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ΑBsTRΑcT

Α GI! deveΙopment for the srudy of coar:uΙ.Td ope-n-sea upwellings is presented in this paΡer. RemoteΙysensed sea surface tempΘrafure (ssη, ιvind data 
_(\η''D, 

reλotely-sensei and measured), and bathymetriccontoιΙrs are used to identify upweΙlings, measιrΙe mean SST inside and outside the upweΙti;;;;;"r'caΙcuΙate upwelΙing area, duration, gravity 
9?nt"I:*9 track gravity center movement of subsequent events.This GΙS deveΙopment is catΙed UpweΙling ldentification andfu"asurement System (ιΙP}γELL) and featuresa complete user-interface' ιJPWELL is appΙied in two different upweΙΙing sea arαιs of Greece, one ιvithcoastaΙ upweΙΙings (l'{oπh Aegean Sea) and_119t!9r yitιr open-sea upweΙΙinf,s (West cΙ:^ Sea). UpweΙingindices for these ΞΙreas aΙe presented from 1993-95 (Noπh A"g"- Seai anδ D%-g7 (lVest Cretan Sea) in aweekΙy resoΙution' The GΙS-based UPWELL 

'yrt.. ,,o.ιΞ in ιhree stages: The upweuing patches areidentified from an SST image, they are verified by wind αata acco.αΨq 
Ψ uf,weΙling theory, and finatΙy, theyaΙe me:ιsιΙred and tracked into upwelΙing index rφoπs. The use of Grs in this stidy proved ideaΙ becauseGΙS integrated multi-year SST and WD data in a set of interfaced routines.

Κeywords

UpweΙΙing, GΙS Database, Remote Sensing, Grid.a^naΙysis, Ψ,'ind Daξ Sea Surface Temperature

l ΙιτrooυcTIoN
Upweliing areas :iΙe important because they suppΙy 50Ψo of the availabΙe seafood. The reason is that sub-surface nutrient reach water is added to the 

',r-.fa"e 
waters and.stimuΙat", α_"u"iopment of phμopΙanktonbΙooms which in turn provide the food suppΙy for the zoopΙanΙ<tonic, nektonic and benthic components of theecoSysιem.

UpweΙΙing is caused by a divergence of the surface flow fieΙd that can be initiated by the interaction of theflow with the wind, bottom topography or internaΙ waves. wt", wind bΙows over v/ater, the surface waterdoes not move directΙy in fτont of the wind but about 90" towards the right of the wind,s direction (NorthΗemisphere) in a process caΙΙed Ekman transport as a resuΙt of the Coriolis effect. Where winds cause thesurface water to move towards a coastΙine,] the surface ιryaωr wiΙl tΓy to move downιryard to create adovlnweΙΙing current. Where winds cause the surface water to move away from a coastline, deeper waterιγiΙΙ move up to the sea surface, creating an upwelΙing current (e.g. Tomczak 
""d 

c.dfr;;;';;;:' #}"
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open ocean, due to the absence of the shoreΙine, r.n9re complicated wind patterns are needed to produce
upweΙΙing. TypicaΙΙy, cyclonic wind stress aΙong with suitabti bottom tqpoλph/ciιn cause diverφnce οfthe surface \rr'ater and upΙift of the thermocΙine (Ekman pumping). 'L q r--J

Ιn this p1pΨ two upwelΙing :ιreas in ιhe Greek Seas are studied (Fie. 1). The first area is a coastal upweΙling
area in the North Αegean Sea and the second area is the open-sea ξcΙonic upwelΙing region of West CretanSea CycΙone (e'g. PouΙos et al, Ι997).

Fig' 1' The two Greek sθa-areas that are under-study forupweΙΙing events. The smalΙer area (top - NorthΑegean Sea) is characterised by coastal upweΙΙings whiΙe the Ιarger area βottom _ West Cretan Sea) is
characterised by dynamic upΙifts of coΙd bottom water.

