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PRESPA LAKE WATERSHED 
MANAGEMENT PLAN

Project achievements

Prof. d-r Ivan Blinkov
(on behalf of the team)

 Билатерален состанок меѓу Министерството за животна средина и просторно 
планирање на Република Македонија и Министерството за животна средина и води 

на Република Бугарија на тема: Управување со водиSeptember 

 13-12, 2013 , Скопје

The total water resources
6,37*109 m3 (normal year)
4,80*109 m3 dry year), 
out of which 80% are 
carried in the Vardar basin.

3100 m3/capita 

Uneven spatial and timely 
distribution over the 
country, more favorable 
conditions in the WM
but being characterized
over all the national 

territory by a timely 
distribution which presents
long drought spells and 

high intensity rainfalls
which constitute at the 

same time a threat for 
crops and which prone 
erosion phenomena.

-Black Sea basin - (44 km2 or 0.17 %) ; 
- Adriatic Sea basin (3359 km2 or 13.07 %)
-Aegean Sea basin (22310 km2 or  86.76%)
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- Basin area of  1,600 km2 shared between the three 

neighboring countries (MK 62%, AL 17%, GR 21%)

- Approximately 30,000 inhabitants (MK 75%, AL 17%, 

GR 8%)

- Local economy based on agriculture, tourism, fishing, 

NTFP's, factories in MK…

has been identified as one of  Europe's major trans-

boundary “ecological bricks” and biodiversity “hot spot 

PROJECT  REGION

MK

Al
GR

 Prespa Region: Unique Values Of   The Ecosystem 

Under Continuous Stress

 Underlying causes for stress on ecosystem health:

 Serious decline of  the water level of  the Prespa Lake

 Inappropriate scale for land-use and water use planning

Ecosystem objectives not sufficiently incorporated into the 

sectoral legal and regulatory instruments, plans, policies etc.

 Pollution from pesticides, fertilizers and industrial compounds

Waste management practices (agricultural, indust., domestic)

 Fisheries management practices  

 Forestry management practices

 Protected areas management

Wastewater management

Unilateral and piecemeal approach to managing shared 

resources!!!

 Need for coordinated transboundary action
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Project facts

 UNDP Project:  DEVELOPMENT of PRESPA LAKE     

WATERSHED MANAGEMENT PLAN

 Reference No.:   RFQ 50/2009

 Programme:     Integrated Ecosystem Management in 
the 

Prespa Lakes Basin  (No. 00051409)

 Project Beneficiary:   Ministry of Environment and 

Physical Planning 

 Project implemented by:  Geotehnicki Inzenering doo, 

Skopje (GTI)

 Project duration:  18 months (October 2009 – April 
2011)

TASKS

 DEVELOPMENT of PRESPA LAKE     

WATERSHED MANAGEMENT PLAN

 SEA report

 Manual for preparation RBMP
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Todor Conevski, grad.civ.eng. Team leader 

Prof. d-r Svetislav Krstid, grad. biol. Deputy Team leader, water quality 

Prof. d-r Ivan Blinkov, grad.for.eng Land use, GIS, harmful impact of water 

M-r.eng. Vladimir Stavric, grad. civ.eng WFD principles, WM Planning 

Prof. d-r Ordan Cukaliev, grad. agr.eng Irrigation, agriculture 

Jens Longholt, grad.env. eng. WM Planning  

M-r Igor Ristovski, grad.env.eng. SEA expert 

Zvonko Kočovski, grad. ecc. Economist 

M-r Ivan Minčev, grad.for.eng GIS / RS  

M-r Ġoko Dinev, grad. arch. SEA expert 

Josif Mileski, grad.eng. Hydrology 

Mitko Dimov, grad.eng. geol. Hydrogeology 

Radmila Bojkovska Spirovska, WQ monitoring 

D-r Trajče Talevski  Fishes 

D-r Marina Talevska Macrophyts 

M-r Valentina Slavevska Stamenkovid Macrozoobenthos 

Prof. D-r Trajce Stafilov Chemical analyses 

D-r Ivanco Kaevski,     

M-r Sanja Spirovska 

Hydrological modeling 

Hydrological modeling 

Irina Soreva, grad biol.ecol. Field sampling and laboratory 

Martina Blinkova, grad. biol.ecol. Field sampling and laboratory 

Local legislation

 Law on water

 Various rulebooks

 Related legislation
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IDENTIFIED CONSTRAINS

This was the first WMP in the Republic of Macedonia 

prepared according to the new rules –

Water Framework Directive that was incorporated in the current 

Law on Water (2008).

 WFD needs are not fully in accordance with the situation in the 
Republic of Macedonia.

 In the WFD guidance documents is noticed that some issues can be 
adopt to the country need but some issues are perhaps neglected 
in the legislation 

 Those topics are: drought, irrigation needs, erosion and torrents.

