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Abstract

Low-flows is a common phenomenon occurring in rivers during dry seagtia each hydrological

year. Increasedvaterdemandandlow availability during theseseasonsccountfor numerousvater
resources management problems. Therefoedable flow estimation during dry seasonsis an
emergingtopic in contemporary hydrologyLong term prognosisof river water potential helps
stakeholdersake better decisions for distributing resourceg. (@ater for agriculture) and achieving

good ecologicastatusof the studiedwater body Althoughlow flows is a profoundlyessentiapart of

the hydrologicalcycle andcan significantly affect managemdmhited studiesare foundn literature.

In contrast, most studies delve into resolving management problems by examining the water circle as a
whole, including wet and dry seasons. Tfiacticeleads tothe development of complex models and
methodologieshat aremost often successful, brgquireexpertiseand specializedoftware.

The object of this thesis is to develop a simple yet efficient model for estimatirfgplesvduring dry
seasons, suitable for use without specialized software or personoelehto designthe mode| daily
runoff daa from variousMediterranean basins are utilized (tfvom Greece, two from Cyprus, one
from Italy). Runoff data are smoothed by simple signal processing tpraswhich filter the effect of
flood events and retain the flow recession curve. Finally, rsaalel presented in chart form fesich
one of thebasintested
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Normal Summer Low Flows:

River has little apparent flow; Vegetation on gravel bar

often seems pool like is summer growth of
Gauge Level: 1 foot annuals and other non-
Time of Year: Summer \ permanent vegetation.
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Method Stratos Estuary Remarks

S-year minimum monthly flow - 21.3 Legislative constraint, incorporated within outflow
(EIA study, 1995) policy of Stratos reservoir

S-year minimum monthly flow 21.1 222 Statistical analysis of annual minimum monthly
(updated data) flows (1965-2008)

Tennant method (10-30% MAF, for 13.0-39.1 13.7-41.1 Poor conditions are assumed since the river system is
dry/wet months) heavily modified

French freshwater fishing law 33 3.5 1/40 of mean annual flow is assumed for existing
(2.5% MAF) works

UK standards (Qos) 18.0 18.9 Estimated on the basis of empirical flow-duration

Qoo 21.8 229 curves of daily flow data

Os6a 11.3 11.9

BFM, basic flow (Oy) 13.3 14.0 Estimated through statistical analysis of daily to up to

BFM, basic maintenance flow, seasonally 16.8-32.5 17.6-34.1 100-day moving average flow time series
varying

RVA, 25% quantile of monthly discharge 14.6-135.3 15.3-142.1 Main indicators of hydrological alteration, computed

RVA, 75% quantile of monthly discharge 35.3-390.1 37.1-409.6 by the IHA/RVA 7.0 package

Wetted perimeter—discharge 13.1-204 Breakpoint analysis at five characteristic cross-sections,

between Stratos and estuary
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Legend

Selected streamflow gauges
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- High Forest
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D Reforestations (State)
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13505vegetation
VEGTYPE
- Degraded Land
- Garique (State)
- High Forest

- High forest (State)
[:| Reforestations (State)
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mean 1.29| 1.23| 0.98| 0.4| 0.18| 0.07| 0.02 0 0| 0.01| 0.16| 0.67
stdev 1.35| 0.84| 0.95| 0.35| 0.17| 0.09| 0.05| 0.01| 0.01| 0.02| 0.52| 0.97
Var Coeff 1.04| 0.68| 0.97| 0.88| 0.95| 1.22| 3.12| 3.22| 5.14| 2.7| 3.18| 1.44
#values 46 46 46 46 46 46 46 46 44 46 46 46
MAX 5.78| 3.44 4| 2.34| 09| 0.38| 0.33| 0.03| 0.05| 0.13| 3.48| 4.94
MIN 0.06| 0.13| 0.11| 0.02| 0.01 0 0 0 0 0 0 0
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tU3aU0pzUy)] 3zU0Uytegteg) goEU |BalU?e6 mpUs
mean 0.98| 1.06| 0.84| 0.4| 0.19| 0.1| 0.07| 0.05| 0.05| 0.06f 0.1 0.46
stdev 1.21| 0.76| 0.88| 0.28| 0.12| 0.05| 0.03| 0.03| 0.02| 0.02| 0.1] 0.72
Var Coeff 1.24| 0.72| 1.05| 0.7| 0.65| 0.49| 0.46| 0.47| 0.39| 0.33| 0.99| 1.57
#values 42 42 42 42 42 42 42 42 41 42 42 42
MAX 539| 2.87| 424| 1.14| 0.66| 0.22| 0.16| 0.15| 0.13| 0.14| 0.66| 3.96
MIN 0.06| 0.11| 0.1| 0.07| 0.05| 0.03| 0.02| 0.02| 0.02| 0.03| 0.04| 0.05
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j UpUaUd)stUsayY eUoydd UaUcatUxs

tU40UfzUy|)] 3/z0ytegteg] goBEU |[BaU?2e68 UmpUs
mean 0.2 10.34| 033| 0.21| 0.12| 0.08| 0.06| 0.05| 0.04 | 0.05| 0.06| 0.1
stdev 0.19|0.26| 0.24 | 0.12| 0.07| 0.04 | 0.03| 0.02 | 0.02 | 0.02| 0.02 | 0.11
Var Coeff | 0.95| 0.78| 0.72 | 0.61 | 0.54 | 0.48 | 0.49 | 0.48 | 0.41| 0.37 | 0.42 | 1.17
#values 42 42 42 42 42 42 42 42 41 42 42 42
MAX 094| 1.2 1.1 | 054|035 0.16| 0.16 | 0.14 | 0.11| 0.11| 0.18 | 0.76
MIN 0.05/0.05| 0.07| 0.06 | 0.04| 0.03| 0.02| 0.02| 0.02| 0.02| 0.03| 0.04
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edssUarvxs

Yas UxPd FUUUsGUsay¥Y cUj UaUdy 90 Us nsraMeydibnale

jU;UeUUob;eeYus Joydd eylGysa e€dssUaxvxs

t Us|aOb|z Uy~ ;zULthte dJ gdFU Ba(?26 (pla

mean 6.16| 7.46| 4.65|197| 0.89| 0.23| 0.1|0.13| 0.3]|1.07|1.24| 3.23
stdev 6.17| 6.79| 457|2.01| 1.39| 0.24| 0.19| 0.3| 0.55|1.96| 2.15 3
Var Coeff 1| 091| 098|102 1.56| 1.06| 1.88| 2.27| 1.82| 1.84| 1.73| 0.93
#values 33 33 33 33 33 33 33 33 33 33 33 28
#missvalues 18 18 18| 18 18| 18 18| 18| 18| 18| 18 23
MAX 27.34| 22.91| 22.82| 9.47| 7.76| 0.82 1(1.43| 2.9|9.03| 12.6| 12.75
MIN 0.31| 0.23 0.1] 0.18| 0.06| 0.01 0 0 0] 0.01] 0.01| 0.16

