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Xpoévog Avavéwong (Flushing Time)

Eivali o xpovog TTou atraiteital yia tnv avamrAfpwon piag padag vepou N
Miag dlaAupévng ouaiag.

2€ KOAG QVOUEMIYMEVO COUOCTAMOTA IOXUEl O OPICHOG. «XpoOvog
avavéwong Miag ouoiag gival o XpOVOG TToU TTPOKUTITEI DIAIPWVTAG
TNV Mala piag ouciag og €va ouoTnuA TIPOG TOV  pPudBuob
ATTOMAKPUVON TNG ATTO TO CUCTNHO».

ETTopévwg yia pia xnuIK ouadia:

Otrou M n ouvoAik puadla Tn¢G ouciag kal F n poy yaddag oto OpPIO PE TNV
avoIKT BdAacoa.

O Xpovoc Avavéwong ek@palel TNV VYeEVIKA TAOn avrtaAAayrng Toug
OUOTAMOTOG ME TNV QVOIKT) BAAacoa XwpEic va UTTEICEPXETAl O€
AETTTOUEPEIEG OXETIKEG UE TIC QPUOIKES DIEPYATIEG KAI TNV XWPEIKA KATAVOUN)
PUOIKWV IDI0TATWY VEPOU.



Xpoévog Avavéwong (Flushing Time)

2.€ TTEPITITWON udATIVNG Padag:

Otrou V gival 0 OyKog Tou TTAPAKTIOU CUCTHUATOC Kal Q n pory Oykou OTO
OpIO YE TNV AVOIKTH 6AGAacoa.

\ A O xpovog avaveéwang HETPA TOV XPOVO
TTOU ATTAITEITAI VIO VO OTTOUOKPUVOEI
£V PUTTOC aTTO TO oUoTna, OnA. va
MEIWBEI N CUYKEVTPWOT TOU.

Vd—( =0.C.-0C
dt




Xpoévog Avavéwong (Flushing Time)

OewpwvTag OTI N por paldag puTrou ATTO TO TTOTAYI €ival undEv, dnA. C; = 0,
Kar OTI N OpxIKR OUYKEVTpWON Tou putrou egival C, opolduopea
KATAVEUNMEVOU EVTOC TOU OUCTAMATOC, TOTE:

0

2
C(t)=CeV =Cye ”

C/Co

0 0.5 1 1.5 2 2.5 3
t/T;

2710 TEAOG Tou Xpovou AvavEéwaong To 63% Tou PUTTOU £XEI ATTOMAKPUVOE Kal
10 37% €£XEI TTAPAUEIVEI OTO OUCTAUO



Xpoévog Avavéwong (Flushing Time)

O utmroAoyiopog Tou Xpovou AvavEéwong Viveral TTo TTOAUTTAOKOGC Qv TO
ouoTnua OEXeTal TNV TTaAIppoIakn €TTidpacn. ToTte, TUAMO Tou OYKOU TOU
vepou (Kal Tou PUTTOU) TTOU OTTOMAKPUVONKE atrdé TO OoUCTNMA KATA TNV
AUTTWTN CaVAUTTAIVEI OTO OUCTNMA KATA TNV ETTOMEVN TTAQUUN.

Otrou b €ival o TrTapayovtag por¢ eTava@opdg (return flow factor) kai

EKQPACEl TO TTOOOATO TNG POIG TTOU ETTAVEPXETAI OTO CUOTNMA. Kupaiveral
amo 0 £Ewg 1.



HAikia Nepou (Water Age)

O Xpovog Avaveéwong ecival €vag PNEOOG OPOG XPOVIKOU dlaoTANATOG TTOU
ATTAITEITAI YIQ TNV ATTOpAKpuvon diag udartivng padas. H nAikia Tou vepou
(T,) €ivai o xpovog atmd TNV OTIyu €106dou piag uddarivng palog aTo
ouoTtnua. H HAIkia Nepou petaBaAAetal kata Tnv Kivnon tng udartivng padag

MEOO OTO oUCTNMA.

O@ewpwvTag Ot n udATIVN pala
KIVEITAI ATTO TO TTOTAMIO OTOUIO
TTPOG TO AVOIKTO Oplo, Hia uala
VEPOU EXEI MIKPOTEPN NAIKIO
OO0 TTIO KOVTA BPIiCKETAI TTPOG
TO ToTauio  oOplo. Av  duo

UOATIVEG Madeg MTTOUV
TAQUTOXPOVA  OTO  TTAPAKTIO
ouoTnua Kal KivhBouv

akoAouBwvTag  dIAPOPETIKES
dladpouEG, TOTE OTaV PpeBouv
oTO onueio A EXOUV
OIAPOPETIKEG NAIKIEG.



Xpovog NMapapovig (Residence Time) kot Xpovog AiEAgeuong (Transit
Time)

O Xpovog lNMapapovng (T,) €ival 0 xpOvog TToU aTTaITEITal YIa pia uddaTivn pala
TTou BpioKeTal 0€ OTTOIOONTIOTE ONMEIO TOU CUOTHUATOC VA ATTOMOKPUVOED aTrd
autd. O Xpovog lMNapauovig ival cuvapTnon tTnG OXETIKAG B€ong TnNG uddATivng
Malac eVTOC TOU OUCTAMAOTOC.

Etropévwg, N nAikia vepou Kai
o) XPOVOC TTAPANOVAG
EK@PPAlouv  TOV  OUVOAIKO
XPOVO TTOU QTTAITEITAI VIO Jid
udaTivn pada waoTe va Kivnoei
ATTO TO TTOTAMIO OTOMIO £WC TO
AVOIKTO PE TNV BAAaocoa 6plo.
AUTOC O XpOvoG KoAeital
Xpovog AigAeuong (T,).




YTtroAoyiopog Xpovou Avavéwong kail Xpovou lMNMapauoving
NMNapdkTiou ZUCTAMATOG

O Xpovog Avavewang UTTOPEI va UTTOAOYIOTEN atTd TNV YEaN por Oykou ry/Kal
TNV PEon pon HAdag EI0POIEC KAl EKPONC aTTd TO CUCTNHA KATA TNV JIAPKEIX
MiOC OUYKEKPIMEVNG XPOVIKNG TTEPIOOOU T.

‘EoTw OTI N OTIyPIQia eKpor) OyKOU gival g; TOTE N EKPON KATa TNV trepiodo T
givai:
T
O=> q;/T
i=0

[a TTaAippoloKkd CUCTAPATA O XPOVOCG T PTTOPEI va avTIKaTaoTalei atrd Tnv
TTEPIOdO0 TNG KUPIAS TTAAIPPOIGKAC OUVICTWOAC (TT.X., 12.42 WPEC yIa nuI-
NUEPNOIa TTaAippoIa), Kal n por) OyKou aviaAAayns atro To TTaAIPPOIaKO
mpiocpa P.
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Otr0U V 0 OyKOC TOU OUCTAMATOG, A TO EUPadOV Tou cuoTrpaTtog, T n
TTaAIppoIaKn TTEPIOOOC Kal R TO TTaAIpPOIaKO €UPOG dlaKUUAvVONG TNG
oT1dOuNG TNS BAGAaooac.
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Study Site

* Eratino 1s a shallow (mean depth:
0.5 m) coastal lagoon located in
northern Greece

* has a surface area of about 3.5 km?
and is part of a coastal lagoon system,
with a total area of 1,700 ha, located
at the western part of Nestos River
Delta

* supplied with freshwater by a small
stream (2 km long), draining
agricultural land

e communicates with the nearby
Kavala Gulf by a tidal channel

* tidal elevation at the lagoon’s mouth

ranges between 0.14 and 0.39 m.