But how to reach WFD goals and 
purposes when…

(a) There are no continuous data on water quality parameters

(b) There is no monitoring in the watershed

(c) There is no information on human pressures in the watershed

(d) There are no data on priority substances in the watershed

(e) There is no delineation of water bodies in the watershed

(f) There is no information on past conditions in the watershed

(g) There are no reference conditions established in the watershed

(h) There is no GIS database in the watershed
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Advantages

 According to the ToR – 9 experts, we 
include 23 experts

 Great enthusiasm in the team

 Long term experience of the members of 
the team in projects in the region

Achievements
 Watershed Management Plan, 

 Plan is accompanied with  5 technical reports   and 3 annexes,

 TR - 1 - Data collection and analyses of existing conditions - 53 pgs.
TR-1 - Annexes - 95 pgs

 TR- 2 - Identification of the major watershed management issues in 
Prespa Lake Watershed - 267 pgs

TR-2 Annexes - ID of water bodies - 81 pgs
 TR - 3 - GAP Analyze and Programme of Measures - 75 pgs
 TR- 4 - Public Consultation Process - 45 pgs
 TR-5 Preliminary expert judgment related to protected zones -

TR-5 – Annex - Maps in scale 1:25000
r

 SEA Report,

 Manuel for preparation RBMP (on Macedonian language)

 Complete GIS database. 
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Manuel for 
preparation RBMP 

110 pgs
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EXISTING
HYDROMETEOROLOGICAL

STATIONS IN
PRESPA REGION -

MACEDONIAN PART

Meteorological data series – KFW – up to 2004

Hydrological data series  - KWF – up to 2004

Added data up to 2009

Carried some measuring aimed for WQ aspects 

Data for water objects

Collected other relevant data (new 
abstractions..

Modeling
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Delineation of Surface water bodies

Rivers (13)                                                Lake Wb (1)
Heavily modified water bodies (1) Artificial water bodies (2)

Surface WB typology 

 Different for rivers or lakes

 Rivers:  typology system A or system B

 All surface WB inn Prespa region belong to eco-region 6 (Hellenic-Western 
Balkan region), S (small sized basins), M- (mountain basins > 800 masl) ,  S
– (dominant silicate geological structure) 

 Surface water bodies are classified as

 Rivers – type 1

 Heavily modified water bodies – type 1h
 Artificial water bodies – type 1a

 Lake – type - 1L
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Typology –
system A

Delineation of Ground water bodies

 GWB should be delineated in
3 dimension.

 Delineation was done
according to the SHARIN
water permeability classes.

 GWB in Prespa are located in 
3  different layers 

 There are 6 delineated GWB:

 3 in Quaternary sediments ,

 1 in Pliocene sediments

 2 in Triassic carbonate rocks
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Water use and pressures
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Volume of Water Demand from Prespa Lake used for irrigation 

(1951-2008)

# Settlement

Connection to 

WS and WW 

systems

Percentage of 

coverage by the 

central WW 

system

Untreated 

wastewater 

discharge 

(m3/day)

Effective 

Pollution 

Load (kg 

BOD/day)

Effective 

Pollution Load 

(kg TSS/day)

Effective 

Pollution 

Load (kg 

P/day)

Effective 

Pollution 

Load (kg 

N/day)

Type of 

Impact to 

Golema Reka

1 Resen WS + WW 70% 356.9 131.2 183.7 5.8 7.7 Direct

2 Krusje WS 0% 10.4 4.3 6.0 0.2 0.2 Indirect

3 Leva Reka WS 0% 5.9 2.4 3.4 0.1 0.1 Indirect

4 Izbiste WS 0% 17.2 7.0 9.9 0.3 0.4 Indirect

5 Kriveni WS 0% 2.6 1.1 1.5 0.0 0.1 Indirect

6 Jankovec WS + WW 40% 84.2 28.1 39.3 1.2 1.6 Direct

7 G. Bela Crkva WS 0% 18.2 7.5 10.5 0.3 0.4 Direct

8 D. Bela Crkva WS 0% 23.1 9.5 13.3 0.4 0.6 Direct

9 Ezerani WS 15% 16.8 8.1 11.4 0.4 0.5 Direct

10 Podmocani 0% 29.8 12.2 17.1 0.5 0.7 Indirect

11 Grncari 0% 40.7 16.7 23.4 0.7 1.0 Indirect

12 Sopotsko 0% 21.6 8.9 12.4 0.4 0.5 Indirect

13 Zlatari WS 0% 11.5 4.7 6.6 0.2 0.3 Indirect

14 Kozjak WS 0% 11.4 4.7 6.6 0.2 0.3 Indirect

Total 55% 650 246 345 11 14



08/03/2016

12

 City of Resen and few villages connected to common water supply system
 The second WSS is local (Kurbinovo-Asamati-Pretor) 500 inhabitants.
 Other settlements – independent local systems 

 Daily Water needs 
 - for industry  700 m³/ден 
 - For citizens  110 l/capita 

 Experience from the latest dry period – lack of 30 l/s 

Irrigation

 WUC - 2500 ha (300ha system, 2200  wells and rivers)
 Irrigation techniques:   drip irrigation (70%), furrows (30%)

 Irrigation system Prespa (more then 60 years old)

 3 sub-systems - needed rehabilitation / reconstruction

 In operation 15 June – 15 September

 Designed capacity 1,8 m3/s or 15.552.000 m3/annualy

 Year 2000 – 88,98% of total water demand used for irrigation (83,2%
from lake, 10,9 % groundwater, rivers - 4,98%, springs 1,71%)

 CCA 8000‐1000 wells on private land

 Beside wells, there are intakes fro irrigation - illegal

 Generally significant water loss

Drip irrigation system:
2 sprinklers 6-8 l/h 

Apple stand - 1000 trees/ha - 12000-16000 l/h 
Duration 4-7 days - 1152 – 2688 m3/ha
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WATER RESOURCES and WATER USE

 Total water resources - 250x106 m3/ann.

