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NESTOS RIVER DRAINAGE BASIN

Total length: 230 km

Drainage basin area: 5.800 km?
« 2.800 km? (48%, Greece)
« 3.000 km? (52%, Bulgaria)

Municipalities: 212
* 119 communities (Greece)
« 93 communities (Bulgaria)

Population: 179.000 habitants
 42.000 (Greece)
« 137.000 (Bulgaria)

50 tributaries
e total area 1.350 km?



HUMAN IMPACT ALONG NESTOS RIVER

Dams

1. Sediment load impediment — coastal
Zzone erosion

2. River discharge regulation

3. Downstream water temperature
decrease

4. River discontinuity — implications in fish
fauna

5. Rapid downstream flow changes
depending on energy needs

Agricultural — Urban Activities

1. Nitrogen & Phosphorus loads

2. Application of pesticides and other toxic
substances

3. Land Reclamations — Land use changes

4. Habitats Degradation




HISTORIC RIVER DISCHARGE DATA (Temenos)
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Continuous reduction of mean river discharge
Higher mean monthly flow : 199 m3/sec (March 1971)
Lowest mean monthly flow: 0.83 m3/sec (September 1994)
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Genetic modeling for the optimal forecasting of hydrologic time-series:
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ARTICLE INFO SUMMARY

Articie fistory: River flow forecasting consists one of the most important applications in modern hydrology, especially
Received 26 June 2008 for the effective hydropower reservoir management. In this paper, an innovative non-linear time-series
Keceived I mevised fomm 19 Octaber 2008 fitting and forecasting model is proposed, consisting of the following sub-modules: [a) the division of
Accepied 29 January 2009 the time-series into generations, by identifying the structural change points, (b) the generation decom-

position into linear trend, harmonic component and autoregressive component, consisting of several
This manusecript was handled by K. gene ARMA models, (c) the use of fuzzy methods to determine the relative weight of each gene model,
Cecrgakalkos, Editor-in-Chief, with the and (d) the time-series expansion for the optimal forecasting, The method was applied to the mean
ssistance of Emmanouil N, Anagnostou, monthly Mestos River discharge data for the 1966-2006 period, recorded at the Greek-Bulgarian border,
Associate Editor serving as inflow to the Thissavros Hydropower Reservoir. The selected series was divided into five dis-
incrive generations representing periods of gradual surface runoff reduction. It occurred that mean
Keywords: monthly discharge during the fifth generation was almost halved, compared to the corresponding value




GENETIC MODEL FOR THE OPTIMAL FORECASTING
(GM-OF)

Model steps:

» testing (accepting or rejecting) the null hypothesis that for
a-significant level, the hydrologic time-series has no
structural change;

» defining the phase change points and dividing the time-
series into generations;

» decomposing each generation into its linear trend, its
main harmonics and residuals;

» performing autoregressive fitting on the residuals and
defining the membership of fithess for the gene models;
» defining the leading model, and

» applying the optimal forecasting algorithm on the last
generation.



STEP 1: “GENERATIONS” DEFINITION
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Table 2. Hydrologic characteristics of the five generations defined in the Nestos

River discharge time-series.

Generation Time Period Mean Annual Total Mean Daily Annual
Discharge Annual Runoff Runoff
(m’/s) Runoff (x10° m’/d) Change from
(x10°m’/yr) Generation 1
1 January 1966 — 36.41 1,132 3,102.36 0.00%
May 1971
2 June 1971 — 28.47 886 2,426.30 -21.79%
April 1980
3 May 1980 — 29.59 920 2,521.34 -18.73%
December 1982
4 January 1983 — 22.31 694 1,900.89 -38.73%
January 1986
5 February 1986 — 17.76 552 1,513.50 -51.21%

December 2004




STEP 2: TREND IDENTIFICATION FOR EACH
“GENERATION™
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STEP 3: HARMONIC COMPONENTS IDENTIFICATION
FOR EACH “GENERATION™

Periodogram Values
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Generation 1

j  T@) (months)  A(j) B() ] T@) (months)  A(j) B()