Materials and methods

Monthly samplings were conducted between August ‘05
and August ‘06 at 10 stations.

e water temperature, salinity, pH and dissolved oxygen
content) were measured 7z situ using portable instrumentation
* nutrients  (N-NO,, N-NO;, N-NH,, P-PO,, Si-SiO,,
chlorophyll-a (Chl-a) and total suspended solids (ISS) were

measured using standard methods

Seasonal samplings for sediment samples were carried out
at 5 stations

 sediment nitrates, total Kjeldahl nitrogen (TKN) and total
phosphorus content (TP) were measured




Temperature Seasonal Variability (°C)
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Salinity Seasonal Variability
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Dissolved Oxygen Seasonal Variability (mg/1)
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Surface pH Seasonal Variability (mg/1)
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Surface N-NO, Seasonal Variability (pmol/1)
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Surface N-NH, Seasonal Variability (wmol/1)
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Surface P-PO, Seasonal Variability (umol/1)
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Surface Si-SiO, Seasonal Variability (umol/1)
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Surface Chl-a Seasonal Variability (pg/1)
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Surface TSS Seasonal Variability (mg/1)
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Tidal Prism Model (Sylaios, 2004)

S
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'EAeyyoc Eixopowv Nepou

1. Noootnta Nepou

« Aueaon TTapakoAouOnon PJe CUCTNHATIKEC OEIYUATOANWIEC
» Aueon TrTapakoAouBnon pe oTabuoug ouveXoug KaTaypagng
* 'Eupecog TpoadlopIouog UE XPNOoN METPNOEWY aAaTOTNTAG

* 'EYpECOC TTPOCDIOPICUOG UE XPNON METPNOEWY BPOXOTTTWONG

* 'EypECOC TTPOCDIOPICPOG JE TN XPHON OUVOETWY UOPOAOYIKWV
OMOIWMATWY




Water Resources Management (2003) 19: 713-735
DOL: 10.1007/s11269-0035-3020-y © Springer 2003

Monitoring Water Quality and Assessment
of Land-Based Nutrient Loadings and Cycling
in Kavala Gulf

GEORGIOS SYLAIOS®, NIKOLAOS STAMATIS, ARGYRIS KALLIANIOTIS
and PAVLOS VIDORIS

Fisheries Research Institute, National Agricultural Research Foundation, Nea Peramos 640 07,
Kavala, Greece

{"author for correspondence, e-mail: fri@ otenet. gr; Fax: +302594022222)

(Received: 24 June 2003; in final form: 7 September 2004)

Abstract. The results of a systematic and intensive nutrient monitoring program are reported, which
took place during the period 19971999 in Kavala Gulf, Northern Greece, having as a general task to
study the impact of the various human activities on the nutrient loadings and cycling of the aquatic
environment. A nutrient budget box model was used to estimate the annual capacity of Kavala Gulf
to store and transform dissolved inorganic nitrogen and phosphorus, aiming at understanding the
biogeochemical processes taking place in the area of interest. Point sources of nutrients from two
municipal wastewater treatment plants (Kavala and Palio Seawage Treatment Works) and a phosphaoric
fertilizer producing industrial facility (PFP), as well as non-point sources from agricultural activities,
seem responsible for the increased concentrations of dissolved inorganic nitrogen and phosphorus.



'H._H. )
|
1,
v
. '-fi
" ;—;.;_ i ____.-f _l:-'
o - .‘It!::,_"-xE. f_.a-""'fws.Tm;.‘:—
ftﬁ-::—_x j:{ K-:TL'.‘F!A ﬂ:}f GULF
40738 0N
Tn
|||.£ ﬂt“. e U8 Rl s il S km
Kavala T, :—;..{;_-';"— "'L h ‘h 1\..;......,,.., [ - —
P e
AT s }
_i;"'H ! I&'-"’E-I."rll.l" + Lagmm
_'-;Fl'l "2
Falio I_I:ﬂ“_irr 2 5 %; I‘Ff
e KAVALA T o
) o ‘giaaea Lagaon
) GULF Q%‘j.
figs ! e
" 827 L
" I = '] i !;i kr-'.
TI?HL;HH-LH i ™ L] {,_-"I.';!/r .'ﬂ K _Ji'—'-:"
AN w '
o
- L]
F 1] Ui
mmﬂ-}h ol Thassog.—
P Thassos Passage
= Plateau -
407 48 (0 N — A
AN N
l--I-___--"I - e e
."*x____f"r
|
;" THASS0S
A ISLAND
.-.Il'
24= 8" 00 E 247 45 00E



2.5. ASSESSMENT OF SURFACE RUNOFF AND NUTRIENT LOADINGS

The total freshwater runoff volume (Vy) was calculated according to a simple
climatological model (Kjerfve er al., 1996), as the combined effect from (a) surface
runoff (Vg), (b) anthropogenic activities (Vy) at KSTW, PSTW and PFP, and (c)
from Nestos tributary canals (Vr). The following equations apply:

Vi = Vi + Vi + Vir (7)
Ve = A ﬂf') ! ) (8)
R 3"( r (2.593 x 106 |

N

R CL-) (9)
;
o = 10° =57 ) (10)

where Ax is the drainage basin area for Kavala Gulf (417.6 kmj], r the mean
monthly rainfall (in mm), 7 the mean air temperature (in °K), e, the calculated
potential evapotranspiration (in mm) and Af the monthly runoff (in mm).



Links yia MetewpoAoyika AedopEva

http://ready.arl.noaa.gov/READYcmet.php

www.wunderground.com
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2. [Noiotnta Nepou

21eped ATTOBANTA | 14.786 kdTOIKO! 0,035

14.786 kaTOIKOI

11.311,2 1.330,7

14786 KGTOKO! _ - 1.330,7

ZuvoAikn Oikiak ApaoTnpioTnTa 16.560,2 3.178)9




Table I. Geometrical, climatical and hydrological characteristics for the lagoons of N.E. and

N.W. Greece

Lagoon Northing  Easting A h W Ah P E
[kmlj (m) [km?'jl (m) (mm) {mm)

MNE. Greece
Vassova 40°57'N 4°3'E 2.7 1.0 0.003 (.20 480 GG
Eratino 40°55'N 24°35'E 3.5 1.0 0004 020 490 GG
NW. Greece
Loutsa - 39°33'N 20°09'E 2.0 1.0 0002 020 1100 230
Papadia
Kalaga 39°32'N 20°I11'E 0.7 0.8  0.001 0.20 1100 250
Vatatsa 39°32'N 20°09'E 0.8 1.2 0.001 0.20 1100 250
Richo 39°31'N 20°13'E 1.0 0.6 0.00] 0.20 1100 250
Alvkes 39°34'N 20°09'E 3.0 0.8  0.002 020 1100 250
Vontas 39°30°'N 20°16'E 2.5 1.3 0004 020 1100 230

where A = lagoon surface area; h = mean lagoon water depth; V = lagoon water volume; Ah
= mean lagoon tidal range; P = annual precipitation; E = annual evaporation.