 Lack of water in the east part of  the basin. Following the 
strategy for development of tourism, increase of lack of water 

 Lake level fluctuation dominantly depend on natural factors. 

 “Illegal” water use

– wells (impact on groundwater and the lake ecosystem too)

- intakes on streams – cause  dry stream beds and impact 
ecological status

Water Balance Equation:

Wak(i,j)= Wak(i,j-1) + Winf(i,j) – WEF evap (i,j) – Wdem(i,j) –
Wkars(i,j)       [MCM]

 i = index of year

 j = index of month in the year i

 Wak(i,j) = lake volume in the year i, and month j

 Wak(i,j-1) = lake volume in the year i, and month (j-1)

 Winf(i,j) = runoff volume from the contributing catchment 
areas  

 WEF evap (i,j) =volume of net evaporation (achieved by 
subtracting the lake’s surface evaporation  from  total 
rainfalls into the Lake)  

 Wdem(i,j) = volume of extractions from the Prespa Lake 
(water demand for water supply and irrigation) 

 Wkars(i,j) = outflow volume from the Prespa Lake into the 
Ohrid Lake 
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Flow for Prespa Lake to Ohrid Lake through the karst 
mountain Galicica

PRESPA 

Lake

OHRID 

Lake

OUTFLOW

GALICICA

Deep 

sinkhole

Water balance modeling

Regi st r i r ani  i  si mul i r ani  ni voi  na voda bez 

navodnuvanje (1976-2008)
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Phisical  

pollutant

Biological

pollutant

Chemical 

pollutant

SURFACE WATER QUALITY  

ASPECTS

Sources of 
pollution
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Land Cover / Use

Apple 

stands
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ESTIMATION 
OF DIFFUSE 

SOURCE 
POLLUTION 

Floods
 The most frequent is snow melting in combination with high river

water level, which appears in the lower parts of the major watercourses.
The most affected areas are the Brajčinska and Golema Rivers. High
underground water level is customary for the spring period, particularly for
Resen field when interaction of surface and underground water creating
ponds in above areas is noticeable. Flows of the Brajčinska and Golema
Rivers bigger than 15 m3/s contribute to this condition.

 Floods of bigger rivers appear when river flows are larger than 40 m3/s.
Three floods of this type have been recorded over the past century, the most
noticeable ones being in 1942, 1962 and 1979. The watershed of the Golema
Reka River produced the largest flooded area; downstream of Resen, all the
way to it’s mouth into the lake. The Brajcinska River has a bigger destructive
power, rolling massive blocks from Baba Mountain, and unlike the Golema
River, which brings more eroded material. The maximum water flows of the
Brajcinska River (Qmax = 45.7 m3/s), and the Golema River (36.7 m3/s)
were recorded in November 1962 flood.

 Lake water entering inhabited places and agricultural land floods
took place in the past century, in 1942/43 and 1963, flooding the villages of
Nakolec, Asamati, Ezerani, Perovo and large areas of agricultural land. The
lake level reached its highest value of 851.93 m a.s.l. (Macedonian
levels).The most important recorded floods happened on: November 1962,
November 1963, and November 1979.


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EROSION AND 
TORRENTS

 Average annual erosion 
coefficient of the basin is total 

of Z = 0.33 – IV cat.

 Flooding of micro-locations . The 
high-intensity short-term rains activate 
dry ravines very fast, bringing huge 
quantities of eroded material and 
effusing in the villages and agricultural 
land. The most dangerous torrents are 
situated on the eastern coast (the 
Dolno Dupenska River, the 
Podmočanska/Avatska River, etc.). 

7%

18%
46%

23%

6%

I

II

III

IV

V

Sediments and siltation of the lake

River name 

Basin area

A [km2]

Eros.coeff

Z

Sedim.prod

W  [m3/y]

1 Golema Reka 166,86 0,32 71 991

Leva Reka 31,50 0,35 15 184

2 Istocka Reka 89,00 0,41 55 091

Bolnska Reka 42,43 0,40 25 246

3 Brajcinska Reka 71,70 0,46 49 420

4 Kranska Reka 35,40 0,30 12 409

Sediment Production on the basin
E = 260 352 m3/ y  ;    Esp = 456  m3/km2 y  [4,5 t/ha.ann]

Sediment yield (income to the lake)
G = 163 536 m3/ y ;    Gsp = 286 m3/km2 y  [2,8 t/ha.ann]

Damages:  Mechanical pollution, transport of nutrients (N, P) 
from agriculture land,  transport of other pollutants etc.
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MACRO PRESPA LAKE

ESTABLISHED

12-months Monitoring 

of Surface Water 

Quality

Physical and Chemical Parameters <-------> Biological communities
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RIVERS – basic physic-chemical parameters
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RIVERS – nutrient load to Prespa Lake

Total Load of nutriens from river water bodies into Prespa Lake

1286.3
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PRESPA LAKE – Nutrients status

Total P ~ 1 mg/L = V 
class

Sulphates 
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Total N

Heavy metals in all river water bodies 
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RIVERS – heavy metals load to Prespa Lake