2 Daτn aπο MετιroDoLoGY 
i' ,

Measured wind data (λ'fwD) for the }'Ιoπh. Αegean Sea was acquired from the Greek NationaΙMeteoroΙogicaΙ Service ιryhiΙe remoteΙy-sensed wind Jata (Rs\η/D) ;*_;;;;;Τy τopεx-Poseidon (T-P)sateΙlite' Mu/D aΙe on-coειst Station measιΙrements of ιryind direction 1dejee' f;; Νorth, N=O) and force(knots) and are inserted to a workstation ΑRClΙΝFo cΙS (Α/Γ) as point iniormation using ΑML (Αrc MacroLanμage)' The ΑΛ wind point coverage is overΙaid to the seλ surface temperature (SSη data, RSWD areT-P wind stress images from ΝAsΑ Jet Propulsion Laboratory, USΑ (JPLi and are inserted to Α./Ι as grids(JPL, 1999)' ssT were acquired by the Deutsches Zentrum fur Luft- und λaumfahrt, Germany (DLR) andare inserted to Α,/Ι as grids (DLR, Ι999)' Αil data cover the Greek Sλ, the l993-g7 period, and they are inweekly resoΙution βaΙavanis et aΙ., 1998).

The SST and WD GΙS database, a deveΙoped user-interface, and the routines for data integration consist theUpweΙling Ιdentification and Measuremeni System (UPWELL). UPψELL *o.κ, in three stages :

a) SST gπds with cold patches of surface \ryater are visualΙy identified
b) WD for these grids are integτated with coΙd patches of SST and selected coΙd SST patches arecharacterised as upweΙΙings according to the upweΙling theory.

c) Ιntegration rneΞιsurements and gravity cenier tracΙαng are caΙcuΙated.

ε
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SpecificaΙly, the seΙected sST grids that contain coΙd patches of water are treated in the folΙoιving way: Eachsnβ is autonιaticaΙly cΙassified b1' vectοr pοly'gons bised on a 2"C cΙassification tabΙe. The user selects thepoΙygons that describe the cold patches or witΞr and the surrounding area and saves the seΙected grid va1uesin a new gτid' Then, the mean SST and the coΙd patch gravity center (Ιowest ceΙl vaΙue) are caΙcuΙated. Thepatch area is caΙcuΙated-from the vector polygons. Then] a uaiidution by WD is performed. wD are overΙaidon the seΙected set of SST grids and the gτavity center Ιocation is compared to wind direction. From thiscomparison, a sub-set of coΙd SST patches are characterised as upweΙΙings because their location in relationto ιhe coastΙine and wind direction meets the upweΙΙing theory.

The above procedures are performed by a user via uPWELL's user-interface. The interface is based onARc' GR[D, and TΑBLES Α/Ι moduΙes and consists of a main menu that calΙs a hierarchy of additionaΙmenus and ΑMLs' The user saves alΙ upwelΙing meειsurements in TΑBLES-ΙNF9 files as ,;;il;;;*reports.

3 Rεsuιτs ΑND DΙscussΙoN
UPWELL user-interface is presented in Figure 2. The interface features several anaΙμicaΙ tooΙs: Usersspecify a ye:ιr to study, they run a weekΙy SST animation for that year, and they seΙect the grids of interest.Theη fi-:εher anaΙysis is perfοrrned ιγith measuring the upweΙtn! area and l*"ti"r. Mean temperaturesinside and outside the upweΙΙing spot are caΙcuΙatω. vrωαλata inδgratio, i'p"δλed by overlaying windmeειsurements on each upwelling Ιocation, thus, checking for coλpatibility b"t*""n Ιocation and winddirection βased on upweΙling theory).

Fig'2' The anaΙysis menu of UPWELL. Αn uηweΙΙing event in West Cretan Sea is shown (image coΙors. shoιv various SST with 2"C difference).

l
*/

\:J
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UpweΙling gravity centers are presented in Figures 3 and 4. Ιn the case of Noπh Αegean Sea (coastalupweΙΙing) the majority of winds are οf NW and NE direction ιvith forces from 5-20 knots] τhe bathymeoi d'" arJ racititaies the verticaΙ mixing of water mΙrsses ω"r*: i, creates 
" 

pr","r, going smoothΙy fr";χ ε50m depth' Ιn the case of West Cretan Sea (open sea upweΙΙings) the gλeraΙ pattern is a vertical andupwaτd movement of coΙd bottom water to the surface, wπch tιren a'in' riuo*ωj ω" prevaiΙing cycΙonicsurface currents' The bathymetry of the area is compatible ιγith Ρresenco oi 
"y"fni" 

gyres and faciΙitπesthe upward movement of waιer masses because it iJ funneΙ-strapeα rangirΙg iri j"p,ι from approximateΙy3000m to surface.
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Fig. 3. CoastaΙ upweΙΙing graνity centers for Noπh Αegean Sea for the period t993-g5.
The wind station is aΙso shoιrm.

coastcιS'gg - Brest les 9,1o et 11 seρtembre 1999



a_

/1, .1

Fig. 4. open-sea upwelΙing gravity cent€rs for ΙVest Cretan Sea for the period 1gg3-97.
Center tracking is aΙso shown.

