-2012 5,61
2012-2013 3,38
2013-2014 3,49
2014-2015 5,51
2015-2016 7,02
2016-2017 6,38
2017-2018 4,53
2018-2019 3,60
2019-2020 4,02
2020-2021 5,03
2021-2022 5,81
2022-2023 5,82
2023-2024 5,12
2024-2025 4,34
2025-2026 4,16
2026-2027 4,79
2027-2028 5,60
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Figure 6.38 Marathasa River (Station: 132103088{ljsted synthetic flow with AR (14).

Table 6.27 Table of the annual AR (14) predictettisstic flow of the Marathasa River
(Station: 132103085).

Hydrologic year AR (14) predicted synthetic flow
(1 Oct.-30 Sep.) (mcm)
1993-1994 27,54
1994-1995 41,12
1995-1996 2,59
1996-1997 0,31
1997-1998 15,82
1998-1999 38,87
1999-2000 36,62
2000-2001 17,34
2001-2002 29,40
2002-2003 6,92
2003-2004 10,26
2004-2005 10,83
2005-2006 0,55
2006-2007 0,37
2007-2008 1,15
2008-2009 1,68
2009-2010 2,08
2010-2011 9,97
2011-2012 7,27
2012-2013 9,09
2013-2014 14,22
2014-2015 7,65
2015-2016 8,34
2016-2017 7,74
2017-2018 4,48
2018-2019 2,90
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Figure 6.39 Karyotis River (Station: 133304195)dicted synthetic flow with AR (15).

Table 6.28 Table of the annual AR (15) predicteatisgtic flow of the Karyotis River

(Station: 133304195).

35

Hydrologic year AR (15) predicted synthetic flow
(1 Oct.-30 Sep.) (mecm)
1999-2000 17,87
2000-2001 10,63
2001-2002 29,56
2002-2003 50,61
2003-2004 26,93
2004-2005 7,82
2005-2006 14,14
2006-2007 2,77
2007-2008 29,57
2008-2009 18,65
2009-2010 33,07
2010-2011 23,23
2011-2012 3,21
2012-2013 3,30
2013-2014 2,48
2014-2015 13,38
2015-2016 10,63
2016-2017 14,16
2017-2018 6,60
2018-2019 6,37
2019-2020 10,43
2020-2021 8,85
2021-2022 17,55
2022-2023 10,06
2023-2024 9,31
2024-2025 5,17
2025-2026 6,11
2026-2027 9,30
2027-2028 11,41
2028-2029 14,02
2029-2030 8,62
2030-2031 9,47
2031-2032 7,53
2032-2033 9,89
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Figure 6.40 Atsas River (Station: 134204790) predicynthetic flow with AR (15).

Table 6.29 Table of the annual AR (15) predicteatisstic flow of the Atsas River (Station: 134204Y.90

Hydrologic year AR (15) predicted synthetic flow
(1 Oct.-30 Sep.) (mcm)
1999-2000 0,61
2000-2001 0,53
2001-2002 0,24
2002-2003 0,44
2003-2004 0,35
2004-2005 0,76
2005-2006 0,98
2006-2007 1,38
2007-2008 0,95
2008-2009 0,57
2009-2010 0,82
2010-2011 0,77
2011-2012 0,66
2012-2013 0,49
2013-2014 0,67
2014-2015 0,61
2015-2016 0,71
2016-2017 0,86
2017-2018 1,11
2018-2019 1,35
2019-2020 1,16
2020-2021 0,97
2021-2022 0,75
2022-2023 0,82
2023-2024 0,75
2024-2025 0,71
2025-2026 0,69
2026-2027 0,78
2027-2028 0,83
2028-2029 0,82
2029-2030 0,94
2030-2031 1,01
2031-2032 1,03
2032-2033 0,88
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Figure 6.41 Elea River (Station: 135407440) predictynthetic flow with AR (15).

Table 6.30 Table of the annual AR (15) predicteatisstic flow of the Elea River (Station: 135407440)

Hydrologic year AR (15) predicted synthetic flow
(1 Oct.-30 Sep.) (mcm)
1999-2000 4,08
2000-2001 4,00
2001-2002 4,22
2002-2003 4,23
2003-2004 5,13
2004-2005 16,55
2005-2006 15,33
2006-2007 9,63
2007-2008 5,14
2008-2009 2,04
2009-2010 5,83
2010-2011 5,13
2011-2012 3,16
2012-2013 3,07
2013-2014 3,42
2014-2015 3,52
2015-2016 3,47
2016-2017 4,95
2017-2018 7,07
2018-2019 6,56
2019-2020 3,44
2020-2021 2,86
2021-2022 3,14
2022-2023 3,88
2023-2024 4,15
2024-2025 3,65
2025-2026 3,99
2026-2027 3,85
2027-2028 3,60
2028-2029 3,82
2029-2030 4,67
2030-2031 4,99
2031-2032 4,22
2032-2033 3,35
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Figure 6.42 Peristerona River (Station: 1371085663licted synthetic flow with AR (15).

Table 6.31 Table of the annual AR (15) predicteatisstic flow of the Peristerona River

(Station: 137108550).

35

Hydrologic year AR (15) predicted synthetic flow

(1 Oct.-30 Sep.) (mecm)
1999-2000 0,11
2000-2001 1,86
2001-2002 2,56
2002-2003 0,16
2003-2004 1,83
2004-2005 10,66
2005-2006 30,29
2006-2007 6,72
2007-2008 4,75
2008-2009 0,23
2009-2010 17,88
2010-2011 29,45
2011-2012 10,91
2012-2013 3,15
2013-2014 1,40
2014-2015 8,29
2015-2016 11,79
2016-2017 24,96
2017-2018 23,48
2018-2019 26,08
2019-2020 10,29
2020-2021 4,07
2021-2022 8,05
2022-2023 14,71
2023-2024 22,95
2024-2025 11,02
2025-2026 7,85
2026-2027 7,31
2027-2028 10,56
2028-2029 12,99
2029-2030 14,69
2030-2031 17,17
2031-2032 12,06
2032-2033 8,66
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Figure 6.43 Akaki River (Station: 137311690) pregitsynthetic flow with AR (15).

Table 6.32 Table of the annual AR (15) predicteatisgtic flow of the Akaki River (Station: 137311690

Hydrologic year AR (15) predicted synthetic flow
(1 Oct.-30 Sep.) (mecm)
1999-2000 8,08
2000-2001 0,29
2001-2002 0,12
2002-2003 5,79
2003-2004 6,45
2004-2005 26,11
2005-2006 72,96
2006-2007 21,48
2007-2008 15,54
2008-2009 3,07
2009-2010 10,45
2010-2011 13,53
2011-2012 4,78
2012-2013 2,57
2013-2014 1,80
2014-2015 4,59
2015-2016 6,06
2016-2017 15,06
2017-2018 17,25
2018-2019 21,20
2019-2020 10,87
2020-2021 4,38
2021-2022 5,77
2022-2023 6,64
2023-2024 9,64
2024-2025 6,74
2025-2026 6,38
2026-2027 6,53
2027-2028 7,93
2028-2029 9,52
2029-2030 10,96
2030-2031 13,37
2031-2032 10,02
2032-2033 7,67
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Figure 6.44 Pedios River (Station: 161113185) mtedi synthetic flow with AR (15).

Table 6.33 Table of the annual AR (15) predictetisstic flow of the Pedios River
(Station: 161113185).

Hydrologic year AR (15) predicted synthetic flow
(1 Oct.-30 Sep.) (mcm)
1993-1994 0,83
1994-1995 1,65
1995-1996 3,07
1996-1997 2,39
1997-1998 0,47
1998-1999 0,25
1999-2000 0,42
2000-2001 1,11
2001-2002 1,29
2002-2003 2,74
2003-2004 3,64
2004-2005 5,01
2005-2006 4,81
2006-2007 7,24
2007-2008 8,19
2008-2009 11,75
2009-2010 11,31
2010-2011 7,87
2011-2012 5,11
2012-2013 4,62
2013-2014 4,71
2014-2015 4,12
2015-2016 2,75
2016-2017 2,24
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Figure 6.45 Yialias River (Station: 165115385) ficextl synthetic flow with AR (10).

Table 6.34 Table of the annual AR (10) predicteatisgtic flow of the Yialias River
(Station: 165115385).

Hydrologic year AR (10) predicted synthetic flow
(1 Oct.-30 Sep.) (mcm)
1999-2000 0,26
2000-2001 0,02
2001-2002 0,19
2002-2003 0,54
2003-2004 0,85
2004-2005 0,77
2005-2006 2,03
2006-2007 2,45
2007-2008 1,51
2008-2009 2,29
2009-2010 6,77
2010-2011 12,90
2011-2012 7,61
2012-2013 3,61
2013-2014 2,96
2014-2015 3,16
2015-2016 2,79
2016-2017 2,02
2017-2018 2,11
2018-2019 2,50
2019-2020 2,34
2020-2021 2,02
2021-2022 2,21
2022-2023 3,06
2023-2024 3,55
2024-2025 3,32
2025-2026 3,11
2026-2027 3,25
2027-2028 3,36
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The average of the 35 years of monitored data lhawrs that the average of 35

years is 72.19 million cubic meters of surface flpar year. The average of predicted

20 years as shown through above Figures and T&bl&8.9 million cubic meters per

year. The result shows the reliability of the potelil surface runoff data. Fig.6.46 and

Fig. 6.47 shows average annual surface runoff ofitoeed and predicted data. The

surface runoff tables for annual averages are givéippendix 4.1 and 4.2.
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Figure 6.46 Annual surface runoff of the 10 riveriginating from Troodos Mountains.
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Figure 6.47 Predicted annual surface runoff ofliBeivers originating from Troodos Mountains.
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CHAPTER 7
CONCLUSIONS AND RECOMMENDATIONS

The knowledge of river flow characteristics and eration of synthetic river flow
data is important in planning, design and operabiowater resources systems.

The common procedure in modeling river flow seige$o standardize the series
and then fit an appropriate stochastic model ag t@ries. Autoregressive model (AR)
provides a powerful tool for the modeling of rivélow series in particular. The
Autoregressive models involve iterative steps of deloidentification, parameter
estimation, model diagnosis and fitting the reslslua

The main purposes of this dissertation were ta fihodel to represent a river flow
data of 10 rivers at Northern part of Cyprus. Thadeling was build on the estimate of
parameters, modeling the residuals, generatinghstiot river flows and check for
goodness of fit to the monitored data. Finally, fimglings were used to evaluate the
synthetic series for future flow predictions.

The study on available data demonstrated thatAR® (hodel was an efficient and
reliable technique in which, the model identificatitechnique was supplemented by the
Akaike’s information criterion (AIC) in order to dele the type and the order of the
model. The Box-Pierce Porte Manteau test is usetieok the dependency of residuals.

We used annual river flow data for the 10 rivergiing from Troodos Mountains
in order to illustrate the model implementation.eThiness of good of the results was
tested against monitored data by the help of efficy index. The result shows that the
synthetic series are in good relation with the ol river flow discharges.

Secondly, we searched for the connection betweenvéds in terms of surface
runoff and their spatial distribution. The surfatmoff magnitudes of the streams were
differing from each other depending on the magmitatithe precipitation and the drainage
area characteristics of the watershed. The sigmée of the correlation of the rivers is all
tested via hypothesis test with a significance ll@fe90%. The results of the hypothesis
tests prove that the river flows are “strongly” drdry strongly” dependent on each other.
The positive correlation is due to the equivaldimhatic factors of the region and their
homogenous spatial distribution. It is also fouhdttthe correlation shifts from “very
strong” to “strong” is due to the anthropogeniawates which increases from west to east.
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Thirdly, for analysis and design of water resoursgstems, it iS sometimes
required to generate a relationship between rdiafad runoff. This was important to be
able to identify the transition from “none or negfle” flow condition to surface flow
condition. The result has shown that around 250¥800 annual precipitation is
considerably enough to initiate surface flow attére basins. The regression model is used
to model Rainfall-Runoff relationship which gives exponential relationship between the
parameters. During the analysis, the drainage aapdstheir slopes due to topographic
conditions are also considered to generate a uregpenential regression equation for
defining Rainfall-Runoff relationship of all thevar basins in the study area. The resultant
equation was a generalized equation Wth0.75.