Heavy metal load from river water bodies in Prespa Lake watershed
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Heavy metals in Prespa Lake
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PRESPA LAKE – Heavy metals

Mercury > 1 mgL-1 = 
V class

Arsenic 30-50 mgL-1 = III – IV 
class

Copper 10-50 mgL-1 = III 
– IV class

PRESPA LAKE – Priority substances

Prespa Lake - Priority substances in ppm
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as in rivers
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Prespa Lake - Priority substances in ppb
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PRESPA LAKE – Priority substances

Priority substances in river water bodies in ppm 
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Anthracene Benzo (a )anthracene Benzo (a) pyrene Fluorene Alachlor Atrazine Dibutilphthalate Bis(2-Ethylhexyl)phthalate

Bis(2-ethylhexyl)phthalate –
Used in plastics and hydraulic oils

RIVERS – priority substances

Priority substances in river water bodies in ppb 
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PCB (III-IV class) 1-10 ng/l
Heptachlor  (V class) > 1 ng/l

Marked presence of  DDD and DDE residues
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Determining the water quality through 

biological elemenths

Algae
Macrozoobenthos
Macrophyta
Fishes

Field sampling

 P =a2

 a=15

 P = 225 cm2

 A = k • ind.m2

 A = 44,45 •ind.m2

Collection of bottom fauna

samples was performed by

several different devices:

Ekman grab, sediment corer,

triangle bottom dredge and hand

net. Macroinvertebrate standard

methods applicable to lakes were

used (ISO 9391:1995 and ISO

7828:1985).
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 P=a2

 a=33 cm

 P = 1089 cm2

 A= ind.•m2 A = k• ind.m2

 A = 9,18 • ind.m2

Concerning to the main 

tributaries of Prespa Lake, 

benthic invertebrates samples 

were collected with a Surber 

sampler or hand-net following 

standard methodology for 

collection of bottom fauna (ISO 

8265:1988 and ISO 7828:1985)
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BENTHOS

Mass development of Anabaena affinis
INDICATION OF ACCELERATED EUTROPHICATION AND 

BAD WATER QUALITY STATUS DURING SUMMERS

PRESPA LAKE – Ecological quality elements - algae

CYANOTOXINS – toxins produced by blue-green algae in 

mass development – 'water blooms'

Allowed (safe) concentrations according to WHO –
1 gL-1 – drinking waters 

10-20 gL-1 – recreational waters

Recerational water

Drinking
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Dominant taxa in littoral:                              
a) Potamothrix hammoniensis,             b)
Dicrotendipes nervosus,                       c) 
Erpobdella lineata, d) Valvata piscinalis, 

e) Dreissena polymorpha,         f) 
Gammarus triacanthus, g) Asellus 

aquaticus

Dominant taxa in profundal:     
a) Potamothrix hammoniensis, 

b) Chironomus plumosus,         c) 
Pisidium sp.

Results indicate moderate water quality status in littoral, and 

bad water quality status in profundal. 

PRESPA LAKE – Ecological quality elements - zoobenthos

 Species 

1. Phragmites australis (Cav.) Trin. ex Steud. 

2. Phalaris arundinacea L. 

3. Typha latifolia L. 

4. Typha angustifilia L. 

5. Typha laxmannii   

6. Shoenoplectus lacustris (L.) Palla 

7. Scirpus sylvaticus L. 

8. Heleocharis pallustris R.Br. 

9. Cyperus longus L.  

10. Alisma plantago - aquatica L. 

11. Bidens tripartita L. 

12. Rorippa amphibia (L.) Bess. 

13. Callitriche verna L. 

14. Hydrocharis morsus-ranae L. 

15. Lemna minor L. 

16. Lemna trisulca L. 

17. Azolla filiculoides Lam. 

18. Spirodella polyrhyza (L.) Scheiden. 

19. Potamogeton perfoliatus L. 

20. Potamogeton pectinatus L. 

21. Potamogeton lucens L. 

22. Potamogeton crispus L. 

23. Potamogeton pussilus L. 

24. Potamogeton gramineus L. 

25. Zannichellia palustris L. 

26. Myriophyllum spicatum L. 

27. Ceratophyllum demersum L. 

28. Ceratophyllum submersum L. 

29. Vallisneria spiralis L. 

30. Najas major All. 

31. Najas minor All. 

32. Utricularia neglecta Lehm. 

 

Myriophyllum 

spicatum

Vallisneria spiralis

Hydrocharis morsus-ranae

Phragmites australis

Results point to moderate status.