Yas U8B FUUUsGUsa Y

6 Uj UaUdy oG Us o YimethMétidiandld) v 3

j Uy UsaUdyostUsay¥Y gUoydd UaUcatGU~xrs

tUs3aUbzUy) 3|/zUytedtad) goEU |[BaU?2a6 | pUs
mean 124 | 169| 1.34| 0.67| 0.31]0.11| 0.05| 0.03| 0.04 | 0.12 | 0.39| 0.56
stdev 106|165 1.15| 055|036 |0.13/0.11| 0.09| 0.1 | 0.14|1.02|0.51
Var Coeff 085|097 086| 082 1.17|1.25|224| 285 | 243 | 1.15|259| 0.9
#values 33 33 33 33 33 33 33 33 33 33 33 28
#missvalues| 18 18 18 18 18 18 | 18 18 18 18 18 | 23
MAX 467 | 828|581 258| 1.74| 055|057| 0.48| 048 | 0.48 |5.87| 2.08
MIN 0.09 | 0.04 | 0.03| 0.02 | 0.02 0 0 0 0 0 0 |0.02
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Short

Medium
Long

Current streamflow
Antecedent hydroclimatic conditions
Weather forecasts

Synoptic scale indicators

Intercontinental scale indicators
Long-term climatology

Recession analysis
Regression analysis
Non-parametric data analyses
Long-term climatalogy
Global climate modelling

Palechydrological techniques

Analytical and quantifiable

Speculative and scenario-based
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KaptroAn Sidpkeia porg (1998)

KaptroAn Sidpkeia porig (1999)
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KaptroAn Sidpkeia porig (1998) KaproAn Sidpkeia porig (1999)
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Data insert-matrix pre -allocation

prompt= 'doste xronoseires dedomenon' ;
data=xIsread( 'kremasta_dedomena.xIsx' , 'Sheetl' |, 'A1:AP367' );
years=size(data,2);

headers=data(1,:);

data=data(2:367,3);

QO0=zeros(1,years);

Qt=zeros(184,years);

al=zeros(1,years);

a2=zeros(1,years);

Q1=zeros(184,years);

Q2=zeros(184,years);

totalerrorl=zeros(1,years);
totalerror2=zeros(1,years);

x=1:184;
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for j=l:years
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if isnan(data(366.)))
QO(1,j)=min(data(91:104}));
Qt(:,j)=data(105:288,j);
else

QO0(1,j)=min(data(92:105,j)); %ypologismos QO

Qt(:,j)=data(106:289,));
end
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Optimization using totalerror ;and plotting

options = optimset( ‘MaxFunEvals' ,1000);

al(l,j) = fminsearch(@(a) minimize_errorl (a, QO(1,j),

Qt(:,))),0.01);

[totalerrorl(1,)),Q1(:,j)]=minimize_errorl(al(1,j),Q0(1,)),Qt(:,)));

figure
diagr=plot(x,Qt(:,j),x,Q1(:,j));

tile( '+ GUAQAK ERQ Gk 1g0/GHAU QK QA G 3 KAIL@EH'QU 3

xlabel( 'Days' ) % x- axis label
ylabel( 'Q" ) % y- axis label

legend( 'Qt' ,'Ql' , 'Location' , 'southwest' )
temp=[num2str(headers(j)), “pdf ];
saveas (gcf,temp);

close all ;

end
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Plotting and R-squaredestimation

createfigure  _eq(al, Q0)
tite (‘¥ GUAQAE A dzli ] GEOEF AK AaLjglA GO')

xlabel ('al') % x-axis label
ylabel (' Q') % y-axis label
legend ('al',' Q0',' Location ','southwest ')

r2=fitm  (ai, Q);
r 2. Rsquared . Ordinary
saveas (gcf,' model _eq. pdf ')
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Function Pre-allocation

function [totalerl] = minimize_errorl( a, QO, Qt)

Q=zeros(numel(Qt),1);

errorl=zeros(numel(Qt,1));
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Function model estimation and error calculation

for i=1:numel(Qt)
Q()=Q0*exp( - a*i);
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errorl(i)=(Qt(i) - Q)2

end
totalerl=sqrt(sum(errorl));

end
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Model estimation and error calculation using logarithmic error

for i=1:numel(Qt)
Q()=Q0*exp( - ai);
error2(i)=((log(Q()/Qt()))"2);

end
totaler2=sqrt(sum(error2));

end
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Data insert-matrix pre -allocation

1. prompt= 'doste xronoseires dedomenon’
data=xIsread(  'Evinos_dedomena.xIsx' , 'Sheetl' |, 'AL:AP367' );
years=size(data,2);

headers=data(1,:);

data=data(2:367,:);

QO0=zeros(1,years);

Qt=zeros(184,years);

al=zeros(1,years);

Q1=zeros(184,years);

Q2=zeros(184,years);
Qt_modified2=zeros(184,years);

totaler rorl=zeros(1,years);
totalerror2=zeros(1,years);

x=1:184;
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Qo - Q: determination

for j=l:years

if isnan(data(366,)))
QO0(1,j)=mean(data(91:104,j));
Qt(:,j)=data(105:288,));
else

QO0(1,j)=mean(data(92:105,))); %ypologismos QO
Qt(:,j)=data(106:289,j);
end

Qt_modified2(:,j)=Q_maodificationA( Qt(:,j), QO(1,j), headers(j) );

startday=dry_season2( Qt_modified2(:,j), Q0(1,j), headers(j) );
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Optimization using totalerror 1

[a,fval 1= fminsearch (@(a) minimize _error 1dry (a, Q(1, j), Qt_modified 2(;, j), startday ), 0.01);
al(l, j)=a;

[ totalerror 1(1, j)]= minimize _error 1dry (al(1, j), Q(1, j), Qt_modified 2(:;, j), startday );

[ @sim]= Qsimulated (al(1, j), Q(1, j), Qt_modified 2(:;, j));

end
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Plotting and R-squaredestimation

x=1:184;

figure

diagr =plot (x, Qt(:, j), x, Qsim);

ite (" #+GUAQAKkKkA kA 0GkiOG3 gAG DUOKOAG3kiIOG3 AUQooOQUJ:!
xlabel (' Days') % x-axis label

ylabel (' Q (m'3/ s)' ) % y-axis label

legend (' Qt (nm3/ s) ,'QL( M3/ s)" )

temp =[ num2str (headers (j)), . png'];

saveas (gcf ,temp);

close all ;

createfigure _eq(al, Q)

tite ("+GUAQAR DA dzI] G FA G DOJ AK A7)0
xlabel (' Q( M3/ s)' ) % x-axis label

ylabel ('al') % y-axis label

legend (' Q@ ( m3/ s)' ,"'al")

r2=fittm  (al, Q0);

r 2. Rsquared . Ordinary

saveas (gcf,' model _eq.png')
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funct ion [totalerl, Q] = minimize_errorldry(a, QO, Qt, startday)
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Q=zeros(numel(Qt),1);

errorl=zeros(numel(Qt,1));

for i=1:numel(Qt)