1 64.00 0.1334  -0.0203 10 5.33 0.0773  -0.0263

) 32.00 -0.0278 0.0870 11 4.57 -0.0334  0.0224

3 21.33 0.0423 -0.0255 12 4.26 -0.0425  0.0072

4 16.00 0.1000 0.0898 13 3.76 -0.0384  -0.0379

5 12.80 0.3822 0.0147 14 3.55 0.0262 0.0357

6 10.66 -0.1502  -0.0619 15 3.04 -0.0646  0.0034

7 7.11 -0.0727 -0.0718 16 2.56 -0.0255  0.0300

8 6.40 -0.0644  -0.0094 17 2.46 0.0056 0.0386

9 5.81 0.0611 -0.0901 18 2.20 -0.0204  0.0428
Generation 2
i TG)(months) AG)  B(G _ j  T()(months) A(G __ B()
1 53.00 0.0268 0.0751 10 6.23 -0.1085 -0.0415
2 35.33 -0.0254  -0.0620 11 5.88 0.1039  -0.0027
3 26.50 -0.0451 0.0093 12 5.57 0.0402  -0.0476
4 21.20 0.0456 0.0052 13 5.04 0.0445 0.0408
5 17.66 0.0062  -0.0537 14 4.60 -0.0105 -0.0444
6 15.14 -0.0265 0.0922 15 4.24 -0.0317  -0.0320
7 11.77 0.1746  -0.1492 16 4.07 0.0129  -0.0438
8 10.60 0.0062  -0.0472 17 3.78 0.0431 0.0380

: 9 6.62 -0.0291 0.0577 18 3.21 0.0051 0.0451

Generation 5

i T()(months)y AG)  B({ _ j T()(months A(G __ B()

1 250.00 0.1472 0.0015 10 14.70 -0.0447  -0.0421

) 125.00 0.1640 0.0061 11 11.90 0.1679 0.2914

3 83.33 -0.0037 -0.1064 12 11.36 0.0256 0.0399

4 50.00 -0.0141 0.0748 13 10.86 0.0275 0.0454

5 41.66 0.0551 -0.1025 14 10.41 -0.0008  0.0781

6 35.71 -0.0545 -0.0588 15 6.25 0.0425 0.0584

7 20.83 0.0513 -0.0352 16 6.09 -0.0161 0.1023

8 19.23 -0.0195 0.0549 17 5.95 -0.0621  -0.1242

9 16.66 0.0215 -0.0590 18 3.96 0.0409 0.0270



STEP 4: MODEL FITTING FOR EACH “GENERATION™
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Table 7. Transformation of Mj; to n;(j) values for each gene model applied on each

generation and derivation of gene models frequency S(j).

Generations AR(1) AR(2) MA(]) MA(2) ARMA(1,1)
1 0.00 0.00 1.00 0.00 1.00
2 1.00 0.00 1.00 0.00 0.00
3 0.00 1.00 0.00 1.00 0.00
4 0.00 0.00 0.00 1.00 0.00
5 0.00 0.00 1.00 0.00 0.00
S@) 0.20 0.20 0.60 0.40 0.20
w(]) 0.125 0.125 0.375 0.250 0.125

Thus, the optimal forecasting F; formula which will be used for Nestos River mean
monthly discharge forecasting is:

Fo=0125f, + 0.125f,, + 0375f, + 0.250f, + 0.125f;, )

where f;, £, f3;, f4+ and {5 represent forecasts produced using the models AR(1),
AR(2), MA(1), MA(2) and ARMA(1,1), respectively.



STEP 4: MODEL PREDICTION
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Table 8. Performance indices for the GM-OF forecasting assessment.