KAVALA GULF
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1 1 |

ERATINO
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Figure 1. Sampling stations at the lagoons of Nestos River (N.E. Greece).
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Figure 2. Sampling stations at the lagoons of Kalamas River (N.W. Greece).



Table II. Mean annual values of sampled water parameters at the lagoon systems of N.E. and N.W.
Greece

Sampling Temperature Salinity Diss. pH  N-NO3 N-NO» N-NOy P-PO4
Location (" C) (psuL) Oxvygen (M) (e M) (M) (M)
(mgL™")

ME. Greece

Vassova 1 6.63 32.26 3.73 BO6 029 (.01 (.02 (.24
Eratino 17.04 3042 7.32 830 0.30 (.01 (.02 (.20
Fresh-water 16.38 5.44 5.95 771 1.96 (.10 (.04 (.27
discharge

Sea-water 1 7.68 34.20 8.94 8.14 0.21 (.03 0.017 (.20

NW. Greece

Alvkes 15,80 39.74 B.48 8.26 002 (0.007 (0.008 (0.006
Vontas 19.58 31.90 B.08 B.13 0.02 (.002 (0.005 (0.002
Loutsa- 20.03 32.80 0.78 B.O6 0.03 (0.007 (0.030 (0.007
Papadia

Kalaga 20.68 39.80 T.80 831 0.07 (0.013 0.026 0.007
Vatatsa 19,78 32.42 7.64 816 0.04 (0.002 0.001 (0.009
Richo 20.08 30.46 7.73 826 0.07 (0.015 0.018 (0.007
River 1 6.48 24.74 7.74 TO08 1.66 (.26 (.64 0.009
Kalamas

Sea-water 19.37 37.57 9.35 g1 0.009 (0.003 0.001 (0.002
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AV
~ —Q, +Q. +Qs +Q, +Q,  Tgy, =0.69/k o [Qe+ Qe+ Qs +Qo +[Qr]
\/
Table 3. Water fluxes estimates for the eight lagoons of Northern Greece.
Lagoon Qp Qe Qr Qo Q Ts0%
(m’s) (m¥s) (m’s) (ms) (m’s) (days)
Vassova 0.042 -0.085 0940 -0.897 12.076 1.98
Eratino 0.054 -0.110 2.110 -2.055 15.655 2.04
Loutsa - Papadia 0.070 -0.016 8.220 -8.274 8.945 1.78
Kalaga 0.024 -0.006 0370 -0.389 3.131 2.55
Vatatsa 0.028 -0.006 2.090 -2.112 3578 2.23
Richo 0.035 -0.008 2.170 -2.197 4.472 1.78
Alykes 0.105 -0.024 0.170 -0.251 13.418 1.19
Vontas 0.087 -0.020 3350 -3.417 11.182 2.85

where Qp=precipitation rate; Qg=evaporation rate; Qr=fresh water runoff discharge;
Qo=tidal net water discharge; Qr=tidal flushing rate; Tsoy,=calculated flushing half-life.
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Figure 12, Lagoon representation by a single box, where V 1s the low tide volume and Vp 15
the udal prism. The outflow and inflow volumes are shown for the ebb and flood tides.
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the steady-state flushing rate. Kjertve er al. (1996) considered that lagoon flushing
half-hife 1s estimated by the ratio:

Ts00 =0.69 / k (3)

where K 1§ a rate constant calculated as the average fraction of lagoon water volume
replaced each second by the sum of the water fluxes. Hence,

_ [Qr + Qp+ Q¢+ Qo+ | Or|]
L_.i"

k (4)
The term Q¢ {m3 s™h represents the tidal flushing rate (the oscillating water ex-
change on a tidal time scale); hence the absolute value sign was used. Since 1n
both lagoon systems predominant tidal constituent 1s the sem-diurnal tide, Q.
was expressed as the prism entering the lagoon system per tidal cycle, although in
reality this transport occurs only during half a tidal cycle. Qp was calculated by:

AL Ah

Or = +— (3)

where Ah 1s the mean tidal range (m), Aj 18 the lagoon surface area (km?) and T is
the period of the semi-diurnal tide (T = 12.42 hr = 44714 ).
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AtroteAéopara A/© BaoooBacg (3/10/02 — tTalippola
LuEYAAoOU eUpPOUCG)
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AtroteAcouara A/© Baooofacg (21/3/02 — traAippola
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Ti gival éva MaOnuaTtiké Oupoiwpupa ?

OpileTal wg n d1adIKACIa AVATTAPACTACNS QUOIKWYV, XNHIKWV
n/kai BioAoyIKwv dIEPYACIWY HE TH HOPEPN HOONUATIKWYV
ECICWOEWYV, KATAOCTPWHEVWY ME TPOTTO WOTE AUTEG VA
TTEPIYPAPOUV TIG OIEPYATIEG TOU USATIKOU CUCTAHMATOS ETTAPKWG
Kol ME aKpifEla.

41



Mola gival Ta XapaKTNPICTIKA
ToUu Ma@npatikou Opoiwparog ?

Avtikeipevo M.O.

X100l avantuine (Paocwki) Eépevva, EQAPROYT, TEPLYPUPT
OLEPYAOLAV, TPOYVMGT] CUUTEPLPOPES CVOTINUTOS, KATT.)
MeTafAnTéc Ko ALEPYAOLIES TOV TPOGOUOLOVOVTUL
Awotaceig M.O.

-0 dwaotaon yopov (box models)

- 1 dudotaon yopov (1D steady state model)

- 1 duaotacn yopov + ypovog (1D dynamic model)

- 2 dwaotacsaig yopov (2D steady state model)

- 2 dwaoTaocsls yopov (X, Yy N X, Z) + xpévog (2D dynamic model)
- 3 dwotdosig yopov (3D steady state model)

Mé£00dog Emtidvong (avaivtiki, aptOpntikng)
Ieprypagwo N Ilpoyvoetiko M.O.
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XapakTnpioTIKA MadnuaTtikou OpoiwuaTog

ApIOUOG £CAPTNHEVWV — AVESAPTNTWY METARBANTWY = aApPIOUOG
O1epyaciwyV Kol AAANAOETTIOPACEWY = APIONOG TTAPAUETPWY &
OPIOKWY CUVONKWYV = UTTOAOYIOTIKOG XPOVOG

* XnUIKEG Kal BioAoyikég Aligpyaoieg = 0 diaoctaong M.O.
* YOpoduvapuikég Aigpyacieg = 1 — 3 diactacewv M.O.

» Aigpyacieg Metagopdg — Aiaxuong Pottwv = 1 -3
dlactadocswv M.O.
MetaBAnTég M.O.