The methods presented in this research allow useate future flow predictions
for 10 rivers. For this purpose, AR (10), AR (18R (14), AR (15) autoregressive models
are used to generate expected flows up to 2020.pféaicted flows has shown that the
mean annual average flows are expected to incraasend 9% in the upcoming years
rising from 72.19 million cubic meters to 78.9 nali cubic meters. These results are
approximately 20% less than what is proposed bi/(R&03).

As part of the future work, it is recommended to@ate stochastic modeling for
the downstream drainage areas of the 10 rivers hichwthe surface geology totally
changes and surface flow turns to be a subsuriage due to the gravel and pebbles
distributed all around the river beds. Also, thieetf of dense vegetal cover on surface flow
at the upstream side of the rain gages can be iaatiog study to develop the findings in

this thesis.
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APPENDIX 1

Appendix 1.1 Table of the hydrologic annual surfaggoff volume of the Limnitis River
(Station: 128301810).

Hydrologic year Surface runoff
(1 Oct.-30 Sep.) (mcm)
1966-1967 20,34
1967-1968 15,91
1968-1969 25,55
1969 1970 4,19
1970 1971 7,33
1971-1972 3,45
1972-1973 4,00
1973-1974 9,80
1974-1975 15,62
1975-1976 16,82
1976-1977 12,79
1977-1978 23,37
1978-1979 7,81
1979-1980 16,07
1980-1981 18,14
1981-1982 6,01
1982-1983 11,70
1983-1984 8,51
1984-1985 8,67
1985-1986 3,59
1986-1987 17,46
1987-1988 18,36
1988-1989 11,95
1989-1990 4,24
1990-1991 1,50
1991-1992 15,65
1992-1993 12,53
1993-1994 6,00
1994-1995 5,00
1995-1996 3,30
1996-1997 3,00
1997-1998 5,00
1998-1999 6,00
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Appendix 1.2 Table of the hydrologic annual surfaagoff volume of the Xeros River
(Station: 131101770).

Hydrologic year Surface runoff
(1 Oct.-30 Sep.) (mcm)
1970- 1971 6,00
1971-1972 3,00
1972-1973 2,00
1973-1974 5,00
1974-1975 7,80
1975-1976 6,20
1976-1977 6,25
1977-1978 6,40
1978-1979 6,00
1979-1980 8,70
1980-1981 7,40
1981-1982 5,80
1982-1983 5,00
1983-1984 4,60
1984-1985 3,00
1985-1986 4,00
1986-1987 9,20
1987-1988 9,50
1988-1989 5,00
1989-1990 1,30
1990-1991 0,74
1991-1992 10,75
1992-1993 8,52
1993-1994 4,00
1994-1995 3,20
1995-1996 1,80
1996-1997 1,70
1997-1998 3,00
1998-1999 3,45
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Appendix 1.3 Table of the hydrologic annual surfaggoff volume of the Marathasa River
(Station: 132103085).

Hydrologic year Surface runoff
(1 Oct.-30 Sep.) (mcm)
1967-1968 9,78
1968-1969 17,48
1969-1970 3,70
1970-1971 5,40
1971-1972 3,44
1972-1973 1,14
1973-1974 2,41
1974-1975 8,80
1975-1976 6,35
1976-1977 5,87
1977-1978 9,97
1978-1979 3,83
1979-1980 6,85
1980-1981 8,11
1981-1982 4,94
1982-1983 6,38
1983-1984 5,57
1984-1985 4,80
1985-1986 2,41
1986-1987 7,74
1987-1988 8,76
1988-1989 7,85
1989-1990 2,86
1990-1991 1,76
1991-1992 7,38
1992-1993 7,35
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Appendix 1.4 Table of the hydrologic annual surfaggoff volume of the Karyotis River
(Station: 133304195).

Hydrologic year Surface runoff
(1 Oct.-30 Sep.) (mcm)
1965-1966 11,51
1966-1967 22,72
1967-1968 19,17
1968-1969 35,93
1969-1970 7,38
1970-1971 11,94
1971-1972 8,63
1972-1973 3,23
1973-1974 6,18
1974-1975 13,80
1975-1976 12,69
1976-1977 8,81
1977-1978 14,89
1978-1979 7,50
1979-1980 12,99
1980-1981 16,20
1981-1982 9,04
1982-1983 10,81
1983-1984 7,48
1984-1985 9,57
1985-1986 3,38
1986-1987 14,50
1987-1988 16,99
1988-1989 14,36
1989-1990 4,08
1990-1991 2,04
1991-1992 15,79
1992-1993 15,16
1993-1994 9,20
1994-1995 7,20
1995-1996 4,10
1996-1997 3,60
1997-1998 4,80
1998-1999 5,60
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Appendix 1.5 Table of the hydrologic annual surfaggoff volume of the Atsas River
(Station: 134204790).

Hydrologic year Surface runoff
(1 Oct.-30 Sep.) (mcm)
1965-1966 1,32
1966-1967 9,54
1967-1968 2,63
1968-1969 8,67
1969-1970 0,57
1970-1971 1,60
1971-1972 1,30
1972-1973 0,12
1973-1974 0,36
1974-1975 1,23
1975-1976 1,18
1976-1977 0,40
1977-1978 1,42
1978-1979 0,41
1979-1980 1,29
1980-1981 2,69
1981-1982 0,52
1982-1983 0,46
1983-1984 0,27
1984-1985 0,74
1985-1986 0,01
1986-1987 0,68
1987-1988 1,55
1988-1989 3,32
1989-1990 0,21
1990-1991 1,60
1991-1992 3,47
1992-1993 511
1993-1994 1,20
1994-1995 0,80
1995-1996 0,08
1996-1997 0,04
1997-1998 0,08
1998-1999 0,08
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Appendix 1.6 Table of the hydrologic annual surfaggoff volume of the Elea River
(Station: 135407440).

Hydrologic year Surface runoff
(1 Oct.-30 Sep.) (mcm)
1965-1966 4,70
1966-1967 15,22
1967-1968 6,71
1968-1969 27,23
1969-1970 2,91
1970-1971 7,60
1971-1972 5,45
1972-1973 0,54
1973-1974 5,08
1974-1975 8,13
1975-1976 7,19
1976-1977 4,41
1977-1978 6,27
1978-1979 2,40
1979-1980 6,81
1980-1981 10,20
1981-1982 3,01
1982-1983 1,65
1983-1984 1,81
1984-1985 4,91
1985-1986 0,19
1986-1987 4,27
1987-1988 8,22
1988-1989 9,81
1989-1990 0,97
1990-1991 0,11
1991-1992 10,86
1992-1993 12,73
1993-1994 4,00
1994-1995 3,20
1995-1996 0,50
1996-1997 0,30
1997-1998 0,40
1998-1999 0,40
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Appendix 1.7 Table of the hydrologic annual surfaaeoff volume of the Peristerona River
(Station: 137108550).

Hydrologic year Surface runoff
(1 Oct.-30 Sep.) (mcm)
1965-1966 11,30
1966-1967 26,29
1967-1968 16,39
1968-1969 38,97
1969-1970 591
1970-1971 14,78
1971-1972 11,88
1972-1973 1,67
1973-1974 11,03
1974-1975 16,86
1975-1976 13,12
1976-1977 8,79
1977-1978 13,03
1978-1979 8,61
1979-1980 18,42
1980-1981 20,30
1981-1982 7,98
1982-1983 10,43
1983-1984 8,56
1984-1985 14,85
1985-1986 5,52
1986-1987 17,30
1987-1988 21,41
1988-1989 19,99
1989-1990 5,56
1990-1991 2,80
1991-1992 22,39
1992-1993 22,23
1993-1994 13,75
1994-1995 10,00
1995-1996 5,00
1996-1997 3,75
1997-1998 5,00
1998-1999 5,00
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Appendix 1.8 Table of the hydrologic annual surfaasoff volume of the Akaki River
(Station: 137311690).

Hydrologic year Surface runoff
(1 Oct.-30 Sep.) (mcm)
1965-1966 10,11
1966-1967 25,07
1967-1968 13,92
1968-1969 45,02
1969-1970 3,82
1970-1971 12,28
1971-1972 10,51
1972-1973 0,76
1973-1974 6,92
1974-1975 11,59
1975-1976 12,58
1976-1977 8,13
1977-1978 10,55
1978-1979 6,74
1979-1980 17,34
1980-1981 16,84
1981-1982 4,75
1982-1983 6,06
1983-1984 4,60
1984-1985 9,78
1985-1986 3,50
1986-1987 9,72
1987-1988 15,80
1988-1989 17,78
1989-1990 4,73
1990-1991 1,53
1991-1992 19,58
1992-1993 17,81
1993-1994 11,00
1994-1995 8,00
1995-1996 1,90
1996-1997 0,90
1997-1998 2,40
1998-1999 3,70
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Appendix 1.9 Table of the hydrologic annual surfaasoff volume of the Pedios River
(Station: 161113185).

Hydrologic year Surface runoff
(1 Oct.-30 Sep.) (mcm)
1967-1968 3,55
1968-1969 12,88
1969-1970 1,11
1970-1971 5,02
1971-1972 4,44
1974-1975 7,08
1975-1976 6,01
1976-1977 2,83
1977-1978 3,90
1978-1979 2,61
1979-1980 5,09
1980-1981 5,20
1981-1982 1,59
1982-1983 2,42
1983-1984 1,81
1984-1985 3,60
1985-1986 1,71
1986-1987 3,27
1987-1988 5,48
1988-1989 7,25
1989-1990 2,29
1990-1991 0,93
1991-1992 8,84
1992-1993 7,30
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Appendix 1.10 Table of the hydrologic annual suefaenoff volume of the Yialias River.
(Station: 165115385).

Hydrologic year Surface runoff
(1 Oct.-30 Sep.) (mcm)
1970-1971 5,25
1971-1972 2,50
1972-1973 1,00
1973-1974 4,50
1974-1975 7,50
1975-1976 4,50
1976-1977 2,82
1977-1978 2,75
1978-1979 3,27
1979-1980 8,64
1980-1981 6,99
1981-1982 1,52
1982-1983 1,41
1983-1984 1,89
1984-1985 4,59
1985-1986 1,05
1986-1987 2,12
1987-1988 6,03
1988-1989 9,25
1989-1990 1,60
1990-1991 0,48
1991-1992 13,14
1992-1993 11,95
1993-1994 6,00
1994-1995 3,50
1995-1996 0,55
1996-1997 0,70
1997-1998 0,90
1998-1999 0,80
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APPENDIX 2
Appendix 2.1 Sample study for deriving synthetic spuence
The river flows are skewed distributed. The yeailyface runoff data’s are

converted to normal distribution with Box-Cox tréorsnation.

Appendix 2.1.1 The difference between flow andtfarmed flow data of the rivers.