Coastal upwelΙing measurements are presented in TabΙe 1. For most cases that invoΙve wind forces gΞeaterthan 10knοts, upweΙΙingΙocation and winddirection_are compatibΙe with theory. The remainingc,ιses iιreincluded in the resuΙts and are characterise9 bΙ u possibility of aliasing due to cold freshwater outfloιγ in thearea and the presence of the coΙder BΙack Sea ιvaters. 
-The 

duration of these events are of short-term(average 1 week) and are not characterised by a weΙΙ{efined seasonality.

TΑBLE 1' UpweΙΙing index for the Noπh Αegean Sea for the period 1g93-g5. The date, Ιocaιion (decimaΙdegrees), weeΗy average of wind force (Κnots) for alΙ four-wind directions, upweΙΙing area (squarekiΙometers), and the temperature difference inside from outside the upweΙΙing patch ("C) are noted.
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'MΝΛvΙσY
R'

LON (dd) LΑT (dd) N (knoω) S (knots) E (knoω) rffGnots) ΑREA
(Km')

ΞΞ-

DTEΜP
(oc)

'marl93' 24.919 44.$2 7.59 l.Ιο 2.46 9.57 r.38
'mar293' 24.5t6 ω.880 9.57 ο.ω 1.27 5.Μ 2M 1.13
'maτ293' 25.U7 40.873 9.57 0.ω r.27 5.46 693

58

1.0ο
'ap1393' 24.6A7 40.887 9.02 ι.31 6.38 2-2Α 0.50
'apr493' 24.662 40.5Φ 4.74 2.0r 4.40

ξn
3.82 15 r.00

'may493' 24.501 40.618 lο.08 0.0ο 3.30 l5 1.38
jun193' 25.149 40.832 4.U 2.55 7.03 2.58 3.2s
'jυn293' 24.829 40.622 6.68 r.75 4.96 t.47 15 2-13
jun393' 24.666 40.548 6.03 2.47 1.15 6.31 43 a-75
Jun493' 24.724 40.839 4.96 2.15 ι'49 6.38 5t t.25
Jun493' 24.808 40.78ι 4.96 2'ι5 t.49 6.38 20 t.25
jun593' 24.681 40.565 ο.ω 0.00 0.00 0.ω 6t 1.38
juΙΙ93' 24.661 Φ.572 9.61 o.73 Ζ.υδ

6Ξτ

4.U

δJο

l5

Ξ
2.t3

JuΙ293 24.707 40.567 5.25 0.39
0:50

ju1393' 24.7ω 4ο.565 4.18 4.66 t.46 2.61 76 1.οο
'sep293' 24.665 40.56Ι 6.22 0.6ο 7.77 0.83 z5 1-2s
'ocιl93' 24.663 Φ.567 3.91 1.45 i.59 8.46 t2 r.13
'oct193' 2.5.t09 4a'97ι 3.9' 1.45 1.59

πΞ
8.46 t7 r.50

'oct293' 24.652 Φ.566 3.89 r.45 0.88 30 t.75
'oct293' 24.438 Φ.934 3.89 ι.45 4.ΙE 0.88 7 2.t3
'ocι293' u.680 40.862 3.89 1.45 4.18

2ro'

0.88 23 2.t3
'οcι393' 24.890 4ο.513 5.14 t.08 6.55 48 2.63
'novl93' 24.524 4ο.876 3.61 1. Ι3 U.ιχJ 10.03 250 1.63
'noγ293' 24.51ι 40.132 2.63 2.53 1.οο 7.38 41 1.50
'nov393' 25.1 10 40.973 0.ω 4.64 υ.(χ) 18.39 t04 1.ω
'decl93' 24.826 4ο.583 0.4ο 4.05 ο.ω t8.87 Ι5 5.75
'dq,293' 25.126 40.955 0.35 3.20 4.7ι 6.38 56 1.63