Q()=Q0*exp( - a*i);

if i>=startday
errorl(i)=(Q(i) - Qt)"2;

end

end
totalerl=sqrt(sum(errorl));

end
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Function A Qmo dllodalioc ati ondo pr e

function [ Qt_modified2 ] = Q_maodificationA( Qt, QO, headers )

Qt_modified =Qt;
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[ pks, locs , w, p]= findpeaks ( Qt);
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for i =1: numel ( Qt)
if Qt(i)>Q0
Qt_modified (i )= QD;
end
end
for i =1: numel ( pks)
if pks(i)>Qt(locs (i)-1)
Qt_modified (locs (i))= Qt(locs (i) -1);
end
end
for i =1: numel ( Qt)
if Qt_modified (i)>Q0
Qt_modified (i )= QO;
end
end
x=(1:1: numel ( Qt))
figure
plot (x, Qt_modified , x, Qt);
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Qt_modified 2=Qt_modified ;
[ pks 2, locs 2, w2, p2]= findpeaks ( Qt_modified );
for i =1: numel ( pks 2)
if pks2(i)>Qt_modified (locs 2(i)-1)
Qt_modified 2(locs 2(i))= Qt_modified (locs 2(i) -1);

end
end
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figure

plot (x, Qt_modified , x, Qt, x, Qt_modified 2);

tite (‘¥ GUAQAER Ak AKDZAOGFE0o'QU 3

xlabel (' Days') % x-axis label

ylabel (' Q (n'3/ s)' ) %y-axis label

legend (' Qt modified 1 ( m3/ s)' , ' Qobserved (nt3/s)' ,' Qt modified 2 ( M3/ s)" )
temp=[ ' Qt_modified ', num2str (headers ), . png'];
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saveas (gcf ,temp);
close all ;
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function [ startday ]= dry _season ( Qt_modified 2, QO, headers )

i =1;
startday =1;
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while  Qt_modified2(i)==Q0 && i<numel(Qt_modified2)
startday=i;
i=i+1;

end
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x=( startday :1: numel ( Q _modified 2));

figure

plot (x, Qt_modified 2( startday : numel ( Qt_modified 2)));

tite (' +GUAQAkKkKkA AEQ0A9oU3 0QoU3 UAPGNAQDZ
xlabel (' Days') % x-axis label

ylabel (' Q (m3/ s) ) %y-axis label

legend (' Qt modified 2 ( M3/ s)' )

temp=[' Q.dry ', num2str (headers ), . png'];

saveas (gcf ,temp);

close all ;

78



end
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Estimating Qmodifieaz @Nd dry season duration using functions

Qt_modified2(:,j)=Q_madificationA( Qt(:,j), QO(1,j), headers(j) );
startday(:,j)=dry_season2( Qt_modified2(:,j), Q0(1,j), headers(j) );
[stopday,~]=season_stop2( Qt_modified2(:,j), headers(j), startday );
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Optimization using totalerror 1
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[a,fval 1= fminsearch (@(a) minimize _error 1dry _stop (a, Q(1, j),
Qt_modified 2(:, j), startday , stopday ),0.01);

al(l, j)=a;

[ totalerror 1(1, j)]= minimize _error 1dry _stop (al(1, j),

Q(1, j), Qt_modified 2(:, j), startday , stopday );

[ @sim]= Qsimulated (al(1, j), Q(1, j), Qt_modified 2(;, j));

U " Uy U ¥vsy UeeeU o1 lU90U g esastaclfjiUss Udisb&dal
UsU Ui aadU0Us GUe UuYlGose 6.2.3. EUe3 g 8acosleh
UasUs UsUfRd Udd UesUsedeysdd a3djed 0G0eschlla gj. s hlesdl

g 6a262aesUUUs d UsaUsesdeysd U e8yjy6e A vdg UsUlGyy OULC
632 FglceyUslGd ulludg ¥agtiefs UddU;Ug@speded

x=(startday (j):( startday (j)+numel (Qsim(, j)) -1));
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stopday (] )=( numel (Qsim) - 1)+ startday (j );
x=(startday (] ): stopday (j));
y=(1:195);
figure
diagr =plot (y, Qt(:, j), x, Qsim);
tile (‘+#+GUAQAKEAQGK 1g0/GBL QK QA G3 KAIUG®H'QU 3
xlabel (' Days') % x-axis label
ylabel (' Q (m'3/ s)' ) %y-axis label
legend (' Qt (n3/ s)' ,' Qsim (mM3/ s)" )
temp=[ num2str (headers (j)), ' png'];
saveas (gcf ,temp);
close all ;

end

createfigure _eq(Qo, al)

tile (‘¥ GUAQARDBA dzli] CPPFA G DD AK A&3])U
xlabel (' Q') % x-axis label

ylabel ('al') % y-axis label

legend (' Q0',"'al")

r2=fittm (QO, al);

r 2. Rsquared . Ordinary

saveas (gcf,' model _eq.png')
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function [ Qt_modified 2]=  Q _modificationA ( Qt, Q, headers )

Qt_modified =Qt;

Ki 1 OUd Uvys eyoslUy¥s Useitsa Udd U ej16ed

[pks,locs,w,p]=findpeaks(Qt);

AU} eBoaeU)xsge Yolyd)idd

for i=1:numel(Qt)
if  Qt(i)>Q0
Qt_modified(i)=QO0;
end
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end
for i=1:numel(pks)

if  pks(i)>Qt(locs(i) -1)
Qt_modified(locs(i))=Qt(locs(i) - 1);

end

end

for i=1:numel(Qt)
if  Qt_modified(i)>Q0
Qt_modified(i)=QO0;
end
end

o Yoy UeelU UzeelUageysras Uset s U 6} )ce;

x=(1:1:195);
figure
plot (x, Qt_modified , x, Qt);
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Qt_modified 2=Qt_modified
[ pks 2, locs 2, w2, p2]= findpeaks ( Qt_modified );
for i =1: numel ( pks 2)
if pks2(i)>Qt_moadified (locs 2(i)-1)
Qt_modified 2(locs 2(i))= Qt_modified (locs 2(i)-1);
end
end

figure

plot (x, Qt_modified , x, Qt, x, Qt_modified 2);

tile (‘+GUAQAER DKk AKDXAOGFG'QUS
xlabel (' Days') % x-axis label

ylabel (' Q) % y-axis label

legend (' Qt modified 1',' Qt modified 2')
temp=[' Qt_modified ', num2str (headers ), . png'];
saveas (gcf ,temp);

close all ;

end

6.3.4 K g3 Y, dryseasod
j1dioses 891 300d Uds egbypagdadd Ugde pabppedg Udd
OU¥j; UaUUs HUs d 3dje “"Ujyasited 3Uessy¥Y UdsQt jt U(q

o o o

s
modified? ) 30" U Y0@0g 3 AbdBU3Umetclel) d Us UlGey; ¥ 2a300Us GUs
"UyjeoalUde)stehd eqUjuieg Use s