PRESPA LAKE – Ecological quality elements - macrophytes

http://drs.yahoo.com/S=96062857/K=Myriophyllum+spicatum/v=2/SID=e/l=II/R=9/*-http://images.search.yahoo.com/search/images/view?back=http%3a//images.search.yahoo.com/search/images%3fp=Myriophyllum%2bspicatum%26srch=1%26ei=UTF-8%26n=20%26fl=0&h=270&w=175&imgurl=www.cnipm.org/images/Myriophyllum_spicatum.jpg&name=Myriophyllum_spicatum.jpg&p=Myriophyllum+spicatum&rurl=http://www.cnipm.org/myriophyllum_spicatum.html&no=9&tt=154
http://drs.yahoo.com/S=96062857/K=Myriophyllum+spicatum/v=2/SID=e/l=II/R=9/*-http://images.search.yahoo.com/search/images/view?back=http%3a//images.search.yahoo.com/search/images%3fp=Myriophyllum%2bspicatum%26srch=1%26ei=UTF-8%26n=20%26fl=0&h=270&w=175&imgurl=www.cnipm.org/images/Myriophyllum_spicatum.jpg&name=Myriophyllum_spicatum.jpg&p=Myriophyllum+spicatum&rurl=http://www.cnipm.org/myriophyllum_spicatum.html&no=9&tt=154
http://drs.yahoo.com/S=96062857/K=Vallisneria+spiralis/v=2/SID=e/l=II/R=11/*-http://images.search.yahoo.com/search/images/view?back=http%3a//images.search.yahoo.com/search/images%3fp=Vallisneria%2bspiralis%26ei=UTF-8%26cop=mss%26tab=3&h=400&w=268&imgurl=www.scalaria.narod.ru/flora/images/vallisneria_spiralis.jpg&name=vallisneria_spiralis.jpg&p=Vallisneria+spiralis&rurl=http://www.scalaria.narod.ru/flora/floraa_j.htm&no=11&tt=81
http://drs.yahoo.com/S=96062857/K=Vallisneria+spiralis/v=2/SID=e/l=II/R=11/*-http://images.search.yahoo.com/search/images/view?back=http%3a//images.search.yahoo.com/search/images%3fp=Vallisneria%2bspiralis%26ei=UTF-8%26cop=mss%26tab=3&h=400&w=268&imgurl=www.scalaria.narod.ru/flora/images/vallisneria_spiralis.jpg&name=vallisneria_spiralis.jpg&p=Vallisneria+spiralis&rurl=http://www.scalaria.narod.ru/flora/floraa_j.htm&no=11&tt=81
http://drs.yahoo.com/S=96062857/K=Hydrocharis+morsus-ranae/v=2/SID=e/l=II/R=3/*-http://images.search.yahoo.com/search/images/view?back=http%3a//images.search.yahoo.com/search/images%3fp=Hydrocharis%2bmorsus-ranae%26srch=1%26ei=UTF-8%26n=20%26fl=0&h=425&w=599&imgurl=www.ulsamer.at/db/hydrocharis-morsus-ranae-1.jpg&name=%3cb%3ehydrocharis%3c/b%3e-%3cb%3emorsus%3c/b%3e-%3cb%3eranae%3c/b%3e-1.jpg&p=Hydrocharis+morsus-ranae&rurl=http://www.ulsamer.at/pf/port.html&no=3&tt=51
http://drs.yahoo.com/S=96062857/K=Hydrocharis+morsus-ranae/v=2/SID=e/l=II/R=3/*-http://images.search.yahoo.com/search/images/view?back=http%3a//images.search.yahoo.com/search/images%3fp=Hydrocharis%2bmorsus-ranae%26srch=1%26ei=UTF-8%26n=20%26fl=0&h=425&w=599&imgurl=www.ulsamer.at/db/hydrocharis-morsus-ranae-1.jpg&name=%3cb%3ehydrocharis%3c/b%3e-%3cb%3emorsus%3c/b%3e-%3cb%3eranae%3c/b%3e-1.jpg&p=Hydrocharis+morsus-ranae&rurl=http://www.ulsamer.at/pf/port.html&no=3&tt=51
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Barbus prespensis Kar.

Chondrostoma prespensis Kar.

Rutilus rubilio prespensis Kar.

Leuciscus cephalus prespensis Kar.

Alburnus alburnus belvica Kar.

AUTOCHTHONOUS 

Alburnoides prespensis Karaman 

1924

Alburnus belvica Karaman 1924

Anguilla anguilla (Linnaeus 

1758)

Barbus prespensis Karaman 1924

Chondrostoma prespense 

Karaman 1924

Cobitis meridionalis Karaman 

1924

Cyprinis carpio Linnaeus 1758

Pelasgus prespensis Karaman 

1924

Rutilus prespensis Karaman 1924

Salmo peristericus Karaman 

1938

Squalius prespensis Fowler 1977

ALLOCHTHONOUS

Carassius gibelio Bloch 1782

Ctenopharyngodon idella 

Valenciennes 1844

Gambusia holbrooki Girard 

1859

Hypophthalmichthys molitrix

Valenciennes 1844

Lepomis gibbosus Linnaeus 

1758

Oncorhynchus mykiss 

Walbaum 1792

Parabramis pekinensis 

(Basilewsky 1855)

Pseudorasbora parva

Temmini&Schlegel 1846

Rhodeus amarus (Bloch 1782)

Salmo letnica Karaman 1924

Silurus glanis Linnaeus 1758

Tinca tinca Linnaeus 1758

Results point to bad status of the lake.