Flow data (mcm) Box-Cox transformed data (mcn)

Stream K g o K g o
name (Mean) (Skewness) (Standard (Mean) (Skewness) (Standard
deviation) deviation)
Limnitis 10,60 0,54 6,56 3,51 0,006 1,58
Xeros 5,15 0,30 2,67 3,00 0,004 1,72
Marathasa 6,19 1,30 3,40 2,47 0,011 1,12
Karyotis 10,92 1,62 6,73 2,92 0,013 1,02
Atsas 1,62 2,54 2,22 -0,18 -0,016 1,40
Elea 5,53 2,10 5,46 1,76 0,007 1,84
Peristerona 12,91 1,13 7,89 3,96 0,018 1,59
Akaki 10,46 2,10 8,59 2,97 0,023 1,62
Pedios 4,42 1,26 2,82 1,53 0,013 0,86
Yialias 4,04 1,17 3,45 1,14 0,002 1,08

For sample study Akaki River (Station: 13761139%€lested. After converting
the skewed distributed surface runoff data’s tonradr distribution, autocorrelation

coefficients are found to obtain the internal defssties between sequences.
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Appendix 2.1.2 Table of the autocorrelation coédfits between skewed distributed surface runo#i.dat

Lag (k) Autocorrelation coefficients )
1 0,23
2 0,04
3 -0,07
4 -0,17
5 -0,04
6 -0,08
7 0,01
8 -0,03
9 0,04
10 -0,14
11 0,07
12 0,20
13 0,18
14 0,08
15 -0,15
16 -0,10
17 -0,07
18 0,04
19 -0,12
20 0,01
21 0,00
22 -0,12
23 0,09
24 0,12
25 0,13
26 0,10
27 -0,07
28 -0,16
29 -0,18
30 -0,19
31 -0,09
32 -0,05
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To use the suitable model and check the linearitythe autocorrelation
coefficients, Hp hypothesis is derived. The Hypothesldg) is the revised normal

distribution for autocorrelation coefficient of B&ox transformed data.

g, =——=——=—=0171 (A2-1)

The acceptance interval &f, hypothesis with the confidence lewe0.05 is
+ 196 from standard normal distribution table.
+Z,,0, =+1960, =+0,335 (A2-2)
Since allrg values are in the interval &f0, 33BeH, hypothesis is true.

The first autocorrelation coefficientr;f is equal to first autoregressive

coefficients @), in first order Markov model AR (1) .The other tategressive

coefficients @.,, 4., 4.5 --- ¢.,) find with the above matrix.

s h" N
T.ry rp rg 1y = ¢, £
o 1org g Ty L. By 2 T2

r

z M 1 Yz «-on TPg ¢3 3

'poi’p2p-3"p-4p-s5---- 1
~ e . 8 F 4

First order Markov model equation for Akaki River i
y; =0,232y,, +¢ (A2-3)
Second order Markov model equation for Akaki Rixger

y, = 0,236y, —0,018y,_, + ¢ (A2-4)
Third order Markov model equation for Akaki River i

y;i= 0,235y, , +0,002y,_, —0,083y,_; + ¢ (A2-5)
First order autoregressive moving average modedtamufor Akaki River is;

y, =0159y, , +& +0077¢, (A2-6)
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To find the maximum likelihood estimate of the desl variance of first order
Markov model AR (1);

Y, =0232y,, +¢ (A2-7)
To take the square of both sides;

Yi2 = (01232%—1 t& )2 (A2-8)

Yi2 = 0,232 * yi—12 +2%0,232" y, *U£+Ue2 (A2-9)

The predicting values are written;

12 =0,232*1% +2* 0,232*1* 0, +0,° (A2-10)
The result will be two roots, =0,768and o, =-1 231 (A2-11)
Positive rooto, =0, 76®ill be selected analfgl2 =0, 590 (A2-12)

To find the maximum likelihood estimate of the cesl variance of second

order Markov model AR (2);

y, = 0,236y, , —0,018y, , +¢£, (A2-13)
To take the square of both sides;

y;> = (0,236y,, —0,018y, , +¢,)° (A2-14)

y> =0236*y._*+001&8y )’ +0.° (A2-15)
The predicting values are written;

12 =0,236°*1+ 0,018 *1+0,” (A2-16)
The result will be;

o, =0972 ando,” = 0944 (A2-17)
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To find the maximum likelihood estimate of the cesl variance of third order
Markov model AR (3);

y,= 0,235y, , +0,002y, , — 0,083y, , +¢, (A2-18)
To take the square of both sides;

yi’= (0,235y, , + 0,002y, , —0,083y, , +¢&,)? (A2-19)

yi’=0235*y > +0002*y ,°+008%y, . +0,° (A2-20)
The predicting values are written;

12 = 0,235 *1% + 0,002 *1°> + 0,08F *1° + 0,° (A2-21)
The result will be;

o, =0969 ando,” = 0,938 (A2-22)
To find the maximum likelihood estimate of the desl variance of first order

autoregressive moving average model ARMA (1, 1);

y, = 0159, , +& +0077,, (A2-23)
To take the square of both sides;

y.> = (0159y, , +& +0,077¢_,)> (A2-24)

y> =0159*y._*+0,7 +0077* 0’ (A2-25)
The result will be;

o, =0985ando,’ = 0969 (A2-26)
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The method for testing the model suitability is Adeinformation criterion. The
model, which gives the minimu&lC number, is AR (1) to be selected.

For AR (1) 34In 0,590+ 2(1) = 1594 (A2-27)
For AR (2) 34In 0,944+ 2(2) = 204 (A2-28)
For AR (3) 34In 0,938+ 2(3) = 382 (A2-29)
For ARMA (1,1)  34In0969+ 2(2) = 293 (A2-30)

The otherAlC number results which are used in the models arengiu the
following table.

Appendix 2.1.3 Table of the Akaike information eria numbers of models.

Akaike information criteria (AlC)
Stream name AR (1) AR (2) AR (3) ARMA (1,1)

Limnitis -2256 0,56 1,74 1,14
Xeros -28 -23 -31 -

Marathasa -9,24 0,65 2,89 -

Karyotis -24 -0,89 1,19 0,61
Atsas -29,24 -0,31 1,62 -18,76
Elea -19,01 1,20 3,24 2,58

Peristerona -9,55 2,82 4,54 -5,83
Akaki -15,94 2,04 3,82 2,93

Pedios 6,90 2,82 3,99 -

Yialias -20,90 -9,58 -11,39 -

* The bold numbers are the ones chosen for theystud

After determining the suitable model and calculgtine parameters, the second
stage is deriving of the synthetic sequences. Birall to determine values for; normal

and independent residuals
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Appendix 2.1.4 To determine values for; normal amtpendent residuads ;

Z, Z, Standard normal Residuals for AR (1) model
Uniform random random numbe equation
numbers between (0-1) ~ 2
(n) Zy; _(_Zln”n) 095(27773) £ =u +0.Z [, =0

Z, =(-2Inn,)"?sin@m,)
n, 0,37 Z, 0,44 & 0,34
n, 0,80 z, -1,35 £, -1,04
s 0,67 Z, 0,76 £, 0,58
n, 0,09 z, 0,47 £, 0,36
s 0,46 Z -0,56 s -0,43
e 0,32 Z 1,12 & 0,86
n, 0,22 Z, -0,59 £, -0,45
My 0,31 Z, 1,63 g 1,25
1, 0,54 Z, 0,71 & 0,54
Mo 0,86 Z, -0,86 £ -0,66
N 0,30 Z, 1,19 £, 0,92
N, 0,11 Z, 0,99 £, 0,77
N 0,22 Z,, 1,31 .5 1,00
Ny 0,11 Z, 1,14 £ 0,87
N 0,35 Z,s 1,45 s 1,12
Ny 0,99 Z.e -0,13 £ -0,10
n. 0,68 Z, -0,85 £, -0,65
Ny 0,46 Z.q 0,24 g 0,19
I 0,34 Z, -1,41 o -1,08
Moo 0,46 Z 0,39 Eqo 0,30
N,y 0,88 Z, 0,52 £, 0,40
Nyy 0,99 Z,, -0,01 £,y -0,01
s 0,43 Z,, -0,57 £,y -0,44
Mo 0,68 Z,, -1,16 £, -0,89
Ny 0,75 Z -0,72 s -0,55
Noe 0,45 Z 0,23 Eqg 0,18
Ny, 0,98 Z,, 0,05 £,y 0,04
Mg 0,79 Z -0,19 Eqg -0,15
Mo 0,75 Z 0,72 Eqg 0,55
Nao 0,95 Z. -0,23 Eqp -0,17
Nsy 0,68 Z, -0,81 £y -0,62
Nsp 0,44 Z,, 0,35 Esp 0,27
Nas 0,35 Z., -0,47 Eas -0,36
Nas 0,70 Z., -1,37 Eqs -1,05
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Autocorrelation coefficients of the residuals amurfd to find the internal

dependencies between sequences of residuals.

Appendix 2.1.5 Table of the autocorrelation coédirts between residuals for AR (1) model equation.

Lag (k) Autocorrelation coefficients )
1 0,06
2 0,10
3 0,24
4 -0,18
5 0,13
6 0,03
7 0,15
8 0,04
9 0,02

10 -0,13
11 -0,19
12 0,02
13 -0,25
14 0,12
15 0,09
16 -0,19
17 0,10
18 -0,06
19 -0,21
20 -0,11
21 -0,02
22 -0,12
23 -0,02
24 0,03
25 -0,10
26 -0,01
27 -0,06
28 -0,04
29 0,08
30 -0,07
31 -0,01
32 0,07
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To check the linearity of the autocorrelation cmédints of the residualdily
hypothesis is derived. The Hypothesidp) is the revised normal distribution for

autocorrelation coefficient of residuals.

=—=—_=0171 (A2-31)

The acceptance interval &f, hypothesis with the confidence lewet0.05 is

+ 196 from standard normal distribution table.
+*Z,,0, =*1960, =+0335 (A2-32)
Since allrg values are in the interval af0, 38&Hyhypothesis is true.

The Box-Pierce Porte Manteau test used for, tolcliee residuals,, whether

they are independent and normal. This test is bgesfatistical formulation o).
m 2

Q=n)r, (A2-33)
k=1

Where; I',. is the autocorrelation coefficients of residualss the sample size;

mis the maximum lag (between 6:0.3n).

10

Q= 342 0,06F +0,104” + 0,24F +0184* + 0132 (A2-34)
k=1

Q=567 Degree of freedom=10-1=9 (A2-35)

To check the dependency and linearity for the autetation coefficients of
residuals, Ho hypothesis is derived. The Hypothesidp) is the revised normal
distribution and independent for autocorrelatioefioient of residuals.

The acceptance interval by hypothesis with the confidence lewet0.05 and
degree of freedom=9 i46 92rom X? distribution table. Since692> 56%he Ho

hypothesis is true.
Finding they; values from AR (1) model equation.
y, =0,232y,_, +¢& (A2-36)
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Appendix 2.1.6 To determine values foX; synthetic flow values for AR (1) model equation.

y," values for AR (1) X, synthetic flow values
yi values for AR (1) model equatiol for AR (1) model equation
model equation

Y U, oY, 03y, +D"* =X,
v, 0,00 y! 2,97 X, 8,36
Y, -1,04 y, 1,29 X, 2,98
Vs 0,34 Y, 3,52 X, 11,07
Y 0,44 Y, 3,68 X, 11,92
Vs 0,33 V. 2,44 X, 6,23
Ye 0,79 yG' 4,24 X 15,43
Y, 0,27 y, 2,54 X, 6,60
Y 1,19 " 4,89 X 20,32
Y 0,82 . 4,30 X, 15,80
Y10 -0,47 ylc' 2,21 X0 5,45
Vau 0,81 yi, 4,28 X, 15,66
Vi 0,95 V., 4,51 X, 17,36
Vis 1,23 V.. 4,95 X, 20,81
Vie 1,16 Vi 4,84 X, 19.90
Ve 1,38 Vid 5,21 X, 23,04
Vie 0,22 Vi 3,32 X, 10,04
Vi 0,60 v, 1,99 X,, 4,77
Vie 0,05 Vi 3,05 X4 8.70
Vio -1,07 Vid 1,23 X 2.86
Yoo 0,05 v, 3,06 X 40 8,75
Var 0,41 V.o 3,63 X 11,65
Y.y 0,09 v, 3,11 X, 9,01
Vi -0,42 v, 2,30 X 5, 5,74
V.. -0,99 Vi 1,37 X, 3,14
V. 0,78 Ve 1,71 X 55 3,97
V.. -0,01 v, 2,96 X 56 8,33
Y27 0,04 Y27| 3,03 Xy 8,63
Yoo 0,14 V! 2,75 X 5s 7,42
Vi 0,52 V.. 3,81 X, 12,70
Ya0 -0,05 Yac 2,88 X3 7,99
Yar -0,63 Vi 1,95 X, 4,63
V., 0,12 v, 3,17 X1 9,27
Y -0,33 Vs 2,44 X s 6,23
Vas -1,13 Yas 1,15 X, 2,68
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Appendix 2.2 Sample study for deriving predicting gnthetic sequence

For sample study Akaki River (Station: 137311696)ested. The degree of
synthetic sequence is important in predicting flowisthe degree of the synthetic
sequence increases, value suitability increasest’sTwhy AR (15) model selected for
synthetic sequences to predict synthetic sequeBgeusing the same calculation
procedure as the above study, fifteenth order egtessive moving average model

equation for Akaki River is;

y, = 0,243y, , —0011y. , + 0,014y, , —0188y._, + 0,068y, . — 0109y,  +0,061y, .