MAPE (%) RMSE  U-Statistic R R* Slope

2005 16.27 7.71 0.15 0.956 0.914 0.952
2006 18.48 10.84 0.25 0977  0.955 1.262
2005-2006 17.37 9.41 0.14 0941  0.886 1.063




MONITORING IN NESTOS DELTA
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Image & 2005 DigitalGlobe
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MATERIAL AND METHODS

» 17 River sampling at 4 stations
during 2006

I|
:
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=
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» 3 oceanographic samplings were
contacted during March, May and
August (flood, medium and low
flow) in the coastal zone

J...-r"".l r?sl. ; Lj

Sampling sites in the wider area of
»> Water samples were collected from Nestos estuary

a network of 30 stations (multiple

depth samplings from § stations) ~ Lemperature and salinity

were recorded using a SBE 19

»> The samples were analyzed for the plus CTD

determination of NO3, NO2, PO4, .
NH4, SiO2 kai Chl-a. » Nestos discharge were
measured using a moored

RCM-9 current meter



TELEMETRIC MONITORING STATION AT
NESTOS DELTA

Hourly monitoring of physical &
chemical water parameters:
- Temperature

- Conductivity

- pH

- DO

- REDOX

- Turbidity

- Chlorophyll-a

- Water flow

- Water stage




RIVER ENVIRONMENTAL MONITORING

Monthly sampling of physical & chemical water & sediment parameters
A. Water B .

T S T I

- Temperature

- Conductivity

- pH

- DO,

- SPM - Turbidity

- Nutrients

- Chlorophyll-a

- Heavy Metals (Cu, Cr, Ni, Zn, Hg, Fe, As, Cd).

B. Sediments
- Grain size analysis
- Heavy Metals (Cu, Cr, Ni, Zn, Hg, Fe, As, Cd)




INSTRUMENTATION FOR IN-SITU
SAMPLING

¢ River discharge monitoring (water flow and stage)
¢ Physical & Chemical water sampling
s Water quality monitoring

+ Sediment quality sampling

26/01/2006 14:09 il 26/01/2006 13:45




RIVER DISCHARGE

» Strong seasonal variability
during 2006 with Wet/Dry season
ratio = 2.45

» Maximum river discharge during
January 2006 (136 m?/s).
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» The average discharge 9 days
before the oceanographic
sampllngg was measured to 85, 59 Discharge comparison between
and 21 m°/s for March, May and 2006 and average values of 3
August respectively previous decades

Jan FebMar Apridaydun Jul AugsepOct Moy Eih:l:e. C

Months

» Comparing to previous decades,
year 2006 can be characterized as
a ‘wet’ year.



RIVER NUTRIENTS AND CHL-a

> Relatively stable nitrate values
decreasing form March to July N-NO3 —- N-NH4 —s— P-PO4
(average: 28.67 pmol/l). March May August
Concentration increase during
August (37.8 pmol/l)

» Phosphate and ammonium
concentration increase during 11 48 82 110 ho 199 253 269 349
May (4.4 and 5.8 pmol/l) and
decrease during August (1.9 Si = chia
and 0.6 pmol/l respectively).

» Stability of silicate
concentrations throughout the
year (mean: 184 pmol/l,
stdev:27 pmol/l. 11 48 82 110 145 199 253 289 349

» Chlorophyll-a peak during o
April, October and December.
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NUTRIENT FLUXES

» Taking into account the river nutrient concentrations and average
river flows, nutrient fluxes were calculated to:

= N N
()] o ()]

N
o

N Load (tn/mo)
P Load (tn/mo)




NESTOS NUTRIENTS LOADINGS COMPARED TO OTHER
GREEK RIVERS
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HEAVY METALS

Heavy metals concentrations (ug/g) in the SPM and the sediments of Nestos
River. Standard deviation in brackets

[rrigation Drainage Canal

Canal T4 Nestos River

SPM

Cu (Ug/g) 30,47 (1,3) 51,63 (21) 48,90 (11,8)

Ni (Mg/g) 27,60 (12) 45,23 (16,7) 56,68 (19,3)
Zn (Mg/g) 5,15 (1,5) 45,05 (50,62) 14,46 (6,8)
Sediment
Cu (Mg/g) 8,67 (6,7) 6,63 (7,4) 2,17 (1,7)
N1 (Mg/g) 15,47 (11,1) 8,13 (3.,4) 9,43 (5)
Zn (Mg/g) 30,06 (22,9) 17,55 (11,7) 13,49 (6,2)
Hg (ug/g) 0,03 (0,04) 0,04 (0,07) 0,03 (0,01)




WATER MASSES
March 2006 May 2006

Temperature (")

12 14 16 18 20 22

Salinity (p=su)