function [ startday ]= dry _season 2( Qt_modified 2, 0, headers )

i =1;
startday =1;
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Ki 4y 0ad Udd deyy Ud y3Up3dd Udd adyed "~ Ujyshleg

while  Qt_modified2(i)==Q0 && i<numel(Qt_modified2)
startday=i;
i=i+1;

end

o Yoy Ye b Jlrdidfl ) ed) o hilicg

x=(startday:1:numel(Qt_modified2));

figure

plot(x,Qt_modified2(startday:numel(Qt_maodified2)));

tite( '+ GUAQAEDAQ o®Go UBA)G GN'YODZ
xlabel( 'Days' ) % x- axis label

ylabel( 'Q (m"3/s)' ) % y- axis label

legend( 'Qt modified 2 (m"3/s)' )

temp=[ 'Q_dry' ,num2str(headers), png’ I;

saveas (gcf,temp);

close all ;

end

6.35 K g3 Y) Sedhgbustop2

j1dioses 691 300d Uds GgsyyUdadq UgUe o2a3U 5

] 96adgdei 3 UsgeeUUU a1 l9aU aUdi d oUs uBmBaglls o ysdy
OGdU; ephaldal.

}J 6acoolefhd oagashelUssg eylisag hypeg Urs uUaU y3U0U0

function [ Qt_modified_final ] = season_stop( Qt_modified2, headers, startday )

jI=1;
for i=1:15:181
Av_15( j )= mean( Qt_modified 2(i :( i +14)));

=i+

end

ZUg Uy U ¥suwobbegUesacgoasUUUs 6 oageshelUszed eylad
UsU0OUUsheUsd c)e39026 Ealshigadds. |} 9aaag

Ko Ua sodelisddf} ed) s hiuag

I =j-1;
k=0;

check =true
while  check ==true && k<l

k=k+1,
j=(k+1): 1;
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check =any (Av_15( k)> Av_15( j))

end
2U0Uss931300d U Us "1 Ues UUaU UsdeeUje, o2a30U0Us
esa) UU, 6. FUds "~ UjeiaU eUayU0d dUxy UaUUs fUs

eUoUeai UUye dU Gdey¥YsUs oaUs Ud oevsd Bidgosepevdg (Ups
y3Us3add bimbhs Ukdgaye UsU, udeseg) oUalUs Us UsYoy
g hyd Uds y¥3Ujad aUs aeszdd Udd.

mps Yoy UeelU 3dyed "~Upshilieg

Qt_modified _final =Qt_modified 2( startday :( k*15));
x=(1: numel ( Qt_modified _final ));

figure

plot (x, Qt_modified _final );

tite ("*+GUAQARRDAO BEXUo G3G%H Go UEAES GN'g QDz
xlabel (' Days') % x-axis label

ylabel (' Q (nm'3/ s)' ) % y-axis label

legend (' Qt modified final (m3/ s) )

temp=[' Q_season _stop ', num2str (headers ), . png'];
saveas (gcf ,temp);

close all ;

stopday =k*15;

end

64 GaaUy e o903 Ueesoaed UszeseYoagaldd
641 YyeoaUdeyoslehd edUjL rs

function [totaler2, Q] = minimize_error2dry_stop_linear (a, QO, Qt, startday,stopday)
Q=zeros(numel(Qt),1);
error2=zeros(numel(Qt,1));

Ggasy¥Y, Udad UgUe W¥EeUUUg YrdUp¢ a s gllds e sl ycessege (U«
ey yeed Udy e daly segtaridayy soljss dig 3( stbpdgyy U0 ek 3xldf) ¥ d
;] shleg. ¢U GUesecUaU "6g "1 eaUdejage3UUs UasUs:
A Q Bs UsaUsedeysUd Useyd Udd U e6jj6ed

A error22 ¢e eoshUjédeasU

¢
L

642 HKGUjyeeoe o903 Ueceooaeci GaaUjeg UszeseYagsldd

c=( Qt(stopday )- Q)/( stopday -1);
b=Qt( stopday ) - c*( stopday );
for i =1: numel ( Qt)
Qi )=Q*exp(-a*i);
if 1 >= startday
if i <=stopday
if Qt(i)<=( c*i+b)
error 2(i)=(( log (Q(i)/ Qt(i)))"2);
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end
end

end
end
totaler 2=sqrt (sum(error 2));

end

FUs "~ Uy U ¥sy UegeeU oaitlsoaU "Ujeglsa¥YeselUUUs d UGUy .
aUeb¥s3e3UUs g Ahyd GUes g eaeoslech Usg GlGYeaecUUs(Jd
UgdUaU o3 Ueee "6g yZWdUesoddlddyd edd0OPUdégaddg U’
g Uy bUasUs Usd Useyd Udd UgdUaUd. BEUds "~ Uya Urxic
aUUY; Ustid Usg e£83Uyaasg.

6.5 0 a o (Bpvizky-Golay

Uds "~ edoeieUlUsd UszshUqUU 6y dqises eoseddal y3U U’
eUoalGUrs Ueaj Uars Uset 3 FUe “~Uj 13 g eSauttkkaUsas U
Golayos U Ue3 alsse Gece f. |J3UagUsayY xé&Ud8ecUsHOUqUY, 4
qd 6je3see ~Ujyaeued UsUlGey ¥d U seyecddalU Ues uUsYO
hUs "~y 6eh hdUGd 995U Uds UGUyecoe eUU3s 6 “~Uyps0U0H
"3 UoelUUs 6oeddoal UasUs Aegob®lUsUdUefhsd) 6qléisg W3 a ¢
UzeeYagaldd "egBepdiiosB®gdebdddatys vy, USalitdkgGoldye g o U3 s
U3 Usa Ue d d @ BhadYin§) Huéhg @012)s Us Usse e8sUalUUs €U Uje 6 @
Uy oUGaU.

order =3;

VIN =Qt(, j);

i nterval =59;

vOUT=savitzkyGolay 1D rle ( VvIN, order , interval );

figure

x=1: numel (VIN );

plot (x,VvIN, x, vOUT);

tite (‘¥ GUAQAbbd Kj ¢ §alizky - Golay ')

xlabel (' Days') % x-axis label

ylabel (' Q (m3/ s) ) %y-axis label

legend (' NJE] 0 Gk AQQQ o @B/ s) ,'! ¢ Ok AKRDAL®G o @B/ s) )

temp=[' SG , num2str (headers (j)), . png'];

saveas (gcf ,temp);

close all ;

[a, fval 1= fminsearch (@(a) minimize _error 1dry _stop (a, Q(1, j), VvOUT, startday , stopday ),0.01);

al(l, j)=a;

[ totalerror 1(1, j)JF minimize _error 1dry _stop (al(l, j), Q0(1, j), vOUT, startday , stopday );

[ Qsim]= Qsimulated (al(1, j), Q(L, j), Qt( j))