— 0,057y, 4 +0127y, 4 - 0,235y, o + 0110y, ;, + 0112y, ,, + 0132y, ,;, — 003y, 4,

- 0115y, .. (A2-37)

To find the maximum likelihood estimate of the ksl variance of fifteenth
order Markov model AR (15), to take the squareathtsides;

y?=024%Fy *+001%y > +0014y > +0188y > +006&8y, . + 0109y, °

+0,06%y > +0057°y, > +0127°y, > +0,235y,,,° +011CPy, ,,> + 0112%y, .°

+0132%y ,.° + 003y, > +0115y, ..~ (A2-38)

The predicting values are written;

1 =0,243 *1* + 0,01 *1* + 0,014 *1* + 0188 * 1* + 0,068 * 1* + 0,109 * 1* + 0,061 *1°

0,057°*1* +0127°*1% + 0,235 *1* + 0110° *1* + 0112* * 1 + 0132 *1* + 00F *1°

+0115 *1° (A2-39)
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The result will be;

o, =0868 ando,’ = 0,754 (A2-40)

After determining the suitable model and calculgtine parameters, the second
stage is deriving of the synthetic sequences. Byguke same calculation procedure as
the above study, uniform random numbers betweel) @id standard normal random

numbers for normal and independent residgaése found.

The formula for residual ;

& =U +O0.Z (A2-41)

Where; U, is the mean of residugl; (4, =0); o, is the standard deviation of

residual; .

Appendix 2.2.1 Table of the residuals for AR (1%d=l equation.

-0,70 0,30 -0,41 -1,19

Autocorrelation coefficients of the residuals amurfd to find the internal

dependencies between sequences of residuals.
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Appendix 2.2.2 Table of the autocorrelation coédfits between residuals for AR (15) model equation.

Lag (k) Autocorrelation coefficients )
1 0,06
2 0,10
3 0,24
4 -0,18
5 0,13
6 0,03
7 0,15
8 0,04
9 0,02
10 -0,13
11 -0,19
12 0,02
13 -0,25
14 0,12
15 0,09
16 -0,19
17 0,10
18 -0,06
19 -0,21
20 -0,11
21 -0,02
22 -0,12
23 -0,02
24 0,03
25 -0,10
26 -0,01
27 -0,06
28 -0,04
29 0,08
30 -0,07
31 -0,01
32 0,07
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To check the linearity of the autocorrelation cmédints of the residualdily
hypothesis is derived. The Hypothesidp) is the revised normal distribution for

autocorrelation coefficient of residuals.
o, =—==—7==0171 (A2-42)

The acceptance interval &f, hypothesis with the confidence lewe0.05 is

+ 196 from standard normal distribution table.
+Z,,,0, =+1960, =+0,335 (A2-43)

Since allrg values are in the interval &f0, 38&Hy hypothesis is true.
The Box-Pierce Porte Manteau test used for, tolcliee residuals,, whether

they are independent and normal. This test is bgesfatistical formulation of.
m 2

Q=n)r, (A2-44)
k=1

Where; I . is the autocorrelation coefficients of residualss the sample size;

m is the maximum lag (between 6-Q.3n).

10

Q= 342 0,063 +0,104" + 0,243 + 0184 + 0132 (A2-45)
k=1

Q=567 Degree of freedom=10-1=9 (A2-46)

To check the dependency and linearity for the aurtetation coefficients of
residuals, Ho hypothesis is derived. The Hypothesido) is the revised normal
distribution and independent for autocorrelatioefioient of residuals.

The acceptance interval by hypothesis with the confidence lewet0.05 and
degree of freedom=9 i46 9Zrom X? distribution table. Sinc692> 56%he Hy

hypothesis is true.
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Finding they; values from AR (15) model equation;

y, =0243y, , -0011y, , + 0,014y, , - 0188y, , + 0,068y, . - 0109y, , + 0,061y

— 0057y, 5 +0127y, 4 - 0,233y, 4, + 0110y, ;; + 0112y, ;, + 0132y, ,, — 003y, 4,

-0115y, . (A2-47)

Appendix 2.2.3 Table of thy values for AR (15) model equation.

yl y2 y3 y4 y5 y6 y7 yB y9 le

0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,4

yll y12 y13 yl4 y15 yl6 yl7 y18 y19 y20

0,00 0,00 0,00 0,00 0,00 -0,12 -0,7¢ 0,03 -1,21 60,(

y21 y22 y23 y24 y25 y26 y27 y28 y29 y30

0,61 0,08 -0,17| -1,18| -0,85 -0,12 0,27 -0,14 0,850,0F

y31 y32 y33 y34

-0,97 0,11 -0,51 -0,84
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Converting the standardized values into non-statzked form;

y,' = M, + T, %Yy, (A2-48)
Appendix 2.2.4 Table of thg/i' values for AR (15) model equation.

Y, Y, Vs A Ys Yo Y7 Yo Yo Yio

2,97 2,97 2,97 2,97 2,97 2,97 2,97 2,97 2,97 2,97
Yuo | Y [ Ys o [ Yuo [ Vs | Y | Y [ Y | Ve | Yo

2,97 2,97 2,97 2,97 2,97 2,78 1,73 3,01 1,01 3,06
Yoo | Yo | Y | Ya [ Ys | Y | Ya | Ya | Ve | Yao

3,96 3,10 2,69 1,06 1,59 2,77 3,33 2,74 4,34 2,86
y?;lI y32I y33I y34I

1,40 3,15 2,14 1,61
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To find the synthetic flow values;

03y,' +1)"%* =X, (A2-49)

Appendix 2.2.5 Table of the synthetic flow values AR (15) model equation.

8,36 8,36 8,36 8,36 8,36 7,57 4,07 8,55 2,42 8,18

X31 x32 X33 x34

3,21 9,19 5,23 3,71

Predicting the synthetic sequences and findingptieelictedy, values using the

model equation AR (15);

y, = 0,243y, , —0011y, , + 0,014y, , — 0188y, + 0,068y, . — 0109y,  +0,061y, .

— 0,057y, 4 +0127y, 4 - 0,235y, 4, + 0110y, ;, + 0112y, ,, + 0132y, ,; — 003y, 4,

-0115y,_ (A2-50)
i-15
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Appendix 2.2.6 Table of the predictygdvalues for AR (15) model equation.

Y35 Y36 Y37 Yas Y39 Yao Y Yar Yas Yaa
-0,04 | -2,47 | -2,80| -0,41| -0,29 1,59 3,57 1,28 0,801,0%
Yas Yae Va7 Yag Yao Yso Y51 Ys, Ys3 Ysa
0,27 0,61 -0,60| -1,16| -1,44 -0,64 -0,36 0,7% 0,95 ,251
Yss Ys6 Ys7 Yss Ys9 Yeo Ye1 Ye2 Yes3 Yea
0,32 -0,69 | -0,41| -0,26| 0,17 -0,24 -0,3p -0,28 -0,00,16
Yes Yes Yer Yes

0,33 0,59 0,22 -0,10
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Converting the standardized values into non-statzked form;

y,' = My, +0,*Y, (A2-51)
Appendix 2.2.7 Table of the predictyd values for AR (15) model equation.

3/35I ye,eI y37I 3/38I y39I y4oI 3/41I 3/42I Va3 y44I

2,90 -1,02 -1,56 2,31 2,50 5,54 8,74 5,03 4.2 1,33
Yos | Ya | Yar | Yas | Yao | Yeo | Ysi | Ys2 | Yes | Veu

3,41 3,95 1,99 1,09 0,64 1,93 2,39 4,19 4.5 4,99
Yss | Yes | Ysr | Yss | Yeo | Yeo | Yer | Yo | Yes | Yeu

3,49 1,86 2,31 2,55 3,25 2,58 2,48 2,52 2,8 3,22
Yes Yoo Yer Yes

3,50 3,92 3,32 2,81
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To find the synthetic predicting flow values;

03y,' +1)"%* =X, (A2-52)

Appendix 2.2.8 Table of the synthetic predicteavfiealues for AR (15) model equation.

X35 X36 X37 X38 X39 ><40 X41 X42 X43 X44

8,08 0,30 0,12 5,79 6,45 26,11 72,96 21,48 15|5407 3,

X45 x46 x47 X48 x49 x50 X51 x52 x53 X54

10,87 | 4,39 5,77 6,64 9,64 6,74 6,389 6,58 7,93 9,53

X65 X66 X67 X68

10,96 | 13,37 | 10,02 | 7,67

Finding the predicting errors parameters, ghecoefficients;

Forp=1y, =@

Forp=2¢, =q@° +¢@ (A2-53)
For p=3¢; =gy, + oy, + ¢,

Forp=n¢, =@y, .+ @Y, + @Y. s+.- QW
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Appendix 2.2.9 Table of the predicted error paramgetor AR (15) model equation.

‘// 1 4”2 l/’s ‘//4 wS wﬁ ‘l/7 wB l/’g wlo
024 |005 | 002 | -018 -002 -0,10 0,01 -001 0,10 ,140

wll wlz w13 w14 wlS wlﬁ w17 w18 w19 wZO
001 |[016 | 015 | 012| -0,13 -006 -0,00 -0,04 -0,02,030

‘//21 w22 l//23 ‘//24 l//25 l//26 ‘//27 l//28 l//29 ‘//30

0,06 -0,01 | -0,01|, -0,03| 0,08 0,04 -0,00 -0,04 -0,0%0,01

wSl ‘/’32 ‘//33 ‘/’34

-0,02 0,03 0,03 0,03

Finding the predicting errors variance;

Varle (1)] = 'iwpzaf (A2-54)
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Appendix 2.2.10 Table of the predicted error vaz@for AR (15) model equation.

Varle @] | Varle ()] | Varle 3] | Varle (4)] | Varle (5)] | Varlg 6)] | Varle (7)]
0,75 0,80 0,80 0,80 0,83 0,83 0,83
Varle @)] | Varlg (9)] | Varle 00| varle a1]| varle 2| varle 03)]| vare 14)
0,83 0,83 0,84 0,86 0,86 0,88 0,89
Varle (5)| Varle 06)]| Varle @7)]| Varle 08)]| Varle 09)]| Varle (20)] Varle (1)
0,90 0,92 0,92 0,93 0,93 0,93 0,93
Varle (22 Varg (23] Varle 24)] varle 5] varle (26)] Varg 27)] vare @3]
0,93 0,93 0,93 0,93 0,94 0,94 0,94
Varle (29)] | Varle 30)] | Varle 33] | Varle 32)] | varle @3] | Varle 34)]
0,94 0,94 0,94 0,94 0,94 0,94

The acceptance interval &f, hypothesis with the confidence lewet0.05 is

+ 196 from standard normal distribution table.