* TaxUuTnTa Kivnong vepou

» Oeppokpaoia, AAarétnTa, NMukvoTnTa
* BakTipla

« BOD-DO

* OPETTTIKA AAaTa

* EuTpo@iopuog

* Toéikoi PUTrOI
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Steady-state

Xpovog

Steady

-input

Quasi-dynamic

Dynamic
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Xwpog

One-dimensional (x or z)

Two-dimensional (X-y or x-z)

Three-dimensid

nal
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EtriAuon

AplBM

AvaAuTIKR

YTTOAOYIOTIKEG

/ Alepyaaoieg
MNMpoypappariopédg H/Y (PC, mainframe)

Xpnon éroipwyv M.O.
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Baowkés Apyés Tov Madnuotikov Opotopatoy

— Apyéc Awotnpnong ZovinpnTikoyv lowotnrtov
 Mala (voativn pnala, nalo GueTUTIKOV)

* Oppng
* Oepuotnrog

a7



MOMENTUM

Momentum = Mass * Velocity

MASS

INFLOW OUTFLOW

Water Mass = €V Constituent Mass = VC

e = Density, V = Volume, C = Concentratiocn

%ﬁg HEAT
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E¢icowon looluyiou Madag
2uocowpevon Malag = lNnyég Malag — Atrofnikeuon Madag

* Av lNnyég > AtmoBnkevuong = Zuoowpeuon > 0 = auvgnon
MAalag oTn TTEPIOXN) HEAETNG

* Av lnyég < AroBnkeuong = Zuoowpeuon < 0 = peiwon
HAlag oTn TTEPIOXN MEAETNG

* Av lNnyég = AtmoOnkeuong = Zuoocwpeuon =0 =
diatApnon padag otn TTEPIOXN MEAETNG

WATER BALANCE FOR A SIMPLE POND WATER BALANCE EOH A SIMPLE POND
(Non-Reactive Material) {Non-Reactive Material)
R T Lo
INFLOW ' A e ow INFLOW oUTFLOW
Qin Cou Qi Qout
Accumulation = INFLOW - QUTFLOW
ev
Water Mass = eV dT =@ -0,)e
ermLe) OR, % = Qi -Q,, forconstant e
v LY
Unsteady Flows
Cin > Qout
i v
Accumulation = Change m'Water Mass F Steady Flows
Time Vo Qin = Qo
I
= A®Y  Where A s Ghange Qin < Qout
At .

- V¢ i Ais"smal’ [ML‘S]
dt 3T



M.O. 0-didotaonc (Box Models)

 H aprOuntiki) enidvon EMTPETEL TEPLOGOTEPES
OVVATOTNTES TEPLYPOPNS TOV OLEPYUGLOV (7T.Y.,
EVTPOPIGNOG, TOEIKOL PVTOL)

o Emrpéner peyoldTePES OUVATOTNTES YOPIKIGS
OLOKPLTOTOIN GG

e O poéc nalog Kot 01 GUVTEAESTES HEIENS
TOPUUETPOTOLOVVTOL UTTO:

- 0E00UEVA TTEOLOV KUl EUTTEIPIKES GYEGELS
- tapayovror oo ailo M.O. (7.%., VOPOOVVUULKA)
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To MoOnpotiko Opoitopa LOICZ
ywo. T Hpoocopoiowon tov Poov N, P, C
ot lHopdktio Zovn

To povtédo LOICZ ocvopupdier otov Yroroyiouod tov Poov C, N, P
ot lloykoopa Mapaxtio Zaovn.
To povtédo LOICZ mpocoportmvel TiC avopyaveg o1Epyacies mov
oyetilovron pe Tic e16poéc N, P, C ko Tig 6VvOEEL puE TN TO.PovGia,
KOl TNV avaTTuE UTOTPOPOV 1| ETEPOTPOPMV OPYUVIGUAOV
To povtédo LOICZ meprypdoer Tig mepifpailovtikéc cuvONKeg TOV
EMKPOTOVV GE Ui0 TEPLOYN] S GLVAPTION:

— Tov yepoaimv etopoav evooeov C, N, P

— Tov okedviov avtarllayov Tov evacemv C, N, P

— Tov avlpomvev dpacTNPLoTNTOV OTIC YEPOUIES AEKAVES ATOPPONS
OV EMKOLVOVOVUV ne 11 0drhacoa

— H mpooopoimon ToV TOTIKOV o1EPYAoLOV cvufdirel 6T KaTAVO 0N
TOV TUYKOGULOV OLEPYUCLOV.
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‘5.- 5

Hopaktio Zovn
(+200 to —200 m)
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IHoapaktiog Qkeavog (0 to —200 m)
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O TTapAKTIOC WKEAVOGS TTOU £XEI HovTEAOTTOINOEI a1rd TO LOICZ
KOAUTTTEI TTEPITTOU TO 5% TNG £mIPAVEING TNG NG
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Primary foci for LOLCZ

Global: Direct disturbance (eg. altered hydrology, sea level rise)
Polar: Climate change
Tropical: Coastal Development
Temperate: Eutrophication




Polar issues: Climate change

m, Fastice + Polynyas + Sea ice +
 Sealice Ice bergs Open water

Sensitive to climate Physical processes
change dominate
Dynamic physical o
Glacial tundraand £ Fastice soouring features o -
saow melting <weia and sediment o Gas ventiaion & Seasonal productivity
acceleraed Y ontranedinico " ice berg Scouring '+ Simple food webs
- g~ o, deep water rutrient sources;
w4 Seaond nutrient avaiability =z knllin anarchic
2 and limitation Jow R
& gxyoen in winter =

Y. | Biota:seake algse
O Dl devolopment ——r- undericekelp, &
and toxicant deposition walruses (arctic only) Methane production;

. Bbaccumulation of foxics




Temperate issues: Eutrophication

Catchment/ River Coastal
Watershed

Irftenswe i Historically degraded Euttopon with Productive coastat
h'S" yield | waterways shifting sources . ecosystems
Nutrients from fossil #  Hamful aigal blooms; o Phytoplankton; nuirient rafio sensiiive,

: At busoe ez, l’utrientenham‘ed _ﬂmﬁ; hypoxia/anoxa; iy
¥¢ intensified agriculure, St |

L2y
manurefertilizer runoff }_‘;, in freshwater

, generaly N limited,
§630rass 1056 A deposition leading to hypoxia

Saeiknont So0oaiioa Veriable limiting factors; ¥ St marsh accretion:
; e ' ‘ :
Wetland draining &  wag, post 4y expanding reforestation ‘ persistent upneling

. & nutient flux ‘
o \1/ - & aguacukure
foxicant preduction




Tropical issues: Coastal development

Catchment/ River | Coastal Reef
Watershed Estuary

Ocean

Rapidly degrading Impacted by Oligotrophic~. ™
ecosystems coastal development Pulsed runoff ecosystems o
<@g Monsoonal rains, g Mud degosiion &
, " Pulsed seciment-aden O Mangroves, seanrassss
mo dans reguspensicn ﬁ
B \/ ot depositonse oufing \ Sy and corals responsive to puised

= ;, 3 fecusoension & funclf

ri; Deforestation, A <, Hamiul alga biooms;

% 2 W ight Imitation & (owroth e
a ntenerted fertlizzon, - lped seagraseacd % Lownuient conoenyatons;
wr grazing,

oy i e 3
mactograzers; benhic o~ colimtation of nifrogen & phosphorus
M aquacdture,
2 R bumina , mangrove deforestion

"y Utban development 8 ¥in : i 7on |
b velopmen X riciadoge fisheres s dmaspheric ¥on inputs;

doclines { ssasond upweting




IHoykoopuo Avoyoon Xta0ung @aroccag

Movo éva pIkpO THAHO BPIOKETAI OTNV TTEPIOXN EVOIAPEPOVTOG TOU
LOICZ
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H IMoykoopo Hopdktio Zovn: KoAvnter puo otev,
GVOLOLOYEVT] KOt ‘Bro-ymuika’ evepyn Ampioa