PRESPA LAKE – Ecological quality elements - fishes

Map of the 
classification of 
ecological status 
of water bodies

http://drs.yahoo.com/S=96062857/K=Rutilus+rubilio/v=2/SID=e/l=II/R=8/*-http://images.search.yahoo.com/search/images/view?back=http%3a//images.search.yahoo.com/search/images%3fsrch=1%26p=Rutilus%2brubilio%26ei=UTF-8%26n=20%26fl=0&h=242&w=578&imgurl=www.republika.pl/jk_kozi/wedkarstwo/atlas/ryc/ploadr1.jpg&name=ploadr1.jpg&p=Rutilus+rubilio&rurl=http://www.republika.pl/jk_kozi/wedkarstwo/atlas/plocadr.html&no=8&tt=9
http://drs.yahoo.com/S=96062857/K=Rutilus+rubilio/v=2/SID=e/l=II/R=8/*-http://images.search.yahoo.com/search/images/view?back=http%3a//images.search.yahoo.com/search/images%3fsrch=1%26p=Rutilus%2brubilio%26ei=UTF-8%26n=20%26fl=0&h=242&w=578&imgurl=www.republika.pl/jk_kozi/wedkarstwo/atlas/ryc/ploadr1.jpg&name=ploadr1.jpg&p=Rutilus+rubilio&rurl=http://www.republika.pl/jk_kozi/wedkarstwo/atlas/plocadr.html&no=8&tt=9
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S T A T U S 

 

ACTION  NEEDED 

UNDER 

 

WATER BODY NAME 

  

WB 

TYPE 

  High Good Moderate Poor Bad 

UWWTD 

or ND WFD 

 SURFACE Water Bodies - RIVERS 

Istočka Reka 1 1   Good       no no 

Istočka Reka 2 1         Bad yes yes 

Istočka Reka 3 1       Poor   yes yes 

Golema Reka 1 1   Good       no no  

Golema Reka 2 1     Moderate     yes yes 

Golema Reka 3 1     Moderate     yes yes 

Golema Reka 4 1     Moderate     yes yes 

Golema Reka 5 1     Moderate     yes yes 

Kurbinska Reka 1 1     Moderate     yes yes  

Kranska Reka 1 1 High          no no 

Kranska Reka 2 1     Moderate     yes yes  

Brajčinska Reka 1 1 High          no no 

Brajčinska Reka 2 1       Poor   yes yes 

 SURFACE WATER BODIES – HEAVILY MODIFIED WB 

Golema Reka 6 1h         Bad yes  yes 

SURFACE WATER BODIES – ARTIFICIAL WB 

Golema Reka 7 1a         Bad yes  yes 

Golema Reka 8 1a       Poor   yes  yes 

 SURFACE WATER BODIES – LAKE 

PRESPA LAKE 1L     Moderate     yes  yes 

 

THE FINAL STATUS OF DELINEATED WATER BODIES

Reference conditions

 Reference conditions for Rivers

sample point in the headwater – near the 
spring

 Reference conditions for lakes –

core sampling
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 Reference conditions for the rivers in Prespa Lake 

watershed 
Parameter (units) Value 

Dissolved oxygen (mg/l) >9 

Conductivity (s/cm) <50 

pH  6-7 

NHx-N (mg/l) <0.05 

NOx-N (mg/l) <0.6 

Total N (mg/l) <1.0 

PO4-P (mg/l) <0.020 

Total P (mg/l) <0.030 

Toxic heavy metals and 

priority substances (g/l)  
<0.001 

Dominant algae - diatoms Diatoms: Meridion circulare, Meridion 

circulare var. constricta, Diatoma hyemalis, 

Diatoma mesodon, Eunotia spp., Staurosirella 

pinnata, Hannea arcus, Psammothidium 

daonense,  Amphipleura pellucida, Decussata 

hexagona,  Luticola nivalis, Diadesmis 

perpusila, Krsticiella ohridana, Pinnularia 

sudetica.  

Red algae: Lemanea fluviatilis. 

Dominant benthic 

invertebrates  

Heptagenia sulphurea, Baetis rhodani, Baetis 

alpinus, Baetis fuscatus, Baetis vernus, 

Potamophylax latipennis, Capnia vidua, 

Brachyptera risi, Nemoura cinerea, 

Austropotamobius torrentium, Astacus astacus 

DSFI index - invertebrates  

 

WHERE SHOULD THE WATER BODIES BE – THE REFERENCE 
CONDITIONS FOR RIVERS IN PRESPA LAKE WATERSHED

>400 – reduction need of 87,5%

>10 – reduction need of 90%

max 3 – reduction need of 99%

Maximal reduction need

REFERENCE CONDITIONS FOR PRESPA LAKE – CORE SAMPLING
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Major cations and metals in Prespa Lake core
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 Reference conditions for Prespa Lake  
Parameter (units) Value 

Dissolved oxygen (mg/l) 6-7 (surface); >4 

(bottom) 

Conductivity (s/cm) 200-300 

pH  7-8 

NHx-N (mg/l) <0.05 

NOx-N (mg/l) <1.0 

Total N (mg/l) <3.0 

PO4-P (mg/l) <0.005 

Total P (mg/l) 0.015-0.025 

Chlorophyll a (g/l)   <3.8 

Secchi depth (m) >5 

Dominant algae  Diatoms, Chrysophytes, 

Green coccoid algae, 

Xanthophytes, Charophytes.  

No cyanobacteria or ‘water 

blooms’ by any algal group.  

Dominant benthic invertebrates  Snails, Clamps, Dragon flies, 

Mayflies, Caddis flies, 

Leeches, Sponge, 

Amphipods, Decapods. 

No Chironomids or 

Tubificids indicators for 

eutrophic conditions. 