The confidence interval betweéli year andi+1" year, acceptance level of
100%(1) is:

(A2-55)

i)+ Za/2|:z¢/p } P

%95 acceptance interval decreasing when you geeglancreasing when you

go forward. Predicting errors are increasing when go forward.
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Appendix 2.2.11 %95 acceptance interval of thelstit predicting flow values.for AR (15) model

equation.
y; @) 1,66 1,74
Y (2 0,72 -4,22
Y 3 -1,04 -4,55
Y, (4) 1,35 -2,16
y; ) 1,49 2,07
y; (6) 3,37 -0,19
Y (7) 5,36 1,78
Y, 8 3,06 -0,51
Y. (9 2,59 -0,99
y, €0) 0,78 -2,81
y;, @9 2,08 -1,54
y, 2 2,42 1,21
y, @3 1,23 -2,44
y, 4 0,69 -3,01
y, @9 0,42 -3,30
Y L6) 1,23 -2,52
y, @7) 1,52 2,24
y, 18 2,64 -1,13
y, @9 2,83 -0,94
Y (20) 3,14 -0,63
y, 29 2,21 -1,57
Y, 22 1,20 -2,58
Y (23 1,48 -2,30
Y, 24) 1,63 -2,15
Y, 29 2,06 1,72
Y, (26) 1,65 -2,14
Y, 27) 1,59 -2,20
Y 28) 1,62 -2,18
Y (29 1,84 -1,96
y; B0) 2,06 -1,75
Yy, B 2,23 -1,57
Yy, 32 2,49 -1,31
Yy, 33 2,12 -1,69
y, 34) 1,80 -2,00
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APPENDIX 3

Appendix 3.1 The significance of the relation of tivers with Kendall correlation method.

Probability values

Kendall from Standard p=0
LOCATION correlation S=P-M  og 7=S1og Lo Hyp.

coefficient normal distribution decision

table * 2

Limnitis-Xeros 0,73 296 53,31 5,53 0,00 Reject
Limnitis-Marathasa 0,73 237 45,37 5,20 0,00 Reject
Limnitis-Karyotis 0,73 386 64,54 5,97 0,00 Reject
Limnitis-Atsas 0,46 240 64,54 3,71 0,0002 Reject
Limnitis-Elea 0,61 320 64,54 4,94 0,00 Reject
Limnitis-Peristerona 0,66 347 64,54 5,36 0,00 Rejec
Limnitis-Akaki 0,62 328 64,54 5,07 0,00 Reject
Limnitis-Pedios 0,49 134 40,32 3,30 0,001 Reject
Limnitis-Yialias 0,48 196 53,31 3,65 0,0002 Reject
Xerox-Limnitis 0,73 296 53,31 5,53 0,00 Reject
Xerox-Marathasa 0,61 197 45,37 4,33 0,00 Reject
Xerox-Karyotis 0,70 283 53,31 5,29 0,00 Reject
Xerox-Atsas 0,42 169 53,31 3,16 0,0016 Reject
Xerox-Elea 0,57 231 53,31 4,32 0,00 Reject
Xerox-Peristerona 0,62 253 53,31 4,72 0,00 Reject
Xerox-Akaki 0,60 242 53,31 4,53 0,00 Reject
Xerox-Pedios 0,50 139 40,32 3,43 0,0006 Reject
Xerox-Yialias 0,55 221 53,31 4,13 0,00 Reject
Marathasa-Limnitis 0,73 237 4537 5,20 0,00 Reject
Marathasa-Xeros 0,61 197 45,37 4,33 0,00 Reject
Marathasa-Karyotis 0,81 263 4537 5,77 0,00 Reject
Marathasa-Atsas 0,47 153 4537 3,35 0,0008 Reject
Marathasa-Elea 0,51 167 45,37 3,66 0,0002 Reject
Marathasa-Peristerona 0,62 201 45,37 4,41 0,00 cReje
Marathasa-Akaki 0,57 185 45,37 4,05 0,00 Reject
Marathasa-Pedios 0,52 144 40,32 3,55 0,0004 Reject
Marathasa-Yialias 0,46 149 45,37 3,27 0,001 Reject
Karyotis-Limnitis 0,73 386 64,54 5,97 0,00 Reject
Karyotis-Xeros 0,70 283 53,31 5,29 0,00 Reject
Karyotis-Marathasa 0,81 263 4537 5,77 0,00 Reject
Karyotis-Atsas 0,67 373 67,46 5,52 0,00 Reject
Karyotis-Elea 0,72 406 67,46 6,01 0,00 Reject
Karyotis-Peristerona 0,79 443 67,46 6,56 0,00 Rejec
Karyotis-Akaki 0,77 429 67,46 6,35 0,00 Reject
Karyotis-Pedios 0,63 174 40,32 4,29 0,00 Reject
Karyotis-Yialias 0,60 243 53,31 4,54 0,00 Reject
Atsas-Limnitis 0,46 240 64,54 3,71 0,0002 Reject
Atsas-Xeros 0,42 169 53,31 3,16 0,0016 Reject
Atsas-Marathasa 0,47 153 45,37 3,35 0,0008 Reject
Atsas-Karyotis 0,67 373 67,46 5,52 0,00 Reject
Atsas-Elea 0,74 416 67,46 6,15 0,00 Reject
Atsas-Peristerona 0,67 378 67,46 5,59 0,00 Reject
Atsas-Akaki 0,73 409 67,46 6,05 0,00 Reject
Atsas-Pedios 0,57 156 40,32 3,84 0,0002 Reject
Atsas-Yialias 0,63 255 53,31 4,77 0,00 Reject
Elea-Limnitis 0,61 320 64,54 4,94 0,00 Reject
Elea-Xeros 0,57 231 53,31 4,32 0,00 Reject
Elea-Marathasa 0,51 167 45,37 3,66 0,0002 Reject
Elea-Karyotis 0,72 406 67,46 6,01 0,00 Reject
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Appendix 3.1 (Continuous) The significance of tekation of the rivers with Kendall correlation meth

Probability values -
Kendall p=0
LOCATION correlation S=P-M o¢¢ Z=S1los from Staf.‘d?fd . Hyp.
coefficient normal distribution decision
table * 2

Elea-Atsas 0,74 416 67,46 6,15 0,00 Reject
Elea-Peristerona 0,82 458 67,46 6,77 0,00 Reject
Elea-Akaki 0,83 466 67,46 6,90 0,00 Reject
Elea-Pedios 0,81 224 40,32 5,53 0,00 Reject
Elea-Yialias 0,78 315 53,31 5,88 0,00 Reject
Peristerona-Limnitis 0,66 347 64,54 5,36 0,00 Rejec
Peristerona-Xeros 0,62 253 53,31 4,72 0,00 Reject
Peristerona-Marathasa 0,62 201 45,37 4,41 0,00 cReje
Peristerona-Karyotis 0,79 443 67,46 6,56 0,00 Rejec
Peristerona-Atsas 0,67 378 67,46 5,59 0,00 Reject
Peristerona-Elea 0,82 458 67,46 6,77 0,00 Reject
Peristerona-Akaki 0,87 488 67,46 7,21 0,00 Reject
Peristerona-Pedios 0,76 210 40,32 5,19 0,00 Reject
Peristerona-Yialias 0,78 317 53,31 5,94 0,00 Reject
Akaki-Limnitis 0,62 328 64,54 5,07 0,00 Reject
Akaki-Xeros 0,60 242 53,31 4,53 0,00 Reject
Akaki-Marathasa 0,57 185 4537 4,05 0,00 Reject
Akaki-Karyotis 0,77 429 67,46 6,35 0,00 Reject
Akaki-Atsas 0,73 409 67,46 6,05 0,00 Reject
Akaki-Elea 0,83 466 67,46 6,90 0,00 Reject
Akaki-Peristerona 0,87 488 67,46 7,21 0,00 Reject
Akaki-Pedios 0,84 232 40,32 5,73 0,00 Reject
Akaki-Yialias 0,80 324 53,31 6,05 0,00 Reject
Pedios-Limnitis 0,49 134 40,32 3,30 0,001 Reject
Pedios-Xeros 0,50 139 40,32 3,43 0,0006 Reject
Pedios-Marathasa 0,52 144 40,32 3,55 0,0004 Reject
Pedios-Karyotis 0,63 174 40,32 4,29 0,00 Reject
Pedios-Atsas 0,57 156 40,32 3,84 0,0002 Reject
Pedios-Elea 0,81 224 40,32 5,53 0,00 Reject
Pedios-Peristerona 0,76 210 40,32 5,19 0,00 Reject
Pedios-Akaki 0,84 232 40,32 5,73 0,00 Reject
Pedios-Yialias 0,77 213 40,32 5,25 0,00 Reject
Yialias-Limnitis 0,48 196 53,31 3,65 0,0002 Reject
Yialias-Xeros 0,55 221 53,31 4,13 0,00 Reject
Yialias-Marathasa 0,46 149 45,37 3,27 0,001 Reject
Yialias-Karyotis 0,60 243 53,31 4,54 0,00 Reject
Yialias-Atsas 0,63 255 53,31 4,77 0,00 Reject
Yialias-Elea 0,78 315 53,31 5,88 0,00 Reject
Yialias-Peristerona 0,78 317 53,31 5,94 0,00 Reject
Yialias-Akaki 0,80 324 53,31 6,05 0,00 Reject
Yialias-Pedios 0,77 213 40,32 5,25 0,00 Reject
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Appendix 3.2 The significance of the relation of tivers with Sperman correlation method.

Sperman  test t values for 0.05 £ =0Hyp.