m'dec393' I zqsls 4η.623 0.4 6'Μ 5.57 4.18 53
'dec493' 24.551 4ο.930 3.29 s.23 6.32 3.68 43 1.88
'deι'493' 24.58s 40.6Ι0 3.29 5.23 6.32 3.68 23 1.75
'dec493' 25.105 40.942 3.29 s.23 6.32 3.68 58 r.63
'dec393' 24.587 4ο.90ο 0.ψ 6,4 5.57 4.18 7l 1.13
'dec293' 24.737 40.846 0.35 3.20 4.t I 6.38 71 t.75
'oc993' 25-147 40.943 3.89 Ι.45 4.tδ 0.88 20 2.00
'dec393' 25.226 40.930 0.4 6.4 5.57 4.18 79 1.50
'dec293' 24.612 40.586 ο.35 3.20 4.t1 6.38 28 1.88
jul493' 24.641 40.561 6.45 0.ω t.9J 10.40 87 ι.75
'jan294' 24.583 40.592 3.95 4.18 1.48 10.78 110 1.οο
' jan294'

'Δ 
<o1 40.871 3.95 4.Ι8 1.48 10.78 28 2.OO

' jan594' 24.737 40.843 3.51 4.05 6.78 9.67 10 1.13

ι'-

ι._-},
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TΑBLE 1. (conιinued)

'MΝ/ιγK/Y
R'

LoΝ (dd) LΑT (dd) Ν (knoω) S (knors) E (knors) \ry Gnoεs) ARΕΑ
(Κm')

DTEMP
('c)

jan594' 25.t23 40.9U 3.5Ι 4.05 6.18 9.67 7 2.0ο
'maτ394' u.559 4t.926 7.38 2.14 6.37 3.Φ 71 0.88
'apr294' 24.661 40.562 5.62 2.90 0.32 t2.97 86 Ι.l3
'apι294' 24.459 4η.928 5.62 2.94 0.32 12.97 48 0.88
'may394' 24.533 40.732 4.44 1.71 8.1 r 0.ω t2 1.25
'may494 24.458 4η.933 9.07 0.4 4.0ο 5.37 40 t.25
'may494' 24.759 40.846 9.07 0.4 4.00 5.37 5l 1.50
'may494' 24.8t6 40.623 9.07 0.44 4.οο 5.37 61 1.63
Junl94 24.80ι 40.61r 5.30 l.0Ι 8.09 4.63 48 r.38
jun194' 24.513 40.945 s.30 1.οΙ 8.09 4.63 7 2.50
)un394' 24.603 40.874 6.ω 2.20 4.φ 6.l1 33 1.13
Jun394' 24.595 40.589 6.ω 2.20 4.4 6.Ι l 33 Ι. 13

Jun494' 24.75E 40.596 4.43 5.σ7 s.78 3.9Ι 1a .63
JulΙ94' 24.676 40.565 5.ο1 6.24 4.98 3.80 ο, 2.50
JuΙ194' 24.768 40.u3 5.οl 6.24 4.96 3.80 79 ,ξ
'jut194' 25.2t0 40.929 5.0Ι 6.24 4.98 3.80 46 ι.75
'jυl.294' 24.559 40.926 1rξ 4.86 Ζ.0δ 10.79 28 2.?S
'jυl294' 24.592 40.595 3.25 4.86 2.68 10.79 74 0.50
'jι1294' 25.1t2 40.992 3.25 4.86 2.68 10.79 53 2.25jul394' l zq.sφ ω.9ω ι'..+5 7.27 4.Ζ1

LΛ
13.93 58 1.50jul394' ι 24.812 40.608 2.43 7.27 Ι3.93 194 0.50

JuΙ394' l 25.053 40.966 2.43 7.27 4.21 13.93 66 2.38
'aug194' 24.536 40.742 4.62 4.37 3.Ζ6 4.07 ,< ι.75
'sepl94' Izι.sω lωstο 8.81 I oso 3.8ο 5.84 5 t.63
'seβ94' 24.974 4ο.910 5.84 2.ι4 5.3Ζ 1.73 a< l.ω
'seβ94' 24.8σ7 40.676 5.84 2.14 3.32 t.73 1