FUs "~ Uy U ¥vysy U RO UGeU ot lisoe U SalitzkgColays Ye &0 UEd e U
UGUjesoe Usg GaaUy eg ¢ sayittkyGomgDerle,e dif'aelg:d Ggs Yy Udod

o

U

A vIN: W=sYsgleU U0 Usd €U0y deyslUd Useyd Udd U _
A order @ bUdehd Usg “"eag¥s3ieeg ~6g dU 6} dloscecas’ 6:
A intervat Ue eyoUded Useg "~ Uy Udijyeg (UasUs 30U U

eyolUded €90 AUOYN U fh Us UsYsgleU
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o, .~ -

A vOUT: e UU3UofhelUszas Us¥YaglheU e¢0UY U OGUyecoe Us

66 z63Uyoac easoed Glhbalptintizdton modef G d d (
O U3 UadUdd 0 Usd “~j3edocicelU3Ud UsphUdUUd K 6g =
UsU0OUUsheUses yUsd Udd o Udiwslded usdlteewmigy tolyt,desUdss UUs
bUOaUstUs 6adidd uUiae "~ UjyUeyU;¥3s 2950 av¥dU aUsa¥sq
bUOaUstUs eadid Gisuldd U¥s cUj UaUdyastUagUase U0dd =
Usd UsaUsedeyslUdeddyYywasaead, cgsd Gagpoloyscyszae ea630:
"3686doeiel3Ud eUecgaveyslUd U U303 o08aU0d o2s5U Uds e
UjcooedQ)Uoselesag Uy h  6g g 8aso9leei UGlGYaeUUsd. UYoa
egy) led:

O NY 0 "YZA@DPQO 20 (6.2)

Q0 O @z Y (6.2)
y 80:

Q(M: d Usee Udd U 6jj36ed Uesg e£63Uyoasg GUAm Ujce
BoU¥bjyaeg). ¢ Usee UgUe UasUs GgsyY, Udad Uesg oaYdC
a “UypyvyeUOUyed Usg e£683Uyacg

b: ~ Uy ¥yYeUOU;ed Usg e63Uyaasg

T:glijeasooaf yUesd

tt deys U 209U Uds 6je3see "~ Ujacscitie U R 15 | }saasg

FUU U AeU3U UuayidsU "~ Uy UU0adU0U3sUUs oaUs Ua3UUYees3U0UUSs
UzUovoe Ueg ee63Uyoaasg, ¢ Omlasnppd). UFed UBd s D0WH oo v:
GoUtsaUlaU UssasgdUalUUs oaUs 295U Usd g hass Ud Us

66.1 KostGUovoe liljeoswsdes slehd edUj L ¥v3

prompt=‘dwste xronoseires dedomenwn'

data=xIsread( 'peristerona_dedomena.xlsx’ , 'Sheetl' ,'AL:AP367' );
years=size(data,2);

headers=data(1,:);

data=data(2:367,:);

QO0=zeros(1,years);

Qt=zeros(195,years);

Q1=zeros(195,years);

Q2=zeros(195,years);

Qt_modified2=zeros(195,years);

totalerrorl=zeros(1,years);

startday=zeros(years,1);
stopday=zeros(years,1);

FUeg ~ U U ¥Y3w Wl WG Wea i 3 0UUs s Used Usyy :
A AstUorvoe GUes o MAEABUJwdGamlige sdwwgrs U HAMY 6a60s
- .

Exceld U €6y (e UglusYaUUUeg UUelsecg 3Ua U, K 6o
aUs GUsd o3 Ueeyd 85 deUjetsUd e0U0jetUsd U g}
"a3UaU GU UealGUysdedUsose e6y) lGeyeasUsex) 0a963e)U

"avd Uxs uUsUdylGsers UUL 3
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A bYyeoalUdeystehd Usg eUoydegd Urs edUjui¥s “e8g 6
Uds Uiaddd Udd g eaesostlUssed UUci UqUUd. €U ¢c
0 Q: dq U eyj3ee Usg e€83Uyacg GUds Uyece Udd ~ Uy s

0 Q: d ey dqU e} j8e Usg 63 63980i BoebbPewsgUasd 15

662 FTUdeyoslehd UjcooedQlioesbd U@JjcecgsWgoaacg (

for j =1: years
if isnan (data (366, j))
Q(1, j)=mean(data (91:104, j));
Qt(;, j)=data (105:299, j);
else
Q(1, j)=mean(data (92:105, j)); %pologismos Q0
Qt(:, j)=data (106:300, j);
end
end

FUds GgsycUsU, Qvigded asyilddosUgle diodes GUaU y3UU )
oaUs UececryeislUUs 895 ~UpU0UdydeysUd Useyd Udd U @
] 3UagUsoay¥Y, d UsUlsaUGaU "~ Ujys0);YGiUUUs GUs UlYilsea
663 AGUjecoe (aoabFolaygy Savitzky

for j =1: years
order =3;
vIN =Qt(;, j);
interval  =59;
vOUT=savitzkyGolay 1D rle ( VIN, order , interval );
figure
x=1: numel (VIN );
plot (x,VvIN, x, vOUT);
tite ('+GUAQ A& Ky ¢ §alizky - Golay ')
xlabel (' Days') % x-axis label
ylabel (' Q (m'3/ s) ) %y-axis label
legend (' NJE] 0 Gk A0 Q0 0 @B/ s) ,'! 0 Ok AKDAWDPE o (TB/ s) )
temp=["' SG , num2str (headers (j)), . png'];
saveas (gcf ,temp);
close all ;
Qsg(:, j)=vOUuT,
end
Qsg( Qsg<=0)=0.001;

FUes "~ Uy U ¥3y U RGO UGeU ot ilsoalU o asSavildysGolayff Uygdsoe |
"Uy 993 YideaU UsUagUsay¥Y GUs UlYlGse .]oafhed, UeayocUL
¥d o2UUL Gas nilgy Usee 0.001

664 zUUWBUje Uxvx3s edUjiy3s utUteeysrys U cype3aeils

Tin =reshape (Qt,[ numel ( Qt),1]);
SGin=reshape (Qsg,[] numel ( Qsg),1]);
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GasU0UUs 000Uy e e Ux3s edUp 1 vs uUuesysvs a0 6y c
U UsUjoUGeysys U Ue GaaUye, yUlGs (GUU 30 UsaUsc
665 3 6eacostehd Udd 3djed "~ Ujpshlag

for j=l:years

Qt_modified2(:,j)=Q_maoadificationB( Qt(:,j), QO(1,j), headers(j) );
startday(j,1)=dry_season3( Qt_modified2(:,j), Q0(1,j), headers()) );
[stopday(j,1),~]=season_stop3( Qt_modified2(:,j), headers(j), startday(j) )
end

parameters=[Q0',startday,stopday];

FUs UGgooUsajoseceysae UseelU oaitlUosalU 2a3U00Us aUdey) slich:i
h vd “~UypsoyYideU UsUagUsay GUs UuYliss 8. 3.
666 dUaUstUs cadid U ecjyetdd Usg eylaeg UUU Uo:

LB1=[ - 1, - 1];
UBL=[1,1];
options = optimset (' MaxFunEvals ', 1000);
startpoint =[0,0];
[ x, fval ]= ga(@(gparam) globalerror 1( Qsg, parameters , gparam),2,[],0,0.0, LB1, UBL);
error 1=fval
for j =1: years

for i =1: size (Qsg,1)

Qsim(i, j)=Q0(j)* exp (- (x(1)+ x(2)* Q(j)* i);

end
end
Tout =reshape (Qsim,[ numel ( Qsim),1]);

y=1: numel ( Tout )

plot (y, Tin,y, Tout )

tile (‘+#+GUAQAKEAQGK lg0lGFEY] Gk Gk RO@S 0 QUE I BCkWUIDA 0AAg QoY
xlabel (' Days') % x-axis label

ylabel (' Q (m'3/ s) ) %y-axis label

legend (' NJE] 0 Gk AOQQ o @B/ s) ,'! g7 Gk GKAIDGE) ¢ @B/ s) )

print (' Qmeanerr 1','-dpng"',"'-r600" );

close all ;
EUs Uy U ¥3y UegeelU ot ts0U tdUddley UdaegUU By oUWd cljss
"UpYelUOU;es Usg casoeasi e£a63Uyalkkil; UbGdgas alhg ayicriee W, U
s Uie "~ UyyvyeUUyes Uesg e63Uyasg. €yosd.Qum ©88020G6:
2030U0U0Us eU0U0UUye e Uxys GUessecUaxys UgUit s 80U Gjye3c6dl
aUs UoaUsedeysdd U @6y jeed.
667 dUaUetcecadid U cjyeadd Usg asoUjsdesaci 0GY
LB1=[ - 1, - 1];
UBL=[1,1];
options = optimset (' MaxFunEvals ', 1000);
startpoint ~ =[0,0];
[x2, fval 2]= ga(@(gparam) globalerror 2( Qsg, parameters , gparam),2,[1,0.0.0, LB1, UBL);
error 2=fval 2
for j=1: years
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for i=1: size (Qsg,1)
Qsim2(i, j)=Q0(j)* exp (- (x2(1)+ x2(2)* QO(j)* i);
end
end
Tout 2=reshape (Qsim2,[ numel ( Qsim2),1]);
y=1: numel ( Tout 2)
plot (y, Tin,y, Tout 2)
tite (" +GUAQAKkkA kA 0GkiUOQOG3 gAG AJ) GKkGkliOBCRAAYPGIh GYIN FRAEKAY Gk U
xlabel (' Days') % x-axis label
ylabel (' Q (m'3/ s)' ) % y-axis label
legend (" NJE 0 Gk i QG Abdgsy QU! §j GkGk i OoG AW3e)p U (
print (' Qmeanerr 2','-dpng',"' -r600");
close all ;

U "~ Uy U ¥3y Uegeel o1 90U iUddder UdaegUU By old cljss
"UyYeUOU;es Usg e6esaei e£€683Uyacg. EUds GgsycUsU, ¢
"UpYeUOUyes Usg e63Uyasg. EUds GgsyeUsU,Qud 8acoa
aUs 2a3U0UU0Us eUUUU; e e Uxs GUaclsdeelbasygsy oW @l @ dai
e00)deysadd aUs UsUse gy dad s Udded hllad hBsel) dodls
290 Usd g fHess Ud Ujyeesayd Useyd Usg e63Uyasg (i
deUjyi13 Usg | jysaaasg) .
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edpegd o2s5U Ud aUay¥sd U e6yjyeed Uxs Fy3U0eU0aUL3.
0d Usee Urs uwlhise j Uddp oa j3d WidicUedree seddalUs GU Ggasl
cooyd Useyd Uesg e83Uyasg, yUGs 100U 30U o2a3Us (
h"eg g e6a60295U¢cai Usg UGlGdYeacsUUs(J. FUd GgsycUsU
} Usllglgeal e UoU0di 3 UslisUGyy 63 UBdYeUUy ahp etdliDay dg
Yoe UUU "jetUjesoed) 025U fAaU UU yUd, dUxy130U0(d
salUd 2a3U0UUs d bUaUstUs e6adqlid Udd " Bpo&awd) &g
g GUd Ulgdigyss sl s UaUUs, eU UGUyesoe aUUYaadadd
Uj e g KslosoahUU; U, UszUUYee3UUs UU UshasgdU aUs

1. daoeydd 646380 Us; ¥ deUjeliovys "~ U)delpgadmgldndg U
aead UBpsUvibsy ae di8dUd i 3¢ dc

2.) a6 e Useit 3 Ujyecosoed "Uyshleg, 85 8 asalUd g |

3.) 896 e Uset 3 UUasae®yh ¢dismehaticaags o HU liyhlhiesds 3o 5 3
BoU¥bjaag

4. ) 896 e havrs Urxs Uslipweddegs Ube 1 8UésgUguUd
eUarldd Udd dUj;ssed jeed

5. A3eeYoag3ld 6je3c0Us); ¥Yd cUGHayU) ecoe Usg GaalUj c
¢ UsUeagUsoee " Uysoj3Ule Usg eUdslecasosasi g 6bYd]
"Up U0 ¥sy 2a3000s GUes TUlGYaUsae 6.

EumgsyGUsU 290 aYdU seszae “6g o UUUWse g ywe Wis
Us ;eei'UUe soaU3e 685dQWo da g0y sl U ae3lUbU 3i g sUk(s
ees3lUyoars yhosyladd aU 009&9[) bYld. c¢gosids dodi

"Up¥YeUOU; e GUUay Ugtdd 25U faU UU yUd, d 6 ealU "
GO0leeysrs dUjssed jeed.

isU Ud aUsaysd Uxs 7T,U0eU00Ut3 "Ujeglosa¥YseesUUs ¢Uy
Ussaeahodld Udd ~} 63Ul eifec ddaxs¥ cassliseeyUU U s UUay
g hess Ud aUoay¥3Ud " ddelasUliysdd d8@» vd W UcU jpdldiUsW a
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a3 UklUdEgoa U3 Uy vyUsoeahd ~a3UsUd GlidddEerUFEs @isdd Bjedlas Us dU 4
"8g “JUoelUUs 8seddealUs 295U Ud aUsy¥sd U 6jjeed Uxs 7Ty Use

no filter start day dry season linear filter SG filter

error;-mean QQ 12.437 11.646 5.653 4,943 5.795

error-median Q 12.445 10.092 5.234 4.435 5.333

error;-min Q 13.818 5.683 3.561 2.484 4.998

error,-mean Q@ 7.191 6.626 4.644 4.276 6.693

error-median Q 7.084 6.353 4.428 4.021 6.021

error-min Q 6.968 5.000 3.563 2.993 5.225

] " h Ues Uy U ¥3y “a3UaU 92a30U0Us & UGywg shulgsU alkdh dge o
minQ @ Uaror,, UdaUte dq UaYestlUd Usece ¥vd Ujcooe Usce
GiYoceb) ageg8eUd bUaUstUs esadid. RBWU ey dfedxslcodd
Uy U ¥sy GgsugUlehd "6g dUxy UaUUs oaUs 6 byaUsaUs
71 Yy eliUjesgoe eg683Uyacg GUds "~ ae)Jd G4 63