BQI index 

Diversity index H
  

 
2.33-3.00 

>3.5– reduction need of 15 %

>1.5– reduction need of 98 %

THE REFERENCE CONDITIONS FOR PRESPA LAKE 

ECONOMIC ANALYSIS
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PROGRAMME OF MEASURES
analysis, prioritization & implementation plan

 Protection zones 

 Environmental Objectives
 General
 Water bodies
 Indicators

 Programme of Measures
 Problem analysis & causes
 Gap analysis
 Programme of measures
 Possible implementation strategies

 Implementation Strategy in a Macedonian context
 Приоретизација
 Sensitivity analysis
 Necessary preparatory measures
 Legal obligations
 Analysis of  alternative implementation strategies
 Implementation schedule
 Environmental effects
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Protection  zones

 Law on nature

 Law on water

 Other legislation related to: forest, 
defense, etc

 Law on Nature:

 National Parks (IUCN II);

- NP Galicica

- NP Pelister

 IUCN – IV –

wetland Ezerani 

 Prespa Lake (in 2002 
recognized  as Ramsar 
site)

 Other wetlands 
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Law on water – Water protection Zones

 Water Protection Zones  (chapter III): 

 WBs intended for human consumption
 WBs designated as recreational waters
 WBs sensitive to urban waste waters discharge 
 WBs designated for the protection as natural heritage where the 

maintenance or improvement of the status of water is an important factor
 Nitrate venerable zones
 intended for protection of aquatic plant and animal species or water 

dependant,

 Chapter V – Adverse impact of water
 Article 3 – Maintenance of surface water 

 Article 4 – Erosive zones

Map of all 
protected 

zones (already 
established 

and proclaimed 
and 

additional (some 
of them) under 
opinion of the 

GTI team
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ENVIRONMENTAL OBJECTIVES

 The objective is that all water bodies 
should achieve “Good status”. 

 In addition, any deterioration in the 
existing status of both surface waters 
and groundwater is to be prevented.

 TDA, 2010

 For protected areas – other EOs
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ENVIRONMENTAL OBJECTIVES

For the surface water bodies:

 EO 1: Improvement of environmental conditions 
ensuring good water and soil quality for human 
health and for the ecosystem by 2025 (long-term)

 EO 2: To control water levels (prevent losses) and 
promote sustainable use (short-term & continuous)

 EO 3: To ensure sustainable fisheries (mid-term)
 EO 4: Reducing pesticide/fertilizer loadings, waste from 

packaging and pressure from agriculture (short-term & 
continuous)

 EO 5: Reduction of physical pressures (short-term & 
continuous)

For the groundwater bodies: (These include the abovementioned 
Environmental Objectives 1, 2, 4 and 5, as well as the following 
objectives):

 EO 6: The drinking water supply is to be based on pure groundwater 
without the need for more than simple treatment (long-term); To 
ensure that the water supplied to the population only contains nitrate 
in natural concentrations (short-term & continuous).

 EO 7: The groundwater resource must be safeguarded against 
overexploitation (mid-term).

 EO 8: The groundwater must be protected against contamination 
(short-term & continuous); there must be no pesticides or other 
hazardous substances in groundwater used for the supply of drinking 
water (short-term & continuous). 

For protected areas (PA):
.....
Environmental objectives 1 and 2, being the most important, 

have been adopted as guidance for further elaboration of the 
Prespa WMP and as a basis for the development of the 
Program of Measures and the 6-year implementation plan.
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ENVIRONMENTAL OBJECTIVES –
WATER BODIES

Name Current status Action 
needed?

Objectives

Rivers HMWB & AWB

Istocka 1 Good

Istocka 2 Bad Y Good

Istocka 3 Poor Y Good

Golema 1 Good

Golema 2 Moderate Y Good

Golema 3 Moderate Y Good

Golema 4 Moderate Y Good

Golema 5 Moderate Y Good

Golema 6 Bad Y Good potential

Golema 7 Bad Y Good potential

Golema 8 Poor Y Good potential

Kurbinska Moderate Y Good

Kranska 1 High

Kranska 2 Moderate Y Good

Brajcinska 1 High

Brajcinska 2 Poor Y Good

 ENVIRONMENTAL OBJECTIVES -
INDICATORS
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Overall

Objecti1

Improvement of environmental conditions to ensure good water and soil quality for

human health and ecosystem by 2025.

Indicato

r

Measurable decline in levels of the main pollutant groups and pressures in water,

sediment and biota

1a: Good surface water quality:

-Reduce / prevent further eutrophication/organic pollution

-Reduce / prevent further hydromorphological changes

-Reduce / prevent further habitat fragmentation

-Maintain biological water quality (phytoplankton, macrophytes, invertebrates and fish)

- Reduce / prevent hazardous substances pollution

1b: Good groundwater quality:

-Control water abstraction

-Reduce / prevent water pollution from point and non-point sources

-Maintain good physical and chemical characteristics

1c: Good ecological potential for HMWB and AWB:

-Reduce / prevent further eutrophication/organic pollution

-Reduce / prevent further hydromorphological changes

-Reduce / prevent further habitat fragmentation

-Improve biological water quality (phytoplankton, macrophytes, invertebrates and fish)

- Reduce / prevent hazardous substances pollution

Overall 

Objective 2: 