FRESH WATER VOLUME ESTIMATION

» The Fresh water volume
were calculated from the
equation:

(Sylaios et al., 2006)

Where:
So = Reference salinity, S = salinity in every AZ (0.5 m),
AA = area of each cell, m = cell number, n = total depth of each cell




RESULTS — RIVER PLUME (HIGH RIVER FLOW)

March 2006 Salinity [psu] @ Depth [m]=Top
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RESULTS — RIVER PLUME (MEDIUM RIVER FLOW)

May 2006 Salinity [psu] @ Depth [m]=Top
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Wind Speed (m/s)
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RESULTS — RIVER PLUME (LOW RIVER FLOW)

NOVemb el‘ 2 006 Salinity [psu] @ Depth [m]=Top
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RESULTS — RIVER PLUME (VERY LOW RIVER FLOW)

J anuary 2007 Salinity [psu] @ Depth [m]=Top
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VERTICAL DISTRIBUTION OF TEMPERATURE

March 2006
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VERTICAL DISTRIBUTION OF TEMPERATURE

March 2006
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VERTICAL DISTRIBUTION OF SILICATE

March 2006
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NUTRIENTS ORIGIN
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NUTRIENTS IN THE PLUME




CWR-ELCOM

O d1aXWPICHOG TWV KEAIWV TTOU
AVTITTPOCWTTEUOUV TNV npA yia
OAOUG TOU KAVVaBoug opicTNKE
ME TOV KWOIKO ‘999’ To Bdabog
TOU KAOg ‘udAaTivou’ KEAIOU
TTPOOOIoPICTNKE ATTd TOV XAPTN
TNG YOpoypa®IkKAGS YTTNPETIAGg
Tou NauTikou.




CWR-ELCOM
ApXIKEG OUVONKEG

“* O1 apxIKEC OUVONRKEG TNG BepOKpaTiag Kal TNS AAATOTNTAG £WG
Kol Ta 40 m Ba0og TrpoodiopioTnKaAV ATrd Mia OEIYNATOANWIA TTOU
Ol1evepynOnke oTig 25 NoguBpiou 2005.

*» O1 TINEG oTa BaBUTEPA CTPWHATA CUMTTANPWONKAV ATTO TNV
01E0vn BiIBAIoypapia.

Oeppiokpaoia (°C) A\aTéTTal (PSu)
11 12




CWR-ELCOM
OplakéG ouvBnNKEG

“» OpioTnkKav 3 avoixXTa opia: To VOTIO TO OUTIKO Kal TO aVATOAIKO
OpPI0 TNG TTEPIOXNAGS OIOKPITOTTOINONG. ZTA OpPIA AUTA
EQAPMOOTNKAV Ol CUVONKEG TTAAIPPOIAKAGS METABOANG Kal
gAeUBepnGg d1aBaong Twyv UdATWV.

*» O1 opl1aKEG oUuVONKEG (AAATOTNTO-BEpHOKpaCTia) yia Ta £TN 2006 KA

2007 TTpOoéKUYPAYV ATTO puNVIAiEG OEIYHATOANWIES OTO OPAKIKOS
MEAG i 6 DepUOKpaTia-AAaToTNTA 2007: Oeppokpacia-AAaToTnTa
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CWR-ELCOM
OplakéG ouvBnNKEG

“* EIcaywyn Twv a1roppowyV
TWV YAUKWYV UdATWYV a1rd TNV
Tagpo T4 (unviaieg NEOES
TIMEG).
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** Eilcaywyn Twv atroppowv
TWV YAUKWYV USATWYV aTTd TOV
NéoTo 6TTWC TTpoéKUYavV aTrd flapoxn NeoTou 2006
TIG CUCTNHOATIKEG METPNOEIG
TNG OTAOUNG TOU
TNAEMETPIKOU OTAOMOU.