Uy sfhilicg

GosU Uds 3dje "Ujaelise oaY¥YdU giujeaeossaci yUsgd, 1Us
Uy Usd Uy h egldddy eyeeocdd(cywild.>didsyYeUled oaUs Ua¥Ye
"3t U¥3 deUji3 ) jpseaaesg) oaUs Us GldYeaceU U bYUO(

FUs3 HYasUalU 7.2 "UjeglsosvasasllUavyed Woed gz Wag; g WYY
Q@EUebyY3sOUUs ¥vd d eyad Usee Uxs 15 "~ 31 Uxs deUyt
8  dae ~JUoeUUg @oeddalU d blhp&)ddbbescaddUdeel gy Y
UsaUsedeysd €U Ues eyle UUU; Uovyssaf ofilriieesll UsU sl (e
Usstt GUsd 5.2 o Userrdr, erorpUkakdleUelbe Us y By s gUU) Uov3sa
a8oUyadesaf “~eg ~ Uy 23 vigBwad Uelslesd UCilsyvsde; ¥31.q Usa
O  he U3 U UuYisU.

a3z UmRUdEgoalU3 Uy vyUsay¥Y U gUUeayleUUU UUelosceg e€63Uyaag
Uxs 730008013, Qald¥sodilldqd Usgde Uxs 15 ~ ;1 Uxs deU.

N_ T Qo(mgls) error, al error, a
1967 1.679 16.944 0.004 7.693 0.006
1968 3.115 5.846 0.012 5.155 0.013
1969 1.720 13.932 0.005 7.962 0.007
1970 2.882 7.403 0.012 5.286 0.012
1971 5.776 8.267 0.024 8.458 0.017
1972 2.508 27.694 0.005 10.479 0.008
1973 4,255 19.564 0.013 8.298 0.014
1974 1.875 53.459 0.004 11.076 0.007
1975 2.208 7.672 0.010 6.042 0.010
1976 1.583 12.671 0.006 6.612 0.007
1977 1.148 5.292 0.006 5.159 0.007
1978 3.097 16.204 0.011 6.762 0.012
1979 3.950 12.249 0.013 4,428 0.015
1980 2.567 19.754 0.006 8.467 0.010
1981 2.758 17.289 0.009 5.920 0.011
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BasUs B o3U20; vyUsoayY U sUUey@eUUU UVUUelsag
73 Ue U@L 30U, o YosbetbUtis st g Unrdh

U e)jjeed Uxs

(Gg3sycUsU)

ees3Uyacg

15 “ 31 U~xs

d

N_ T Qo(m3/s) error; a error, A
1982 3.673 11.486 0.012 6.800 0.013
1983 2.523 5.021 0.012 4.377 0.012
1984 3.901 16.338 0.012 6.454 0.013
1985 3.593 13.123 0.016 5.422 0.016
1986 2.835 14.440 0.011 4.968 0.012
1987 3.272 10.540 0.011 7.075 0.012
1988 2.631 4972 0.015 5.260 0.013
1989 0.993 24.925 -0.001 10.615 0.003
1990 0.312 10.469 -0.003 11.613 -0.003
1991 2.293 20.521 0.006 7.225 0.010
1992 1.997 18.002 0.009 6.499 0.010
1993 2.675 10.953 0.012 5.976 0.013
1994 2.155 8.859 0.010 4.989 0.012
1995 2.312 13.192 0.007 6.897 0.008
1996 4.072 9.340 0.015 7.969 0.013
1997 2.240 20.934 0.008 7.932 0.011
1998 0.698 17.291 -0.001 10.444 0.000
1999 4.529 6.189 0.019 4.337 0.017
2000 2.505 3.622 0.018 6.830 0.014
2001 1.372 12.871 0.007 6.451 0.009
2002 1.353 26.761 -0.002 9.154 0.001
2003 3.424 6.707 0.015 6.377 0.013
2004 3.290 13.749 0.009 6.267 0.010
2005 3.263 9.212 0.011 4.812 0.011
2006 3.952 7.421 0.014 6.175 0.012
2007 2.601 4.520 0.014 5.215 0.011
2008 2.535 14.670 0.012 8.722 0.010
FUes3s FKFeeeU 7.1 @GUa3U0UUs d Ggley@elliqUBddg ©j 8egbg

"8g UsaUseeddoaUs

UsU s0U0UL30U0Us

ee3Uyaasg.
squaredda G} Ye Us
GUUUsGUsahf

ala3 Us:

&

29U

GUa3 U0U0Us
ygup U’
Uuae

91

aYdU yUesd,
3 U g Y s bs Uhavee Uslljcsy e
shUbUstL 30UUs
e U0UbaqURUJUUG

"esuel0UR Udd
y e gQualg sliggd s Wydwe WY

ee3Uyae. ¢ Uszsalvrid

TBIMTCERPCMITMP PG Tp

aU»s

aUdL d

aUs Us 92}
g

Us- bUdeh
a0 ya3

(7.1)



Aaypappa cuoyxiriong Q0 kai ouvteAeoTn al

0.025 -
Q
y = 0.0043212"X - 0.0018241
0.02F
O
O
0.015 F o o© ©
@] 8 o)
QOO o O
% 001F < o728
o O O
o,
O O
o o) o o0
0.005 | O ©
OO
0_
o © o
O Qo (m%s)
al
70005 | | 1 1 1 ]
0 1 2 3 4 5 6
QO (m%/s)
Fceilli) Ueeosoaf e83Uyae "~ JAbalydd aUs @adylUgsd Uddge OPp
a G6J) duosee QuUxzs Whdgrewdi Udq Usee Uxzs 15 “~ 31 U¥3 deUyit 3 Us

0 (Y aerrbry) (

FUOU FoeeslUBU ‘7Uj26glsY¥see3UUs UsulUsoaUsoa¥Y UsUosy Yeel
U e)jj3eed oaUs Uesg ¢e83Uyacg “6g 80U} efesBUUS.