LOCATION correlation n-2 . probability from t  decision 0.10
e statistics e S

coefficient distribution table significance level
Limnitis-Xeros 0,89 27 10,31 1,70 10,31 >1,70 Rejec
Limnitis-Marathasa 0,89 24 9,61 1,71 9,61>1,71 Reje
Limnitis-Karyotis 0,90 31 11,43 1,70 11,43>1,70 &)
Limnitis-Atsas 0,62 31 4,37 1,70 4,37>1,70 Reject
Limnitis-Elea 0,80 31 7,32 1,70 7,32>1,70 Reject
Limnitis-Peristerona 0,83 31 8,19 1,70 8,19>1,7{xRe
Limnitis-Akaki 0,80 31 7,53 1,70 7,53>1,70 Reject
Limnitis-Pedios 0,66 22 4,08 1,72 4,08>1,72 Reject
Limnitis-Yialias 0,69 27 4,89 1,70 4,89>1,70 Reject
Xerox-Limnitis 0,89 27 10,31 1,70 10,31>1,70 Reject
Xerox-Marathasa 0,80 24 6,49 1,71 6,49>1,71 Reject
Xerox-Karyotis 0,87 27 9,00 1,70 9,00>1,70 Reject
Xerox-Atsas 0,56 27 3,47 1,70 3,47>1,70 Reject
Xerox-Elea 0,76 27 6,15 1,70 6,15>1,70 Reject
Xerox-Peristerona 0,79 27 6,76 1,70 6,76>1,70 Rejec
Xerox-Akaki 0,77 27 6,25 1,70 6,25>1,70 Reject
Xerox-Pedios 0,65 22 4,02 1,72 4,02>1,72 Reject
Xerox-Yialias 0,72 27 5,31 1,70 5,31>1,70 Reject
Marathasa-Limnitis 0,89 24 9,61 1,71 9,61>1,71 Reje
Marathasa-Xeros 0,80 24 6,49 1,71 6,49>1,71 Reject
Marathasa-Karyotis 0,94 24 13,38 1,71 13,38>1,jgdRe
Marathasa-Atsas 0,66 24 4,25 1,71 4,25>1,71 Reject
Marathasa-Elea 0,74 24 5,45 1,71 5,45>1,71 Reject
Marathasa-Peristerona 0,80 24 6,62 1,71 6,62>1¢7dcR
Marathasa-Akaki 0,77 24 5,99 1,71 5,99>1,71 Reject
Marathasa-Pedios 0,69 22 4,46 1,72 4,46>1,72 Reject
Marathasa-Yialias 0,63 24 4,00 1,71 4,00>1,71 Rejec
Karyotis-Limnitis 0,90 31 11,43 1,70 11,43>1,70 &)
Karyotis-Xeros 0,87 27 9,00 1,70 9,00>1,70 Reject
Karyotis-Marathasa 0,94 24 13,38 1,71 13,38>1,jgdRe
Karyotis-Atsas 0,81 32 7,90 1,69 7,90>1,69 Reject
Karyotis-Elea 0,90 32 11,55 1,69 11,55>1,69 Reject
Karyotis-Peristerona 0,94 32 15,17 1,69 15,17>Réfect
Karyotis-Akaki 0,92 32 13,19 1,69 13,19>1,69 Reject
Karyotis-Pedios 0,79 22 5,94 1,72 5,94>1,72 Reject
Karyotis-Yialias 0,80 27 6,93 1,70 6,93>1,70 Reject
Atsas-Limnitis 0,62 31 4,37 1,70 4,37>1,70 Reject
Atsas-Xeros 0,56 27 3,47 1,70 3,47>1,70 Reject
Atsas-Marathasa 0,66 24 4,25 1,71 4,25>1,71 Reject
Atsas-Karyotis 0,81 32 7,90 1,69 7,90>1,69 Reject
Atsas-Elea 0,84 32 8,83 1,69 8,83>1,69 Reject
Atsas-Peristerona 0,82 32 8,23 1,69 8,23>1,69 Rejec
Atsas-Akaki 0,86 32 9,66 1,69 9,66>1,69 Reject
Atsas-Pedios 0,74 22 5,11 1,72 5,11>1,72 Reject
Atsas-Yialias 0,75 27 5,82 1,70 8,38>1,70 Reject
Elea-Limnitis 0,80 31 7,32 1,70 7,32>1,70 Reject
Elea-Xeros 0,76 27 6,15 1,70 6,15>1,70 Reject
Elea-Marathasa 0,74 24 5,45 1,71 5,45>1,71 Reject
Elea-Karyotis 0,90 32 11,55 1,69 11,55>1,69 Reject
Elea-Atsas 0,84 32 8,83 1,69 8,83>1,69 Reject
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Appendix 3.2 (Continuous) The significance of thkation of the rivers with Sperman correlation

method.

Sperman  test t values for 0.05 £ =0Hyp.
LOCATION correlation  n-2 - probability from t  decision 0.10
e statistics L S
coefficient distribution table significance level
Elea-Peristerona 0,94 32 15,73 1,69 15,73>1,69cReje
Elea-Akaki 0,96 32 19,39 1,69 19,39>1,69 Reject
Elea-Pedios 0,94 22 13,29 1,72 13,29>1,72 Reject
Elea-Yialias 0,92 27 12,46 1,70 12,46 >1,70 Reject
Peristerona-Limnitis 0,83 31 8,19 1,70 8,19>1,7{xRe
Peristerona-Xeros 0,79 27 6,76 1,70 6,76>1,70 Rejec
Peristerona-Marathasa 0,80 24 6,62 1,71 6,62>1¢7dcR
Peristerona-Karyotis 0,94 32 15,17 1,69 15,17>Réfect
Peristerona-Atsas 0,82 32 8,23 1,69 8,23>1,69 Rejec
Peristerona-Elea 0,94 32 15,73 1,69 15,73>1,69cReje
Peristerona-Akaki 0,97 32 21,47 1,69 21,47>1,6&ej
Peristerona-Pedios 0,91 22 10,17 1,72 10,17>1,7&Re
Peristerona-Yialias 0,92 27 12,20 1,70 12,20>1 2@e®R
Akaki-Limnitis 0,80 31 7,53 1,70 7,53>1,70 Reject
Akaki-Xeros 0,77 27 6,25 1,70 6,25>1,70 Reject
Akaki-Marathasa 0,77 24 5,99 1,71 5,99>1,71 Reject
Akaki-Karyotis 0,92 32 13,19 1,69 13,19>1,69 Reject
Akaki-Atsas 0,86 32 9,66 1,69 9,66>1,69 Reject
Akaki-Elea 0,96 32 19,39 1,69 19,39>1,69 Reject
Akaki-Peristerona 0,97 32 21,47 1,69 21,47>1,6&ej
Akaki-Pedios 0,95 22 13,83 1,72 13,83>1,72 Reject
Akaki-Yialias 0,94 27 14,45 1,70 14,45>1,70 Reject
Pedios-Limnitis 0,66 22 4,08 1,72 4,08>1,72 Reject
Pedios-Xeros 0,65 22 4,02 1,72 4,02>1,72 Reject
Pedios-Marathasa 0,69 22 4,46 1,72 4,46>1,72 Reject
Pedios-Karyotis 0,79 22 5,94 1,72 5,94>1,72 Reject
Pedios-Atsas 0,74 22 5,11 1,72 5,11>1,72 Reject
Pedios-Elea 0,94 22 13,29 1,72 13,29>1,72 Reject
Pedios-Peristerona 0,91 22 10,17 1,72 10,17>1,7&Re
Pedios-Akaki 0,95 22 13,83 1,72 13,83>1,72 Reject
Pedios-Yialias 0,93 22 11,42 1,72 11,42>1,72 Reject
Yialias-Limnitis 0,69 27 4,89 1,70 4,89>1,70 Reject
Yialias-Xeros 0,72 27 531 1,70 5,31>1,70 Reject
Yialias-Marathasa 0,63 24 4,00 1,71 4,00>1,71 Rejec
Yialias-Karyotis 0,80 27 6,93 1,70 6,93>1,70 Reject
Yialias-Atsas 0,75 27 5,82 1,70 5,82>1,70 Reject
Yialias-Elea 0,92 27 12,46 1,70 12,46>1,70 Reject
Yialias-Peristerona 0,92 27 12,20 1,70 12,20>1 2@ ®
Yialias-Akaki 0,94 27 14,45 1,70 14,45>1,70 Reject
Yialias-Pedios 0,93 22 11,42 1,72 11,42>1,72 Reject

127



Appendix.3.3 The significance of the relation of tivers with Pearson correlation method.

t values for 0.05

Pearson > £ =0 Hyp.

LOCATION correlation n-2 ttest probability from decision 0.10
2 statistics  t distribution A

coefficient table significance level
Limnitis-Xeros 0,83 27 7,61 1,70 7,61 >1,70 Reject
Limnitis-Marathasa 0,89 24 9,51 1,71 9,51>1,71 Reje
Limnitis-Karyotis 0,87 31 9,97 1,70 9,97>1,70 Re¢jec
Limnitis-Atsas 0,62 31 4,39 1,70 4,39>1,70 Reject
Limnitis-Elea 0,77 31 6,61 1,70 6,61>1,70 Reject
Limnitis-Peristerona 0,82 31 7,98 1,70 7,98>1,7(k8e
Limnitis-Akaki 0,78 31 6,85 1,70 6,85>1,70 Reject
Limnitis-Pedios 0,67 22 4,23 1,72 4,23>1,72 Reject
Limnitis-Yialias 0,54 27 3,33 1,70 3,33>1,70 Reject
Xerox-Limnitis 0,83 27 7,61 1,70 7,61>1,70 Reject
Xerox-Marathasa 0,77 24 5,97 1,71 5,97>1,71 Reject
Xerox-Karyotis 0,87 27 9,26 1,70 9,26>1,70 Reject
Xerox-Atsas 0,54 27 3,33 1,70 3,33>1,70 Reject
Xerox-Elea 0,76 27 6,10 1,70 6,10>1,70 Reject
Xerox-Peristerona 0,83 27 7,67 1,70 7,67>1,70 Rejec
Xerox-Akaki 0,78 27 6,52 1,70 6,52>1,70 Reject
Xerox-Pedios 0,64 22 3,92 1,72 3,92>1,72 Reject
Xerox-Yialias 0,71 27 5,19 1,70 5,19>1,70 Reject
Marathasa-Limnitis 0,89 24 9,51 1,71 9,51>1,71 Reje
Marathasa-Xeros 0,77 24 5,97 1,71 5,97>1,71 Reject
Marathasa-Karyotis 0,97 24 19,21 1,71 19,21>1,7edRe
Marathasa-Atsas 0,77 24 591 1,71 5,91>1,71 Reject
Marathasa-Elea 0,85 24 7,97 1,71 7,97>1,71 Reject
Marathasa-Peristerona 0,88 24 9,22 1,71 9,22>1efdcR
Marathasa-Akaki 0,87 24 8,73 1,71 8,73>1,71 Reject
Marathasa-Pedios 0,78 22 5,85 1,72 5,85>1,72 Reject
Marathasa-Yialias 0,55 24 3,26 1,71 3,26>1,71 Rejec
Karyotis-Limnitis 0,87 31 9,97 1,70 9,97>1,70 Rejec
Karyotis-Xeros 0,87 27 9,26 1,70 9,26>1,70 Reject
Karyotis-Marathasa 0,97 24 19,21 1,71 19,21>1,7edRe
Karyotis-Atsas 0,83 32 8,35 1,69 8,35>1,69 Reject
Karyotis-Elea 0,94 32 15,31 1,69 15,31>1,69 Reject
Karyotis-Peristerona 0,95 32 17,03 1,69 17,03>Réfect
Karyotis-Akaki 0,95 32 17,03 1,69 17,03>1,69 Reject
Karyotis-Pedios 0,84 22 7,26 1,72 7,26>1,72 Reject
Karyotis-Yialias 0,74 27 5,77 1,70 5,77>1,70 Reject
Atsas-Limnitis 0,62 31 4,39 1,70 4,39>1,70 Reject
Atsas-Xeros 0,54 27 3,33 1,70 3,33>1,70 Reject
Atsas-Marathasa 0,77 24 5,91 1,71 5,91>1,71 Reject
Atsas-Karyotis 0,83 32 8,35 1,69 8,35>1,69 Reject
Atsas-Elea 0,89 32 10,98 1,69 10,98>1,69 Reject
Atsas-Peristerona 0,83 32 8,45 1,69 8,45>1,69 Rejec
Atsas-Akaki 0,87 32 9,93 1,69 9,93>1,69 Reject
Atsas-Pedios 0,85 22 7,70 1,72 7,70>1,72 Reject
Atsas-Yialias 0,85 27 8,38 1,70 8,38>1,70 Reject
Elea-Limnitis 0,77 31 6,61 1,70 6,61>1,70 Reject
Elea-Xeros 0,76 27 6,10 1,70 6,10>1,70 Reject
Elea-Marathasa 0,85 24 7,97 1,71 7,97>1,71 Reject
Elea-Karyotis 0,94 32 15,31 1,69 15,31>1,69 Reject
Elea-Atsas 0,89 32 10,98 1,69 10,98>1,69 Reject
Elea-Peristerona 0,95 32 17,79 1,69 17,79>1,69cReje
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Appendix 3.3 (Continuous) The significance of tekation of the rivers with Pearson correlation meth