LAND

OCEAN

H Traykéouia rapdkTia {wvn gival puakoug ~ 500,000 XA Kai
pEoou TTAATOUG TTEPiTTOU 50 XA

To HEYOAUTEPO NEPOG TWV XNMIKWV EVWOEWYV TTOU EICEPYXOVTAI
OTOV WKEAVO, DIEPXOVTAI MEOW TNG TTAYKOO IS TTOPAKTIOG
¢wvng

O1 evTovoTepeg PBlo-yYeWXNMIKES digpyacieg Aaudavouv Xwpa
oTn TTEPIOXN aUTH (EKBOAEG TTOTAMWY, NUIKAEIOTOI KOATTOI,
AlpvoOaAaocoeg, UPAAOKPNTTIOEG).
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|GBP:
International Geosphere-Biosphere Program
LOICZ:
Land — Ocean Interaction in the Coastal Zone

2KOTTo¢ ToU IGBP— H TTEpIYpO®@N KOOI KATOVONON TWV
OAAANAOETTIOPACEWY TWV PUOIKWY, XNMIKWYV Kal
BioAoyiKwyv digpyaciwyv TTou Aapfavouv xwpa otn In,
oTO BI0TIKO Kal ABI10TIKO TTEPIBAAAOV, OI HETABOAEG TTOU
ouupBaivouv 6TO CUCTNHO KOl Ol avOpWITIVEG
EMIOPACEIG.

2KOTTOG Tou LOICZ — 2xedOV Opolog pe IGBP — e €101KO
EVOIAQPEPOV YIA TN TTAPAKTIO (V).
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Earth System Glo

Global Drivers/Pressures

Climate change, Population Pressure,
International trade

Science
ts

Continental or
Subcontinental

nal Re%i]unal & National Scale

tegrated Coastal Zone
ge Management incl. the EEZ




Avantoén piog Hoykoopa E@appoociung Teyvikne Yroroyiopov tov
Poav C, N, P ot Ilapaxktio Zovn

* AvvaToTNTO VO EPYUCONUOTE NE OEVTEPOYEVT] OEOOUEVU;
e XounAéS amOITNGELS GE OEOOUEVU;

 Evpémg cpapuooiun nébooog;

* EvkoAio KaTtavonong olgpyuclmv = XUuyKpIioLua
CUUTEPAGNRUTO = GUYKPLOLUES OLUOLKOGLES ANWNS
aTOPUoG;

* IMapoyn TANPOPOPLOV GYETIKA NE TIS OLEPYUOLES KL TIS
poég CNP.

62



LOICZ MeBodoloyia AvanTtuénc Iooluyiwv

e Awmmpnon Maéloc: n mtAgov
Bacumn apyn s OkoAoyiog Kot Z(outputs system

™ Leoympiag. A i

Y (internal sources, sinks)

&

% = Zi;—zpufs - Zau.@:uﬁs + Z[s&umes — zin ﬁ:s]
MATERIAL BUDGET

N

\

_/

O 6poc "dM/dt" : Metafoln pnalog kédbe VAIKOD TOV GLGTHUOTOS GE GYECT] LLE TO YPOVO.
Yvvnbwc dM/dt = 0 = 1 pala tov cvotHuatoc datnpeital otadepr] = GVOTNU GE
Katdotaon wooppomiag (steady state).



Xoupmva pe 1o LOICZ n poviehomoinon piog mopakTiog
Covng £xel Tpio LEPN:

* [16c0 ypryopa Kiveiton To vepd péca kot EE® amd T0 GVGTNUOL ?
(Icolhy10 Nepov — Ioolvyio AAatoc)

* [16G0 ypnyopa Kivovuvtot to ototyeion avBpaxac, dlmto Kot
QOCPOPOS Lall ue To vepod TOL CLGTNUATOC ?

(Icolhy10 un-cVVINPNTIKOV GTOLYEIDV)

e [Totec 01 d1POPEC TOV TPOKVTTTOVY UETAED TNG KIVIIGNE TOL VEPOV

Kol TG Kivnong tov Opentik®v aldTtmv TOL GCLGTUATOC ?



Iooluyio Nepou

_> =<

Vs
= %VE _ (Vp+VQ+VG+VO)

ocean
S

ocean

WATER BUDGET

dM . ;
E = Zmpu.ﬁs - Zau@u.ﬁs + z[saurcés - 5in ﬁ'm]

Vg =-Vo VoV, Vg + |V

* IooC0y1o0 Nepov
— I'vootéc el6poég yYAuko
VEPOV.
— YTOAOYIGUOG VTOAEUTOUEVIC

pong (Vg) yio T Swatfipnon
TOV OYKOV.



Ioofuyio ANGTOC

¢ IoolVylo Ahatoc
V,Se — OvxaBapéc poéc etvan
YVOOTEG.
— O 6pog peigng (V)
TPOKVTTEL OTTO TNV OPYN
oL T pNoNG AAaToC

VX = VRSR/(Socean'S'sLstem)

SALT BUDGET

0= (VS VS + VS + VoS VS VS ) — 2 {|FE |SE 5 S yprene )

0= Z VS a + VySgom) ~ Z (Fxsﬁyﬁm}

— FESR
L (S )




YNoAOYIGHOC XpOvou AVavEWGIPOTNTAC
ZUoTnHaToC

Ti= I(Vx + [VRl)

system



IooCuyia CNP

atmosphere

'fE = rf-:ucaan + l"||lll';|1:erml.l"ll2

ecean

YDG&HI‘I

N

ocedn

Y BUDGET

dVY)/dt = VoY o+ VYot VYo + VoY o+ VeYe+ VYo + Vy (Yo — Your) + AY

cean



Iooluyia DwoEOPoU

atmosphere

Va¥a Vo Ye,
VoYo

Y BUDGET

dVY)dt = VoY o+ VoYt VYo + VYot VeYe+ VYo + Vi (Yoem — Your) + AY

cean

* ADIP > 0 = DIP kwveitoan ané 1o ilnpo pog To 60oTNRE = TO GVOTNNO KOTUVIADVEL
0PYOVIKO VAIKO pécm TG avamvong = (p-r) <0

* ADIP < 0 = DIP kwveitan ané 1o cvotnpa wpog 1o ilnpa = to cvotnua mopdyel
0PYOVIKO VAIKO pécm TS pmToovvleons = (p-r) >0

[p-r] = -ADIP x (C:P)
(C:P)pyrt = 106:1 (mhoaykTov) (C:P)pyrt = 550:1 (naxpo@ikn)

part



Iooluyia AlwTou

atmosphere

Va¥a Vo Ye,
VoYo

Y BUDGET

dVY)dt = VoY o+ VoYt VYo + VYot VeYe+ VYo + Vi (Yoem — Your) + AY

[nfix — denitr] = AN — AN, = AN, — ADIP x (N:P) ..,
» (nfix — denitr) > 0 = nitrification prevails = Converts N, to organic nitrogen

* (nfix — denitr) < 0 = denitrification prevails = Converts nitrate to Nitrogen gas
(never measured)



IIeproyéc ne Epapuoyn Ieolvyimv LOICZ

>100 sites so far; > 200 sites desired.