1. t3
'seβ94' 24.366 44.892 5.84 2.14 3.32 1.73 5 1.38
'octl94' 25.113 4ο.980 l 4.4o 3.40 2-ω 8.80 43 3.25
'ocι194' u'9ω 4ο.918 ι 4.Φ 3.Φ 2.ω 8.80 7 4.ω
'oc294' 24.5U 4ο.613 5.68 ο.ω ο.ω

O"OO

ffi

15.77 38 ο.75
'noγ394' 25.237 40.9t7 0.55 2.94 Ι6.35 15 Ι.5οr'dec194' 24.786 4η.833 1.38 5.5ο lo'Ι5 30
'dec294' 25-111 Φ.97ι Ι.82 0.88 Ζ.53

οιω
9.51 74 r.u

'dec394' 24.958 Φ9Φ 1.72 3.8s 9.55 63 t. 13
'dec494' 25.088 40.990 0.42 2.34 υ.(χ) 13.75 7 3.2s
jan495' 245U 4η.892 0.ω 1ο.13 t9.Ιr 2.68 t6t 2.75
' jarι495' u.198 40.836 0.0ο 10.13 r9.18 Ζ.6a E9 2.63
' jzrι495' 25.074 40.963 0.ω 10.13 ty.Ιδ 2.68 117 2.13
jan495' 25.306 44.928 ο.οο r0.13 19.18 2.68 86 2.ω
jan595' 24.457 Φ.897 3.34 1.57 t.4t 12.32 309 1.5ο
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TΑBLE 1. (conιinued)

'MN/V/K/Y
R'

ΙrN (dd) LΑT (dd) Ν (knoω) S (knots) E (<nots) Ψ (kιots) ΑREΑ
(KΙnr)

DTEMP
ec)

jan595' 25.073 40.962 3.34 1.57 2'4Ι 12.32 t73

τ
2-t3

jan595' 24.679 40.558 3.34 ι.57 2.41 lz.5Ζ 2.t3
'feb195' 24.762 40.845 0.83 2.89 J.Ot 6.70 43 3.13
'feb395' 24.676 40.849 4.34 2.59 2.95 5.92 28 0.88
'maτ295' 24,556 4O.92,+ 3.15 1.54 J.'/5 13.49

iτ.95

25 Ι.5ο

t25
'ap1495' 24.731 40.843 5.55 4,63 2.49 Ι5
'may395' 24.525 40.723 7.Φ 1.17 7.43 3.5οr 74 1.88
'may495' 25.111 Φ.97ι 6.45 0.ω 9.54

rΞ
23 2-?S

'may495 24.588 44.7U 6.45 0.ω 2.ι5 23 2.50
'may595' 24.587 40.601 6.61 0.37 9.υ3 3.4ο ι5 ι.50
may595' 24.897 40.886 6.61 0.37 9'υJ 3.40 l5 Ι.75
Jυnl95' 24.602 Φ.576 5.42 0.0ο 8.53 0.39 56 0.88
Jun395' 24.520 40.718 6.35 3.97 11.29 0.ω t1 5.ω

rt3
'jun495' 24.6U 4ο.566 2.75 3.95 2.57 Ι0.7ο 63
'jυt295', lzs.ttt ,+0.984 2.47 0.88 5.07 8.16 7 4.50
'au9495' 24.682 4a.5ω 8.26 ο.ω 7.67

σΞ
5.05 43 r.25

'sepΙ95' 24.715 40.842 1.55 2.t5 ι.9'l 89 1.0ο
'sep395' 24.48ι 40.918 4.67 l.t4 ).Ζ}δ 3.93 2t7 1.63
'sep395' 24.826 Φ.699 4.67 t.14 ).4δ 3.93 33 88
'sep495' 24.808 40.771 6.56 5.53 4.42 0.92 t2 0.?s
'oct295', 24.587 40.582 η<n 0.84 1.46

Ξ.o6

11.35 't.t ο.5ο
'nov195' ,ξ l02 40.926 4.4 2-42 Ζ.9a ι45

43

1.38
'noν295' 24.610 44.577 0.49 7.62 9. t0 l.4δ 0.63
'noγ295' 24.s69 40.890 0.49 7.62 y. iυ 1.48 97 o.75
'nov295' 25.14 40.933 0.49 7.62 9.lο t.48 186 0.63
'dec195' 24.552 40'92ι 0.42 3.23 ι.'l 1 5.5t 38 1.ω
'dec195' 24.331 40.813 0.42 3.23 r.71 5.51 38 0.63

]_: -Ξr,.ξ

Γ'ι-

open sea up\ryeΙling measurements are presented in TabΙe 2. Ιt appears that there is a seasonaΙity inupweΙling-s starting from Ιate May and ending earΙy November with Peaks during earΙy summer εΙnd mid-autuΙnn' However, there is a possibiΙity of masked phenomena during winter ιryhen surface waters are coΙd.These events are characterised as long+erm events and their duration averages from24 rveeks (case ofautumn Ι995:7 weeks).