t values for 0.05

Pearson " £ =0 Hyp.
LOCATION correlation n-2 ttest prqbqbll|ty from decision 0.10
- statistics  t distribution A
coefficient table significance level
Elea-Akaki 0,98 32 27,17 1,69 27,17>1,69 Reject
Elea-Pedios 0,94 22 12,69 1,72 12,69>1,72 Reject
Elea-Yialias 0,91 27 11,12 1,70 11,12>1,70 Reject
Peristerona-Limnitis 0,82 31 7,98 1,70 7,98>1,7(xRe
Peristerona-Xeros 0,83 27 7,67 1,70 7,67>1,70 Rejec
Peristerona-Marathasa 0,88 24 9,22 1,71 9,22>1efdcR
Peristerona-Karyotis 0,95 32 17,03 1,69 17,03>Réfect
Peristerona-Atsas 0,83 32 8,45 1,69 8,45>1,69 Rejec
Peristerona-Elea 0,95 32 17,79 1,69 17,79>1,69cReje
Peristerona-Akaki 0,97 32 21,82 1,69 21,82>1,6®8&ej
Peristerona-Pedios 0,93 22 11,42 1,72 11,42>1,7&Re
Peristerona-Yialias 0,88 27 9,48 1,70 9,48>1,7@&ej
Akaki-Limnitis 0,78 31 6,85 1,70 6,85>1,70 Reject
Akaki-Xeros 0,78 27 6,52 1,70 6,52>1,70 Reject
Akaki-Marathasa 0,87 24 8,73 1,71 8,73>1,71 Reject
Akaki-Karyotis 0,95 32 17,03 1,69 17,03>1,69 Reject
Akaki-Atsas 0,87 32 9,93 1,69 9,93>1,69 Reject
Akaki-Elea 0,98 32 27,17 1,69 27,17>1,69 Reject
Akaki-Peristerona 0,97 32 21,82 1,69 21,82>1,6®@&ej
Akaki-Pedios 0,93 22 11,87 1,72 11,87>1,72 Reject
Akaki-Yialias 0,91 27 11,40 1,70 11,40>1,70 Reject
Pedios-Limnitis 0,67 22 4,23 1,72 4,23>1,72 Reject
Pedios-Xeros 0,64 22 3,92 1,72 3,92>1,72 Reject
Pedios-Marathasa 0,78 22 5,85 1,72 5,85>1,72 Reject
Pedios-Karyotis 0,84 22 7,26 1,72 7,26>1,72 Reject
Pedios-Atsas 0,85 22 7,70 1,72 7,70>1,72 Reject
Pedios-Elea 0,94 22 12,69 1,72 12,69>1,72 Reject
Pedios-Peristerona 0,93 22 11,42 1,72 11,42>1,7&Re
Pedios-Akaki 0,93 22 11,87 1,72 11,87>1,72 Reject
Pedios-Yialias 0,92 22 10,86 1,72 10,86>1,72 Reject
Yialias-Limnitis 0,54 27 3,33 1,70 3,33>1,70 Reject
Yialias-Xeros 0,71 27 5,19 1,70 5,19>1,70 Reject
Yialias-Marathasa 0,55 24 3,26 1,71 3,26>1,71 Rejec
Yialias-Karyotis 0,74 27 5,77 1,70 5,77>1,70 Reject
Yialias-Atsas 0,85 27 8,38 1,70 8,38>1,70 Reject
Yialias-Elea 0,91 27 11,12 1,70 11,12>1,70 Reject
Yialias-Peristerona 0,88 27 9,48 1,70 9,48>1,7@&ej
Yialias-Akaki 0,91 27 11,40 1,70 11,40>1,70 Reject
Yialias-Pedios 0,92 22 10,86 1,72 10,86>1,72 Reject
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APPENDIX 4

Appendix 4.1 Table of the annual surface runoffrgipof the 10 rivers originating from Troodos

Mountains.
Hydrologic year . .. . . : . o TOTAL
(1 Oct.-30 Sep.) Limnitis Xeros Marathasa Karyotis Atsas Elea Peristerona Akaki Pedios Yialias SUM
(mcm)
1965-1966 ; - - 1151 132 47 11,3 10,11 - - 3894
1966-1967 2034 - - 22,72 954 1522 2629 2507 - - 119,18
1967-1968 1591 - 9,78 19,17 2,63 6,71 16,39 13,92 3,55 - 088,
1968-1969 555 . 17,48 3593 867 27,23 3897 4502 1288 - 21173
1969-1970 419 - 37 738 057 291 591 38 111 - 29,59
1970-1971 7,33 6 5,4 11,94 16 76 14,78 12,28 502 525 77,2
1971-1972 3,45 3 3,44 863 13 545 1188 1051 444 25 546
1972-1973 4 2 1,14 323 012 054 1,67 076 - 1 14,46
1973-1974 9,8 5 2,41 618 036 508 11,03 692 - 45 51,28
1974-1975 1562 7.8 8,8 138 123 813 1686 11,59 7,08  7,5,41
1975-1976 1682 6,2 6,35 1269 1,18 7,19 1312 1258 6,01 486,64
1976-1977 1279 625 587 881 04 441 879 813 283 281,16
19771978 2337 64 9,97 1489 1,42 627 1303 1055 39 2,B255
19781979 781 6 3,83 75 041 24 861 674 261 327 49,18
1979-1980 1507 87 6,85 1299 1,29 6,81 1842 17,34 5,09 48,8022
1980-1981 1814 74 811 162 269 102 203 1684 52 69920
1981-1982 601 58 4,94 904 052 301 798 475 159 152,165
19821983 117 5 6,38 1081 046 1,65 1043 6,06 242 1,41,3%56
1983-1984  g51 46 557 748 027 181 856 46 1,81 1,89 145,
1984-1985  ge7 3 48 957 074 491 1485 978 36 459 6451
19851986 359 4 2,41 338 001 019 552 35 1,71 1,05 2536
1986-1987 1746 9,2 7,74 145 068 427 17,3 972 327 21526
19871988 1836 95 8,76 16,99 1,55 822 2141 158 548 6,032
1988-1989 1705 5 7,85 1436 3,32 98l 1999 17,78 7,25  9,286,56
1989-1990 424 13 2,86 408 021 0,97 5,56 473 229 16 827,
1990-1991 15 074 176 2,04 1,6 011 2,8 153 093 048 34
1991-1992 1565 10,75 7,38 1579 3,47 10,86 2239 1958 8,84 13,14 12785
19921993 1253 852 735 1516 511 12,73 2223 17,81 7,3 11,95 120,69
1993-1994 6 4 27,54 92 12 4 13,75 11 083 6 8352
1994-1995 5 32 41,12 72 08 372 10 8 165 35 83,67
1995-1996 33 18 2,59 41 008 05 5 1,9 3,07 055 2289
1996-1997 3 17 0,31 36 004 03 3,75 09 239 07 1669
1997-1998 5 3 15,82 48 008 04 5 24 047 09 3787
1998-1999 6 345 3887 56 008 04 5 37 025 08 6415

130



Appendix 4.2 Table of the predicted annual surfaceff (mcm) of the 10 rivers originating from
Troodos Mountains.

'E'ly(ggtlog'g ézgf) Limnitis Xeros Marathasa Karyotis Atsas Elea Peristerona Akaki Pedios Yialias Tgljﬁ_
(mecm)
1999-2000 2369 769 3662 17,87 061 4,08 011 808 042 60,8943
2000-2001 1378 204 1734 1063 053 4 18 029 111 002,65
2001-2002 1261 455 29,4 2956 024 422 256 012 129 0,84,74
2002-2003 3185 g24 6,92 5061 044 423 016 579 274 084152
2003-2004 1204 937 1026 2693 035 513 188 645 3,64 50,8685
2004-2005 508 648 10,83 782 076 1655 10,66 26,11 501 0,77 90,07
2005-2006 1989 32 0,55 1414 098 1533 30,29 72,96 481 203 164,18
2006-2007 05 2,87 0,37 2,77 138 9,63 6,72 2148 724 24545
2007-2008 288 383 1,15 2957 095 514 475 1554 8,19 15943
2008-2009 1093 591 1,68 18,65 057 2,04 0,23 3,07 11,75 92,57,12
2009-2010 1553 795 2,08 3307 082 583 17,88 1045 11,3177 6 111,69
2010-2011 4787 7,96 9,97 2323 0,77 513 2945 1353 7,87 9 12128,68
20112012 158 561 727 321 066 316 1091 478 511 7,899
2012-2013 329 338 9,09 33 049 307 315 257 462 361,586
2013-2014 996 349 = 14,22 248 0,67 342 1,4 18 471 296,136
2014-2015 1378 551 7,65 13,38 061 3,52 8,29 459 412 3,58,61
2015-2016 374 702 834 10,63 0,71 3,47 11,79 6,06 275 2,93
2016-2017 1642 638 7,74 14,16 0,86 4,95 2496 1506 2,24 02 2,94,79
2017-2018 754 453 4,48 66 111 707 2348 1725 - 211 174,
2018-2019 542 36 2,9 637 135 656 2608 21,2 - 25 75,98
2019-2020 1609 4,02 . 1043 116 344 1029 10,87 - 2,34 648,
20202021 481 503 - 885 097 286 4,07 438 - 202 32,99
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APPENDIX 5

Appendix 5.1t-table for estimating p values (One tailed testing)