MepIypa@IKEG ZUOXETIOEIG

Log (DIP mol km2yrl) =272+ 0.36 X log (persons km=2) + 0.78 X log (runoff in m3 yr?)

DIP load, number of persons, and runoff scaled to catchment basin area

N=168; r> = 0.58 (Smith et al, in prep.)

ATO0 O0 TPOEPYETAL AVTO TO PoPTiO ?
— OOTIKEG OPUCTNPLOTITES

— BropnovikES OpaoTNPLOTNTES

— YEQPYIKES OPUOTNPLOTNTES



ESTIMATION OF WASTE LOAD
(This spreadsheet calculates DIN and DIP load in waste generated by various activities. Knowledge of the activities relevant to
your coastal water body is necessary and the only input needed in the spreadsheet would be the activity level of the waste
generating activity in column F. Sum of the DIN and DIP load are given at the bottom of the table (column L and M). There are
two other spreadsheets at the bottom to calculate DIN and DIP concentration from BOD and COD concentration.)

Activity Discharge coef Reference|Activity level Total N [Total P [%entering |DIN DIP
(unit) (unit) (kglyr) (kglyr) the bay (mollyr) (mollyr)
Household
a. solid waste 0.71 kgN/prn/yr|a 70000 person 49700 4900 20 269800| 15806.45161
0.07 kgP/prn/yr|b
b. domestic sewage 1.53 kgN/prn/yr|c 70000 person 107100 12600 100 2907000| 203225.8065
0.18 kgP/prn/yr|c
c. detergent 0.18 kgP/prn/yr|c 70000 person 12600 100 0| 203225.8065
Urban runoff 1.9 mgN/liter |d avg rain(m/yr) 0 0 25 0 0
(unsewered areas) 0.4 mgP/liter |d x urban area(m2)
Livestock
a. cattle 2.74 kgN/cowly|e 4755 cow 13028.7 1902 30| 106090.8429| 9203.225806
0.4 kgP/cowly|e
b. horses 3.1 kgN/hor/yr|e 27 horse 83.7 13.5 30| 681.5571429| 65.32258065
0.5 kgP/hor/yr|e
c. sheep 0.25 kgN/shplyle 52711 sheep 13177.75| 1212.353 30| 107304.5357| 5866.224194
0.023 kgP/shplyle
a. piggery 0.57 kgN/pig/yr|e 1829 pig 1042.53 329.22 30| 8489.172857 1593
0.18 kgP/pigl/yr|e
b. poultry 0.0024 kgN/bird/y{f 95043 hird 228.1032 9504.3 30 1857.411771| 45988.54839
0.1 kgP/bird/ylf




Aquaculture
a. prawn

b. milkfish
Non-point agricultural

runoff
a. cropland erosion

5.2 kgN/ton/yr|g
4.7 kgP/ton/yr|g
2.9 kgN/ton/yr|b
2.6 kgP/ton/yr|b

1.68 kgN/ton
0.04 kgP/ton

ton prawn

ton fish

ton soil eroded/yr







SUM (molelyr 3,401,223.52 484,974.39

SUM (mole/da 9,318.42 1,328.70




Table 5. Nutrient sources, activity levels, modified effluent discharge coefficients and
total amounts of nitrogen (N) and phosphorus (P) loads entering Nestos river lagoons.

Nutrient Sources

Effluent Discharge
Coefficients

Total amounts of
nourishing loads (kg/yr)

Activity Level of N P N P
Activity
Household
Solid Wastes 14,786 0.355 0.035 5,249.0 517.5
inhabitants kg/person/yr | kag/person/yr
Domestic 14,786 0.765 0.090 11,311.2 | 1,330.7
Sewage | inhabitants ka/person/yr | kg/person/yr
Detergent 14786 | = --—---- 0.090 | ------- 1,330.7
inhabitants ka/person/yr
Total Household Impact 16,560.2 | 3,178.9
Livestock
Cattle 4,755 1.37 0.20 6,514.3 951.0
COWS kg/cowl/yr kg/cow/yr
Sheep 52,711 0.10 0.011 6,588.8 606.1
sheep kg/sheep/yr kg/sheep/yr
Pigs 1,829 0.285 0.09 521.2 164.6
pigs ka/pigl/yr ka/pigl/yr
Horses 27 1.55 0.25 41.8 6.7
horses kag/horsel/yr kg/horse/yr
Poultry 95,043 0.0012 0.05 114.0 | 4,752.1
birds kg/bird/yr kg/bird/yr
Total Livestock Impact 13,738.3 | 6,480.5
Non-point
Agricultural
Runoff
Cultivated 10,106 ha 2.00 0.10 20,212.0 | 1,010.6
Areas kg/halyr kg/halyr
Non-cultivated 84.3 ha 12 0.2 1,011.6 16.8
Areas kg/halyr kg/halyr
Total Agricultural Impact 21,223.6 | 1,027.4
Total Nutrient Loads 51,522.1 | 10,686.8
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A Budget Model of Water, Salt and non-Conservative Nutrients in
Strymonikos and lerissos Gulfs.

(. SYLAIOS

National Agriculnural Research Foundation,
Fisheries Research Institute,
G40 07 Nea Peramos, Kavala, GREECE.

Abstract: Simple box models and steady-state budgeting methods were proposed to be used as an alternative to direct
measurements of process rates, In an effort to assess the net rates of non-conservative nutrient processes in shallow
coastal seas. In this contribution the application of the budgeting approach (according to LOICZ guidelines) was
considered for Strymonikos and lerissos Gulfs, two semi-enclosed coastal water bodies located at the northeast part of
Chalkidiki Peninsula. Strvmonikos Gulf is directly affected bv the fresh water discharge of rivers Stryvmon and
Richios, while lerissos Gulf onlv by local torrents. The residence time of Strymonikos and lerissos Gulfs was found
107 and 185 days, respectively. The phosphorus budget showed that Strvmonikos Gulf 1s a net consumer of organic
matter (2.68 mmol C m™ cl"jl through net organic production, while lerissos Gulf is a net producer of organic matter
(5.11 mmol C m™ d') through respiration. Strymonikos Gulf is producing more nitrogen through nitrification (0.64
mmol N m™ d"j._ while lerissos Gulf 1s denirifving (0.65 mmaol N m™ cl"j.

Key words: biogeochemical budget, water budget, residence time, nutrient cveling, Strvmonikos Gulf, lerissos Gulf.