TABLE 2' UpweΙΙing index for the West Cretan Sea for.1|r^e period 1993-97. The date, Ιocation (decimaΙdegrees), area (square kiΙometers) and mean temperature difference inside from outside the upweΙΙing patch('C) are noted.
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'MΝ/WΙσYR' LoΝ (dd) LΑT (dd) ΑRΕΑ (Km2)

3Φ5-
DTEMP EC)

'may493' 23.686 34.934 r.50
junl93' 23.794 34.907 507 2.50
Jun393' 23.675 .y It 381

t6s8

3.88
Jun493' 23.541 34.927 11<

juΙl93' 23.34s 34.799 462

fr
4.37

JuΙ293' 23.2ψ 34.616 3.25
JuΙ393' 23.2s6 34.579 t374 3.75

π8r
augl 93' 23.293 34.54'7 2448
'may594' 23.494 34.854 2627

Jun I 94' 23.796 34.89ο 94 11<
'jνn294' 23.595 5J'υι' 266 1.15
Jun394' 23.626 34.799 828ο ' ηξ
'aug594' ι 23.214 34.933 Ι /oU 3.50
sepl94' 23.333 34.847 3r37 3. Ι3
'may595' 23.ι96 34.723 8733 U.δE
'jun395' 23.602 35.U2 ι9Lr) 2.50
Jun495' 23.696 34.987 2668 2.62
JuΙ 1 95' 23.687 34913 3477 ι.75
JuΙ395' 23.339 35.031 ru09 2.63
Jul495' 23.250 JΞ}.δJy 2430 4.75
'octΙ95' 22.872 34.844 ,ι,4ι6 3.50
'ocι295' 22.866 34.839 JCOy 4.U
'oct395' 22.854 34.897 JδUδ 3.75
'oc1495' 22.8ω 34.750 o4UΙ 11<
'oct595' 22.979 34.753 q44Z 2.ω
'nov195' 22.898 34.569 't11t 2.ι3
'nov295' 11 011 34.601 t.50
Junl96' 22.941 35.033 3298 1.25
jun296' 23.232 34.886 2.63
jun396' 23.4ω 51.lν ι t62 3.25
jul196' 23.8s6 34.793 3766 2.50
'jνΙ296' 23.740 5q. tq9 865 I 1.37
jul496' 23.36r 34.931 t-37
'jι1497' 23.592 34.947 542 0.88
aνg197' 23'55ι 34.8ω νL5 l.ι2
'aνg297' 23.376 35'0ο4 4Uδδ ο.63
'aυg397' 23.2t7 35.W δJyJ 0.12
'sep297' 22.931 34.9A1 ι5ν6 2.50
'sep397' 22.881 34.923 Jo4Ι 1.00
'se{97' 22.593 34.970 2.75
'sep597' 22.ω9 34.869 )νzι .' η<

'octl97' 22.829 34.887 Jvo9 0.ι2
J
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4 Coυcιusloπ
Α GΙS-based system (UPWELL) for the study of upweΙΙings was presented. The associated data wereremoteΙy-sensed sea- suτface temperature and wind data. τiuo upw"tring ,on"' in the Greek Seas weresfudied for the period of 1'993-97. ιIPWELL may integrate additionat ωη?* 

"iu-pl., 
fisheries productionfor the study of upweΙΙing events on sea-food produδtion or chΙorophytΙ-a data (fτom CZCS or SeaT/iFSimagery) for the sωdy of primary production. Ιn addition, wind fieΙds from the εns_z and ΑDEoS/ΝSATscatterometers c:ιn be integτated for the--study- of the open oce.Ιn dynamic upΙift regiοns. A λfur"advancement of the ΙΙPWELL-method wilΙ be the urtornπi. classificatlon of water m:ιsses quaΙity usingeΧpert Systems.
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