- df
5 G 7 8 9 10 11 12 13 14 15 16 17 18 19 22 23 24
0300 . Q000 Q000 Q000 0.000 0000 0000 Q000 Q000 0.000 0,000 0000 Q000 Q000 Q000 a. Q. a. Q000 Q000
0.450 Q. 0.131 0.130 0.130 0.129 0.129 0.129 0.128 0.128 0.128 0.128 0.128 0.128 0.127 0.127 a. Q. a. 0.127 0.127
0.400 . 0.265 0.263 0262 0.261 0.260 0260 0.259 0.259 0.258 0.258 0.258 0.257 0257 0.257 a. Q. a. 0256 0256
0.350 Q. 0.404 0,402 0.399 0.398 0.397 0.396 0.395 0,394 0.393 0.393 0.392 0.392 0.392 0.391 a. Q. a. 0.390 0.390
0.300 Q. 0.553 0,549 0.546 0.543 0.542 0.540 0.339 0.538 0.537 0.536 a 0.534 0.534 0.533 a. Q. a. 0.532 0.531
0250 Q.7 0.718 0.711 0.7086 0.703 0. 700 0.697 0.695 0,694 0.692 0.691 a 0689 0688 0.688 a. Q. a. 0685 0685
0.200 Q. 0,906 0896 0889 0. 0.87%9 0876 0.873 0870 0.868 0.866 a 0,863 0,862 0.861 a. Q. a. 0.858 0.857
0.150 1. 1.134 1.119 1.108 1. 1.093 1.088 1.083 1.079 1.076 1.074 1 1.069 1.067 1.066 1. 1. 1. 1.060 1.059
0.100 1. 1.440 1.415 1.397 1. 1.5372 1.363 1.35 1.350 1.345 1.341 1 1.333 1.330 1.328 1. 1. 1. 1.319 1.318
0.095 1. 1.478 1.451 1.432 1.4 1.406 1.397 1.389 1.383 1.377 1.373 1 1.365 1.362 1.359 1. 1. 1. 1.350 1.349
0.090 1.5 1.317 1.489 1.469 1.4 1.442 1.432 1.424 1.417 1.411 1.406 1 1.398 1.395 1.392 1. 1. 1. 1.383 1.381
0.085 1. 1.559 1. 1.508 1. 1.- 1.468 1.460 1.453 1.447 1.441 1 1.433 1.429 1.426 1.- 1. 1. 1.417 1.415
0.080 1. 1.603 1. 1.549 1. 1. 1.507 1.498 1.490 1.484 1.478 1 1.469 1.456 1.462 1.4 1. 1. 1.452 1.430
0.075 1. 1.650 1.617 1.592 1. 1.559 1.548 1.538 1.5330 1.523 1.517 1 1.508 1. 1.5300 1. 1.4 1. 1.489 1.487
0.070 1.7 1.700 1.664 1.638 1. 1.603 1.391 1.380 1.572 1.5 1.558 1 1.348 1. 1.340 1. 1. 1. 1.329 1.326
0.065 1. 1.754 1.715 1.687 1. 1.650 1.636 1.626 1.616 1. 1.602 1 1.591 1. 1.583 1. 1. 1. 1.5370 1.568
0.060 1. 1.812 1.770 1.740 1.7 1.700 1.686 1.674 1.654 1. 1.649 1 1.637 1. 1.628 1. 1. 1. 1.615 1.612
0.055 1. 1.874 1.830 1.797 1.7 1.754 1.738 1.7268 1.715 1.7 1.699 1 1.686 1. 1.677 1. 1. 1. 1.6562 1.660
0.050 2. 1.543 1.895 1.860 1. 1.812 1.796 1.782 1.771 1. 1.753 1 1.740 1.7 1.729 1.725 1. 1 1.714 1.711
0.045 2. 2019 1.966 1.628 1. 1.877 1.859 1.844 1.832 1. 1.812 1 1.798 1.7 1.786 1.782 1. 1.7 1.770 1.7a67
0.040 2. 2104 2046 2004 1. 1.948 1.928 1.912 1.899 1. 1.878 1 1.862 1. 1.250 1.844 1. 1. 1.832 1.828
0.035 2. 2201 2136 2.090 2. 2.028 2007 1.989 1.974 1. 1.951 1 1.934 1. 1.820 1.914 1. 1. 1.900 1.896
0.030 2. 2313 2241 2189 2. 2120 2096 2076 2060 2. 2.034 2 2015 2. 2.000 1.994 1. 1. 1.978 1.674
0.025 2. 2.447 2365 2306 2. 2228 2201 2179 2160 2. 2131 2 2110 2. 2.093 2086 2. 2074 2069 2.064
0.020 27 2612 2317 2.449 2. 2.359 2328 2.303 2282 2. 2249 2 2224 2. 2.205 2197 2. 2183 2177 2172
0.015 3. 2.829 2715 2.634 2. 2527 2491 2461 2436 2.4 2397 2 2368 2. 2346 2336 2. 2.320 2313 2.307
0.010 3. 3.143 2998 2896 2. 27 2718 2681 2.650 2. 2,602 2 2.367 2. 2.339 252 2. 2308 2500 2.492
0.005 4. 3.707 3.499 3.355 3. 3. 3.106 3.055 3012 2. 2,647 2 2898 2. 2.861 2845 2. 2.819 2807 2.797
0.001 5. 5.208 4. TES 4.501 4. 4. 4025 3.930 3.852 3.7 3.733 3 3.646 3. 3.379 3.552 3. 3.505 3 485 3.467
0.0005 6. 5.9359 5.408 5.041 4. 4. 4.437 4318 4.221 4. 4.073 4 3.965 3. 3.883 3.85 3. 3.792 3768 3.745
0.0001 9. 8.025 7063 6442 6. 5. 5.453 5.263 5.111 4. 4 BEO 4 4.714 4. 4.390 4.539 4. 4.452 4.415 4. 382
000005 11 9082 T.BB5 7.120 6. 6. 5.621 5.694 5.513 5. 5.239 5 5.044 4. 4.897 4.837 4.7 4.736 4.693 4.654
000001 15 12.032 8.907 B. 7.5 T7.097 5765 6.501 6. 287 6.109 5 5.832 5.7 5.627 5.543 5.469 5.402 5.343 5.290
0000005 | 1 13.555 9.783 8. 8. 7.647 T.261 6.954 6. 6.502 6 G6.184 6. 5.649 5.854 5.769 5.694 5.626 5.566
0.000001 17.830 10.720 | 9. 9.043 8.504 2.082 7.743 7454 7233 T.036 6. 6723 6.597 6485 6.386 6297 6.218

Source: Gazi University Faculty of Art and Scielmmpartment of Statistichitp://www.fef.gazi.edu.tr/yeni/bolumDosyalari/statdokuman/T_Table.pjif
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Appendix 5.2 Area under the standard normal distritution curve (z =0)

Zz 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
] 0.5000 0.5040 0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 0.5359
0.1 0.5398 0.5438 0.5478 Q.5517 0.5557 0.5596 0.5636 0.5675 0.5714 0.5753
0.2 0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0.6141
0.3 0.6179 0.6217 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.6517
0.4 0.6554 0.6591 0.6628 0.6664 0.6700 0.6736 0.6772 0.6808 0.6844 0.6879
0.5 0.6915 0.6950 0.6985 0.7019 0.7054 0. 7088 0.7123 0.7157 0.7190 0.7224
0.6 0.7257 0.7291 0.7324 0.7357 0.7389 0.7422 0.7454 0.7486 0.7517 0.7549
0.7 0.7580 0.7611 0.7642 0.7673 0.7704 0.7734 0.7764 0.7794 0.7823 0.7852
0.8 0.7881 0.7910 0.7939 0.7967 0.7995 0.8023 0.8051 0.8078 0.8106 0.8133
0.9 0.8159 0.8186 0.8212 0.8238 0.8264 0.8289 0.8315 0.8340 0.8365 0.8389
1 0.8413 0.8438 0.8461 0.8485 0.8508 0.8531 0.8554 0.8577 0.8599 0.8621
1.1 0.8643 0.8B665 0.8686 0.8708 0.8729 0.8749 0.8770 0.8790 0.8810 0.8830
1.2 0.8849 0.8869 0.888E8 0.8907 0.8925 0.8944 0.8962 0.8980 0.8997 0.9015
1.3 0.9032 0.9049 0.9066 0.9082 0.9099 0.9115 0.9131 0.9147 0.9162 0.9177
1.4 0.9192 0.9207 0.9222 0.9236 0.9251 0.9265 0.9279 0.9292 0.9306 0.9319
1.5 0.9332 0.9345 0.9357 0.9370 0.9382 0.9394 0.9406 0.9418 0.9429 0.9441
1.6 0.9452 0.9463 0.9474 0.9484 0.9495 0.9505 0.9515 0.9525 0.9535 0.9545
1.7 0.9554 0.9564 0.9573 0.9582 0.9591 0.9599 0.9608 0.9616 0.9625 0.9633
1.8 0.9641 0.9649 0.9656 0.9664 0.9671 0.9678 0.9686 0.9693 0.9699 0.9706
1.9 0.9713 0.9719 0.9726 0.9732 0.9738 0.9744 0.9750 0.9756 0.9761 0.9767
2 0.9772 0.9778 0.9783 0.9788 0.9793 0.9798 0.9803 0.9808 0.9812 0.9817
2.1 0.9821 0.9826 0.9830 0.9834 0.9838 0.9842 0.98406 0.9850 0.9854 0.9857
2.2 0.9861 0.9864 0.9868 0.9871 0.9875 0.9878 0.9881 0.9884 0.9887 0.9890
2.3 0.9893 0.9896 0.9898 0.9901 0.9904 0.9906 0.9909 0.9911 0.9913 0.9916
2.4 0.9918 0.9920 0.9922 0.9925 0.9927 0.9929 0.9931 0.9932 0.9934 0.9936
2.5 0.9938 0.9940 0.9941 0.9943 0.9945 0.9946 0.9948 0.9949 0.9951 0.9952
2.6 0.9953 0.9955 0.9956 0.9957 0.9959 0.9960 0.9961 0.9962 0.9963 0.9964
2.7 0.9965 0.9966 0.9967 0.9968 0.99692 0.9970 0.9971 0.9972 0.9973 0.9974
2.8 0.9974 0.9975 0.9976 0.9977 0.9977 0.9978 0.9979 0.9979 0.9980 0.9981
2.9 0.9981 0.9982 0.9982 0.9983 0.9984 0.9984 0.9985 0.9985 0.9986 0.9986
3 0.9987 0.9987 0.9987 0.9988 0.9988 0.9989 0.9989 0.9989 0.9990 0.9990
3.1 0.9990 0.9991 0.9991 0.9991 0.9992 0.9992 0.9992 0.9992 0.9993 0.9993

Source: Gazi University Faculty of Art and Scielmpartment of Statistics
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Appendix 5.3 X?Distribution table

df Area m the Upper Tail
0.99 0.95 0.9 0.1 0.05 0.01

1 0.000 0.004 0.016 2.706 3.841 6.635
2 0.020 0.103 0.211 4.605 5.991 9.210
3 0.115 0.352 0.584 6.251 7.815 11.345
4 0.297 0.711 1.064 7.779 9.488 13.277
5 0.554 1.145 1.610 9.236 11.070 15.086
6 0.872 1.635 2.204 10.645 12.592 16.812
7 1.239 2.167 2.833 12.017 14.067 18.475
8 1.646 2.733 3.490 13.362 15.507 | 20.090
9 2.088 3.325 4.168 14.684 16.919 | 21.666
10 2.558 3.940 4.865 15.987 18.307 | 23.209
11 3.053 4.575 5.578 17.275 19.675 | 24.725
12 3.571 5.226 6.304 18.549 | 21.026 | 26.217
13 4.107 5.892 7.042 19.812 | 22362 | 27.688
14 4.660 6.571 7.790 21.064 | 23.685 | 29.141
15 5.229 7.261 8.547 22,307 | 24996 | 30.578
16 5.812 7.962 9.312 23.542 | 26.296 | 32.000
17 6.408 8.672 10.085 | 24769 | 27.587 | 33.409
18 7.015 9.390 10.865 | 25989 | 28.869 | 34.805
19 7.633 10.117 11.651 27.204 | 30.144 | 36.191
20 8.260 10.851 12.443 | 28.412 | 31.410 | 37.566
21 8.897 11.591 13.240 | 29.615 | 32.671 38.932
22 9.542 12.338 14.041 30.813 | 33.924 | 40.289
23 10.196 13.091 14.848 | 32.007 | 35.172 | 41.638
24 10.856 13.848 15.659 | 33.196 | 36.415 | 42.980
25 11.524 14.611 16473 | 34382 | 37.652 | 44314

Source: Gazi University Faculty of Art and Sciemmpartment of Statistics
(http://www.fef.gazi.edu.tr/yeni/bolumDosyalari/ssatdokuman/chisqr. piif
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Appendix5.4 p values for Kendall’s S statistic and Kendall’s correlation coefficient

One-sided p = Prob [S = x] = Prob [S = —3]

I = Number of data pairs

I = Number of data pairs

4 5 8 9 3 ] 7 10
X X
0 062> 0592 0548 0540 1 0.5200  0.500 0500  0.500
2 0373 0408 0452 0460 3 0167 0.360 0386 0431
4 0167 0242 0360 0381 5 0.235 0.2581 0.364
6 0042 0117 0274 0306 7 0.136 0.191 0.300
5 0.042 0192 0238 9 0.068 0119 0242
10 0.0083 0138 0179 11 0.028 0.068  0.190
12 0.089  0.130 L3 00085 0033 014
14 0.054  0.090 15 0.0014 0013 0108
la 0.031 0.060 17 0.0054 0.078
18 0.0136 0.038 19 0.0014 0054
20 0.0071 0.022 21 0.0002 0.036
22 0.0028 00124 23 0.023
24 0.0009  0.0063 25 0.0143
26 0.0002  0.0029 27 0.0083
28 <0.0001 0.0012 29 0.0046
30 0.0004 31 0.0023
32 0.0001 33 0.0011
34 =(.0001 35 0.0005
36 =(.0001 37 0.0002
39 =(.0001
41 =(.0001
43 =(.0001
45 =(.0001

Source: (Helsel & Hirsch, 1991).
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Appendix 5.5 Cyprus stream gauging stations locatromap
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