Nepioyry MeAeTnc

40° 48' 00"
24° 01' 00"

RIVER TFRNO

RICHIOS

2§°E

41°N

40°N

40° 21' 00"
23° 38' 00"



Aedopeva Eicodou yia Ta Iooluyia

Strymonikos Gulf lerissos Gulf
System Area (m?) 4.52 x 108 1.20 x 108
System Volume (m3) 1.70 x 1010 8.4 x 10°
River Discharge (m? sec?) 47.0 0.48
Precipitation (mm d) 1.33 1.33
Evaporation (mm d-1) 2.71 2.71
System Salinity (psu) 35.6 36.3
Ocean Salinity (psu) 37.4 37.4
System DIP (mmol/m?3) 0.27 0.45
Ocean DIP (mmol/m3) 0.32 0.32
River DIP (mmol/m3) 1.16 0.60
System DIN (mmol/m3) 2.65 1.61
Ocean DIN (mmol/m3) 1.30 1.30

River DIN (mmol/m?3) 26.84 2.00



Etiioio IgolUyio Nepou & AAGTOC
ZTpupovikoU KoAnou kai KoAnou Iepiooou

VQ =4,061

/

Socean = 36.40 psu
SR = 36.00 psu

Vx (Socean - Ssystem) =

Vsystem = 1.70 X 1010 m3
Ssystem = 35.60 psu

T =107 days

VP = 602 VE = 1,225
VR = 3,438
VR SR = 123,763 v |
4 Asystem=452x10°

+ 123,763
Vx = 154,704

Water fluxes in 102 m3 d- and salt fluxes in 10 psu m3 d-!




Etrioio IoolUyio Dwopopou ZTPUOVIKOU

KoAnou

DIPR =0.30
VR DIPR =1,014

DIPQ=1.16

<«

DIPocean = 0.32

P
Vx (DIPocean - DIPsystem) =

DIPsystem = 0.27

VQ DIPg =4,711

+ 7,735

ADIP =-11,432

DIP concentrations in mmol m= and DIP fluxes in mol d.




Etrioio Iooluyio A{mTOU ZTPUMOVIKOU
KoAnou

ADINobs = +106,649
(nfix - denitr) = 289.55 mol N/day

DINQ = 26.84
Vq DINg = 108,992

DINR =1.98
VR DINR = 6,790

> ,
DINocean = 1.30 DINsystem = 2.65
> |

Vx (DINocean - DINsystem) =
- 208,851

DIN concentrations in mmol m=3 and DIN fluxes in mol d-




Ioofuyia Nepou kar AAaTtoc KoAnou
Iepiooou

VP =160.00 VE = 325.64

VR = 124.17 VQ=alar
VRSR=451351 ¥ L
a4 Asystem=120x10° n?

Socean = 36.40 psu | Vsystem = 8.40 x 10°

SR = 36.35 psu Ssystem = 36.30 psu
T = 185 days

Vx (Socean - Ssystem) =
+4,513.51
Vx = 45,135.07

Water fluxes in 102 m3 d- and salt fluxes in 10 psu m3 d-!




Etrioio Iooluyio ®wopopou KoAnou

L]
Iepiooou
VR Dl:l)Fl’ll:;R—:4(;gg DIPQ = 0.60
o Vo DIPQ = 24.88
Pl PULL
DIPocean = 0.32 DIPsystem = 0.45

<
Vx (DIPocean - DIPsystem) =
- 5,866.52

ADIP = +5,793.84

DIP concentrations in mmol m= and DIP fluxes in mol d1.




Etrioio Iooluyio AlwTou KoAnou

Iepiooou

DINR = 1.46
VR DINR =180.63

ADINobs = +13,725.81
(nfix - denitr) = -78.97

DINQ =2.00

<«

DINocean = 1.30
«

Vx (DINocean - DINsystem) =

DINsystem = 1.61

HVQ DINQ =82.94

- 13,989.38

DIN concentrations in mmol m=3 and DIN fluxes in mol d-




Summary for annual phosphorus and nitrogen
stoichiometric calculations for net ecosystem

metabolism
Strymonikos Gulf lerissos Gulf
Residence Time (d) 107 185
ADIP (mol d?) -11,432 +5.795
ADIP (mmol m-2 d-1) -0.025 +0.05
ADIN (mol d?) +106,649 +13,728
ADIN (mmol m-2 d-1) +0.24 +0.11
[p —r] (mmol C m-2d1) +2.68 -5.11

[nfix — denitr] (mmol N m-2 d-1) +0.64 -0.65



4. CONCLUSIONS

The residence time of Strymonikos and lerissos Gulfs was found 107 and 185 days, respectively.
The phosphorus budget showed that Strymonikos Gulf is a net consumer of organic matter (2.68
mmol C m~ d") through net organic production, while lerissos Gulf is a net producer of organic
matter (5.11 mmol C m™ d”) through respiration. Strymonikos Gulf is producing more nitrogen
through nitrification (0.64 mmol N m™ d'), while lerissos Gulf is denitrifying (0.65 mmol N m™ d"

I}.



E@apuoyn LOICZ o€ oTPWHATOTTOINMEVA TTAPAKTIO CUCTHHOTO

[0 TTAPAKTIO CUCTAMATA JE EVTOVN KOTAKOPUPN OTPWMUATOTTOINGN, N
OTToia CUVNBWCG OPEIAETAI OTN TTPOCPOPA YAUKOU VEPOU ATTO
TTOTAMOUC, £XOUME TTapouola ueBodoAoyia PeE auTr) TToU
epapuoloupe 0To ATTAG opoiwua. QoT600 UTTApXouV 4
TTAPADOXEC:

1. O 6pog Vi TTouU eK@pAlel TOV OYKO TTOTAUIOU VEPOU, EICEPXETAI
MOVO OTO AVWTEPO ETTIPAVEIOKO OTPWHA, TTPOKAAWVTAC
ETTIQAVEIAKI POI AGAATOC ATTO TO CUCTNUA TTPOC TNV AVOIKTN
BaAaocoaq,

2. O 0p0G Vpee, EKPPACEI TNV €I0000 UYNANG OAATOTNTOG WKEAVIOU
VEPOU TTOU EICEPYXETAI OTO OTPWHA TTUBHEVA KAl KATOTTIV KIVEITAI
avoOIKA OTO ETTIPAVEIOKO OTPWUA,

. Agv utrapxel 6pog diaxuong V.

H 1coppoTtria dAatog diatnpeital JEOW TNG KATAKOPUPNG PONG

didxuong V, HETAEU TOU ETTIPAVEIOKOU Kal TOU TTUBuIaiou

OTPWMATOC.
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Table 2. Summary of water quality parameters (mean, minimum, maximum and standard
deviation) in Kavala Gulf, during the period 1997-1999.

Parameter Number of Data | Mean | Minimum | Maximum | Standard deviation
Temperature (°C) 720 17.36 10.22 26.29 5.06
Salinity (psu) 720 33.67 27.32 35.59 1.20
D.O. (mg I') 720 8.02 7.08 12.15 2.12
N-NO, (mmol m-3) 720 2.95 n.d 32.48 4.00
N-NO, (mmol m-3) 720 0.20 n.d 4.02 0.34
N-NH, (mmol m-3) 720 1.53 n.d 31.01 3.84
P-PO, (mmol m-3) 720 0.80 n.d 17.95 1.76
Si-SiO, (mmol m- 720 5.50 nd 56.09 5.92
)
SPM (gr m-3) 720 7.48 0.21 15.10 2.72

n.d — non detectable nutrient level
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A
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VR SR = 4,273.5 v =

> Asystem = 2.64 x 10° m?
Socean = 33.80 psu | Vsystem = 8.45 X 10° m3
SR = 33.74 psu Ssystem = 33.67 psu

> T = 256 days
Vx (Socean - Ssystem) =
+4.273.5

Vx =32,873.3
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<
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«
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(@)
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ADINobs = +25,839.7
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4
DINocean = 2.91

<
Vx (DINocean - DINsystem) =

DINsystem = 4.68

- 58,185.7

(b)

DINQ = 65.6
Vo DINQ = 33,869.6
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Table 4. Summary of annual phosphorus and nitrogen stoichiometric

calculations for the estimation of net ecosystem metabolism in Kavala Gulf
under current nutrient loadings and under different nutrient reduction scenarios.