Mapoxn (m3/s)

* To TTaAIpPOIAKO EUPOG
EQAPMOOTNKE OTA OPIA KA
utToAoyioTnke e Baon TIg
ouvioTwoeg M, kai S,,
EXovTag €Upog 0,2 kal 0,15 m

Mapoxn NéoTou 2007



CWR-ELCOM
OplakéG ouvBnNKEG
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CWR-ELCOM
BaOpovounon Tou ONOIWMATOG

> H BaBupovépunon Tou > H BaBupovopunon £yive yia Toug
OMOIWMATOG OIEVEPYRONKE KAl pRves MapTtiog kai Mdiog 2006,
YIO TOUG 3 KAVVOBOUG KOl YIO TIG  OTTOU TO TTAOUMIO BpEBNnKE
TIMES OEppOKpPATiaG- IOXUPOTEPO KAl TO EUPOS TNG
aAATOTNTOG. aAATOTNTOG METPNONKE OTA

upnAdTepa etTiTred.

» ESeTaoTnkav TANR60G —C U
OUVOUOO WY TOU CUVTEAECTN

TPOXUTNTAG TOU TTUBuEVa C,, Kal

TOU OUVTEAEOTH 0pPI{OVTIOG ac _ ve
O1axuUoNg TWV TTAONTIKWYV dt
PUTTWV K: > O1 HETEWPOAOYIKES
TTAPAMETPOI EQAPHUOOCTNKAV OE
» ANAEG TTOPAPETPOI OTTWG N oAOKANpEn TN TEPIOXN HEAETNG
avTavAKAaon TOU HIKPOU Kal og Uyoc 10 m a1rd TNV
HEYAAOU PNKOUG KUPATOG gAeUBEPN OTABMN TNG

NAIOKAG aKTIVOBOAiIag 8dAacoac .



CWR-ELCOM
BaOpovounon Tou ONOIWMATOG

» H amddoon TG KABe Trpocopoiwong TTou dIEVEPYNONKE yia TnV
BaOpuovounon eEAEYXONKE ME TNV XPAON 4 OTATIOTIKWYV KPITNPIWV.

OTTOU XI €ival N HETPNON OTO TTEdIO, yI TO ATTOTEAECUA TOU OOIWHATOG, N TO
TTANBOC TwV BEDOUEVWY, X N HECN TIMA TWV METPNOEWYV TOU TTEDIOU KAl Yy N MEON
TINA TWV ATTOTEAECUATWY TOU OUOIWMPATOG.



CWR-ELCOM
BaOpovounon Tou ONOIWMATOG
Tpia TAeypaTa: MapTiog 2006-aAaToTnTad
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RIVER PLUME MODELING (March 2006)

SALINITY 2006-03-28 09:20:00
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RIVER PLUME MODELING (May 2006)

SALINITY 2006-05-25 10:40:00 _




RIVER PLUME MODELING (August 2006)

SALINITY 2006-08-01 12:00:00 _
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Ocean Data View
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TEMPERATURE 2006-05-25 09:00:01
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Atrodoon Opoiwpatog-AAaToTnNTA

Mnveg S1(%)
2006
Madéptiog 3,00
Mduog 6,24

Avyovotog 6,60
OxktoBprog 3,45
Noéupproc 1,59
2007

[avovdproc 1,40

DePpovdprog 0,86
Ampiiiog 1,15
Mdioc 2,31

Avyovoetog 4,19

XentéuPplog 3,52
Noéupprog 0,98




MeTpnuévn aAardTnTa (psu)

MeTpnuévn aAatoétTa (psu)
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CONCLUSIONS

» River damming has significantly altered the hydrological
status of Nestos River, smoothing the ‘wet to dry’ periods
differences.

»In 2007 the ‘wet over dry ratio’ was 1.26, while in 2006 this
ratio was found 2.02.

» Based on the DEI dataset, the ‘wet over dry ratio’ showed a
mean value of 1.96 for the 1966-2006 period.

» River plume expansion depends directly on river discharge,
while its pattern along the coastal zone depends on the
wind direction.

» Under high to medium discharge events, the plume retains
a thin surface layer transporting nutrients at long distances
and favoring conservative mixing.

» Under low discharge conditions, higher nutrient contents
were detected near the mouth.



CONCLUSIONS

In any case, the minimum ecological flow set at the level
of 6 m3/sec for the downstream river part, is considered as
considerably low to sustain the natural characteristics of
Nestos riparian ecosystems.
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