';e&U;sh OU0Us eeUse'esq(]an GUsd eUUydeysUd Use}
Uy shlieg 3rvyalU0; 0 U Usd 184 deyy Ud. EUs FEeceel
aUs Uttt Ue e83Uyas yecUs oUs Fdagz UsaUaisUW d J ety
ee3Uyasg UaszUs soUss 6s5dUssae "Ujfhase “~e6g aUds U
y3Us3U GUs3helU3U byech Uxadd. EUe FKFceeeU 7.5 oasl
U fh Usd 15 BoaUvby aaedg,e Uabiyu sliee ¢ a)3alliylbyee AisUHU s s o U

92



Aildypappa HETPNPEVNG KOl UTTOAOYIOHEVIG ATTOPPONG
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Qt (m*/s)
Qsim (m%/s)

Q (m%s)
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Aiaypappa peTpnUEVNG Kal UTTOAOYIOHEVIG OQITOPpPONS
T T T T T T T

Qt(m®fs)
Qno filter (ma;'s)
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6 Aidypappa HETPNUEVNG Kal UTTOAOYIOHEVIG QTTOPPONG
T T T T T T T T T

at (m%s)
Qno filter (m?/s)
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Yas UmBUJd FKEgoolU3U; vyO8oVey eBB8ydsy

"y hosyadd Udd dUy s3

aUa¥sd U ' 6)jeed Urs 7)Q0c 08 povYebsd s tlsboddUyd
N_ T Qo(m3/s) error; & error, A
1967 1.679 5.084 0.008 5.083 0.008
1968 3.115 4,773 0.015 4.646 0.014
1969 1.720 4,993 0.010 4,993 0.010
1970 2.882 4.440 0.014 4.243 0.014
1971 5.776 16.778 0.029 8.490 0.019
1972 2.508 7.943 0.011 7.913 0.010
1973 4.255 7.626 0.017 7.392 0.016
1974 1.875 5.624 0.009 5.621 0.009
1975 2.208 6.261 0.014 5.561 0.012
1976 1.583 4.387 0.009 4.324 0.009
1977 1.148 3.355 0.008 3.310 0.008
1978 3.097 5.536 0.014 5.325 0.013
1979 3.950 3.565 0.015 3.519 0.016
1980 2.567 6.350 0.009 5.308 0.011
1981 2.758 4.248 0.012 4177 0.012
1982 3.673 5.416 0.014 5.410 0.014
1983 2.523 4.866 0.014 4.076 0.012
1984 3.901 5.411 0.015 5.408 0.015
1985 3.593 5.242 0.018 4.854 0.017
1986 2.835 3.726 0.013 3.669 0.014
1987 3.272 5.719 0.014 5.668 0.013
1988 2.631 7.324 0.018 4,997 0.014
1989 0.993 3.932 0.004 3.823 0.005
1990 0.312 0.863 0.001 0.860 0.001
1991 2.293 4.153 0.010 3.555 0.011
1992 1.997 4.352 0.012 4.352 0.012
1993 2.675 4.975 0.015 4,941 0.014
1994 2.155 3.689 0.013 3.686 0.013
1995 2.312 5.357 0.010 5.298 0.009
1996 4,072 9.934 0.018 7.836 0.013
1997 2.240 5.009 0.012 5.007 0.012
1998 0.698 3.416 0.002 3.400 0.003
1999 4,529 5.661 0.020 4.169 0.018
2000 2.505 9.596 0.020 6.481 0.015
2001 1.372 3.588 0.010 3.585 0.010
2002 1.353 4.811 0.003 4.810 0.004
2003 3.424 7.065 0.017 5.969 0.014
2004 3.290 5.188 0.011 5.185 0.011
2005 3.263 3.889 0.013 3.871 0.012
2006 3.952 6.903 0.015 6.169 0.013
2007 2.601 6.942 0.015 5.161 0.012
2008 2.535 10.690 0.016 7.853 0.011
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Aldgypappa e§opaAupévng aroppong
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12 Aiaypappa eopaAupévng amoppong
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Aiagypappa e§opalupévng amoppong
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Aiagypappa eopaiupévng amopporig
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U "6g " UysoyvYidayYoasllogUea®) a1liika

ieeys¥ys oUs "~ etUyehialUdaU Us 3yeg Ues e63Uyas.
"Uy Uegpdpd) a¥dU yUesd 3Ucx(eoldryYazqUllg ceged UBe¥asol

"3t U0¥3 deUyi13 Uesg |  }oaasg), aUs Ue UGlGYeoceU ¢
bUOaUstUs 6adid. agbdunszbUes e Woefp  slhdd ~ Uy Uey Uy g
U0Uy Uoxvyssah GGYaeU oaUs Ue asoUysdessah GGYacelU @

Uz UaGPe4§edior, error, Jas Us Us eylae UUU; Uovssah GlGYacel
“"Uy 90y Ylido®s22aUes UUYGUSs

a3 UMEG o003 U0y vyUsoey U cUUeayleUUU Usg e83Uyeasg ~J Ao3 7yl
aUa¥sd U 6yjeed Urs 7 Q0&dka 0hesY,c silEd YBwseseUUrardl5 1 U

N_ T Qo(m3/s) error, a error, A
1967 1.679 3.494 0.008 4.866 0.008
1968 3.115 3.452 0.015 3.827 0.015
1969 1.720 3.115 0.010 4,989 0.010
1970 2.882 3.175 0.015 2.704 0.016
1971 5.776 5.117 0.030 5.144 0.024
1972 2.508 3.906 0.013 4,548 0.013
1973 4.255 6.145 0.018 4.073 0.019
1974 1.875 3.007 0.010 3.625 0.011
1975 2.208 4.077 0.014 5.063 0.012
1976 1.583 2.289 0.010 3.030 0.011
1977 1.148 1.317 0.009 2.872 0.008
1978 3.097 3.763 0.015 2.245 0.017
1979 3.950 3.991 0.015 3.538 0.016
1980 2.567 6.281 0.009 4.755 0.012
1981 2.758 4.290 0.012 2.924 0.014
1982 3.673 5.659 0.014 3.392 0.016
1983 2.523 4.068 0.015 3.444 0.013
1984 3.901 7.078 0.015 5.609 0.014
1985 3.593 3.906 0.018 3.451 0.018
1986 2.835 3.607 0.013 4.066 0.013
1987 3.272 4.838 0.014 3.623 0.015
1988 2.631 3.375 0.017 5.326 0.013
1989 0.993 1.717 0.005 2.658 0.005
1990 0.312 0.293 0.001 1.105 0.001
1991 2.293 3.729 0.010 3.419 0.011
1992 1.997 3.063 0.012 3.034 0.013
1993 2.675 4,585 0.015 5.202 0.014
1994 2.155 3.416 0.013 3.619 0.013
1995 2.312 4.805 0.010 5.326 0.009
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N_ T Qo(m¥s) error; a error, a

1996 4.072 3.475 0.020 3.242 0.018

1997 2.240 3.602 0.012 3.385 0.013

1998 0.698 0.924 0.004 1.830 0.004

1999 4.529 3.814 0.020 4.047 0.018

2000 2.505 1.753 0.021 3.950 0.017

2001 1.372 2.038 0.010 3.633 0.010

2002 1.353 1.734 0.007 1.907 0.008

2003 3.424 3.224 0.018 2.634 0.018

2004 3.290 4.818 0.012 2.632 0.013

2005 3.263 3.374 0.013 2.015 0.014

2006 3.952 3.012 0.016 2.223 0.016

2007 2.601 3.519 0.017 2.833 0.015

2008 2.535 2.733 0.019 3.850 0.015
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GUas0UUs, g ¥YjcUs “"6oei oaUese Gglcy UsRisquarétdtas Wia ¢
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