Current 50% 50% 50% 50%
Nutrient Reduction in Reduction in Reduction in Reduction in
Loadings Agricultural Livestock Household Industrial
Loadings Loadings Loadings Loadings
ADIP (mol d-1) -817 -776.1 -647.2 +337.9 +3,355.4
ADIP (mmol m2 d-1) -0.003 -0.003 -0.002 +0.001 +0.013
ADIN (mol d-1) +24,839.7 +26,794.6 +25,644.4 +36,285.5 +27,542.5
ADIN (mmol m2 d-1) +0.09 +0.10 +0.10 +0.14 +0.10
[p - r] (mmol C m2d-?) +0.33 +0.31 +0.26 -0.14 -1.35
[nfix — denitr] (mmol N m-2 +0.14 +0.15 +0.14 +0.12 -0.10

d?)
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Abstract The nutrient dynamics of the Strymonikos and
lerissos Gulfs, two semienclosed coastal water bodies, are
studied using a simple steady-state budget model, according
ip the Land=(Ocean Interaction in the Coastal Zone
modeling guidelines. Strymon river plume dynamics pre-
vailed in the area of the Inner and Outer Srymonikos Gulfs,
comprising two layers, while the lerissos Gulf was defined
as a one-box system. Seasonal and mean annual model
mnput data for river discharge, precipitation, evaporation,

Model scenarios demonstrated that phosphate concentration
increases, even under low river flow conditions and stimulates
primary production in excess of respiration, resuling in
nitrogen fixation prevalence in the Inner Strymonikos Gulf.

Kevwords Box model - LOICZ - Model scenarios -
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Table 1 Background data for
estimating the seasonal and
annual budget models

June 1997  September 1997  November 1997  February 1998  Annual

Precipitation (mm) 20 30 45 70 500

Evaporation {mm) 130 75 55 40 Q00

River discharge (m® s7') 12.5 3 43 82 38
DIN Dissolved inorganic nitro- River DIN (mmol 111_3} 1.44 28.53 8.15 19.22 14.35
gen, DIP dissolved inorganic River DIP (mmol m™) 0.24 2.44 1.10 (.85 1.16

phosphorus






Table 2 Input data for the seasonal and the annueal budget models of
the Strymombkos and lenssos Gults

Sa limity D™ DIP
{psu) {mmol m™) {mmal m™¥)
June 1997
nner Strymonikos Gulf
Upper layer 15,42 0.52 lé
Lonaer layer 1744 057 013
Chter Strymonikos Gulf
Upper layer 15.67 051 o4
Lower layer 17.45 .30 .10
lerissos Ciulf 3708 .60 013
September 1997
Inmer Strymomibkos Gulf
Upper layer 33,53 31.20 gl
Lower layer 3690 1.K1 0.20
Chuter Stymaonikos Gulf
Upper layer 13 .64 1.70 025
Lower layer 3705 1.39 L
lenssos Gulf 34 34 .91 .36
Movember 1997
nner Strymonikos Gulf
Upper layer 34 16 4.47 0312
Lonaer layer 1542 1.17 O0E
Chter Strymaonikos Gulf
Upper layer 34 .43 262 025
Lonaer layer 1592 .93 ls
lerissos Ciulf 15.12 1.8l 0.zl
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[Mpoadiopiopog Ecaruiong o€ MNapdakTia 2uoTrihaTa

1. MéBodoc PENMAN

H e€atuion evog udATIivou CWHPATOG €ival ouvapTnon TNG OXETIKAG Uypaaiag, TNg
EVTAONG TOU AVEUOU, TNG NAIAKNS aKTIVOBOAIaC Kal TG Bepuokpaaiag.

y  6.43(1+0.536U,
+y

A
E.=——(R +A)+
P A-I-]/( n Ah) A

Otou R, eival o puBuog avialAayng EVEPYEIOG OTNV ETTIPAVEIA TOU UOATIKOU
owpdaTtog (mm/d), A, 0 pUBUOGG HETOPOPAG EVEPYEIAG ATTO TNV ATHOOPAIPA OTO
udaTiko cwpa (mMm/d), D gival TO UYPOUETPIKO EAEIUPA (eg-€)

D = (es(Tmax) _2|_ es(Tmin)j(l_ RH j

100

Otrou T,y Trin N MEYIOTN Kal N EAGXIOTN BEpUOKPATia KATA TO dIACTNUA PEAETNG
(°C), RH n pyéon oxeTikr uypaaia kata 1n TePIodo PEAETNG (% ).



H mmapdueTpog A gival ouvaptnon tnG BEpUoKpaaiag

A =2.501-0.002361 Tq

E cival n mTieon udpatuwy TnG utrepkeipevng nadag agpa (kPa) n otroia
UTTOAOYICETAI ATTO TN OXETIKN UYPACia KAl TN KOPEOUEVN TTIEON UDPATUWY, WG
e = eg RH/100

Ortr0U T0 €g gival cuvapTnon TG Beppokpaaiag agpa

e.(T)=0.6108 exp(zgéTT j

Kai 1o A gival ouvaptnan Twv eg kai T

soose. 2503.06exp(--- =)
A(T) = s _ 237.3+T
(237.3+T)° (237.3+T)’
Kai y gival n wuyxpouetpikr) otaBepd (kPa °CH)
¥ =0.0016286 = P

A (1537.675—1.45T)



2. MéBodoc¢ Hargraves

YT1roAoyilel T duvapikn e€atuicodiattvor] (mm/d) o€ emitredo priva

E =0.0023S, (T +17.8) /5,

OTrou Ta n Beppokpacia aépa (°C), dr n dilapopd Bepuokpaciag YETALU TNG
MEYIOTNG MNVIAiag KAl TNG EAAXIOTNG PNvIAiag Kal S, €ival n 100dUvaun o€ vepo
NAlakr akTivooAia (mm/d) yia Tn TTEpIOX MEAETNG

S, =15.392d, (@, Sin@sin o +Ccos¢@cososin a )

Ortrou @ €ival To yewypa@ikd TTAATOG, wg N Ywvia KAiong Tou HAiou katd 1n duon
TOoU (rads), o €ival n yéon kKAion Tou HAiou katda Tnv nuépa J (rads), kai d, givai n
OXETIKN atrooTtaon 'ng - HAiou

o = 0.4093sin (% J —1.405) @, = arccos(—tangtan o)

d =1+ 0.0033cos(2—”Jj
365



3. MéBodoc Hamon

YT1roAoyiCel Tn duvapikni e€atpicodiatrvor) (mm/d) o€ €TToxIako 1} €ETACIO ETTITTEOO

~ 2.1H?%
(T, +273.2)

OTtrou E n ggatpion tnv nuépa t (mm/d), H, 0 apiBudg wpwv NUEPAG TNV NUEPA t,
eg N Taon udpaTUWV ag KOPETPO oTn Bepuokpaaia T (kPa), T, n Beppokpacia
agpa TNV nuépa t (°C).
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