Sustainable and efficient water utilization for maintenance/control 

of Lake Prespa water level and groundwater table

Indicator Measurable and sustained water utilization

2a: Introduce water conservation and demand management:

- Irrigation abstraction

- Drinking water abstraction

- Abstraction of water for industry
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Programme of measures 

 in-depth expert investigation and study 
 All identified measures have been scrutinized and 

checked for environmental effectiveness, extent, 
contribution to specific objectives, cost (economic and 
financial) and social effects

Problem and GAP Analysis

 Problem Analysis  ← causes

 Gap analysis (current VS desired)

 In addition:

Legal framework & policies

Organizational setup & capacity

Management systems & procedures
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Programme of measuresThe measures are grouped as follows:

 water used for abstraction of drinking water (to improve the reliability and quality 

of drinking water)

 Measures for controlling the abstraction and impoundment of water

 for point source discharges and other activities which have an impact on the 

status of water

 to prevent or reduce the impact of accidental pollution incidents

 to reduce the priority substances (to eliminate the discharge of priority 

substances)

 for bodies of water unlikely to achieve good quality status (to improve HMWBs)

 to minimize irrigation water use and minimize pollution by

 For reducing adverse imapct of water

 Details of the supplementary measures identified as necessary in order to meet 

water quality environmental objectives (Eutrophication of Prespa Lake )

 Register of further detailed plans and programs for the Prespa Lake basin 

dealing with particular water issues

Programme of measures

45 measures identified...

Analyzed in detail for:

 Priority

 Responsible institution

 Schedule/duration of implementation

 Indicators

 Cost (CBA, NPV, cost-effectiveness…)

 Impact to waterbodies / ecosystems (Rivers, Lake, HMWB, 

Artificial , Wetlands, Groundwater, Terrestrial/natural Habitats)

 Expected effects (Nitrogen, Phosphorus, Physical Pressure, 

Natural Habitats, Priority substances, Water supply security, 

Harmful impacts of water, Other)
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Programme of measures –

prioritization - MCA
The 45 measures have been ranked and prioritized in accordance 

with the following: 

 Environmental effectiveness
 Legal requirement, and
 Multi-criteria analysis (MCA) score (highest score) according to 

the following criteria:
 Legal requirement 0-20 points
 Environmental extent 0-10 points
 Environmental effect 0-10 points
 Security & resources preservation 0-20 points
 Prevention of harmful impacts 0-5   

points
 Economic benefits 0-10 points
 Financial costs 0-10 points
 Social benefits 0-15 points

 Total 0-100 points

Technical ranking of measures
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Programme of measures – sensitivity analysis

Ranking of measures has been checked with different 
weights to particular criteria  

 Environmental (impact, extent, security or preservation 
of resource, protection from harmful effects of water)
 16/20.

 Socio-economic (economic benefit, financial costs, 
social benefits)
 10/20.

Based on the sensitivity analysis, it can be concluded that the proposed 
set of measures in Alternative 1 is robust and well balanced with the 
set of criteria & weights agreed with the stakeholders.
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Possible Implementation 
Strategies

Три (3) алтернативи...

 A ‘Business as Usual’  Strategy ,

 A Water Framework Directive Implementation 
Strategy in which all the 45 measures are 
implemented in full accordance with the WFD, 
ensuring the achievement of the environmental 
objectives.  

 A Realistic Implementation Strategy in which some of 
the above 45 measures are implemented based on the 
availability of economic resources, manpower and 
skills. → Prioritization

.

Programme of measures - prioritization
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Necessary preparatory measures

Based on the assessments described above and taking into  account 
the following factors: 
 the as yet insufficiently developed and inconsistent legal and regulatory 

framework;
 the lack of fully clarified roles and responsibilities in the organisational 

structure; and 
 the need to improve institutional capacity,

Prespa Lake Watershed Management Plan will be implemented on the 
basis of a two-tier strategy:
The first priority will be to implement measures that address the 
enabling environment—the institutional roles and management 
instruments – i.e. the preparatory measures.

1. While the legal and regulatory framework is being put into place and 
as the organisational structures and institutional capacities are 
developed, more technical measures will be implemented in a 
structured “learning-by-doing” process.

Necessary preparatory measures

The preparatory measures to be addressed in relation to the 
Macedonian context:

 The Enabling Environment

 Policies

 Legislative Framework

 Financing and Incentive Structure

 Institutional Roles

 Creating and Organisational Structure

 Building Institutional Capacity

 Management Instruments

 Social Change Instruments

 Regulatory Instruments

 Economic Instruments
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Possible Implementation Strategies

3 alternatives  (3 алтернативи)

 A ‘Business as Usual’  Strategy

 A Water Framework Directive Implementation 
Strategy in which all the 45 measures are implemented 
in full accordance with the WFD, ensuring the 
achievement of the environmental objectives.  

= 52 million €



 A Realistic Implementation Strategy in which some 
of the above 45 measures are implemented based on the 
availability of economic resources, manpower and skills. 

= 14.5 million €
.

Analysis of Alternative Implementation Strategies

Analysis of 
Alternative 

Implementation 
Strategies
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Effects – Environmental objectives

Environmental effects
Name Current

status

Action

?

Objectives Alternatives

Rivers HMWB & AWB “0”

No action

1

Realistic

2

Full WFD

Istocka 1 Good Good Good Good

Istocka 2 Bad Y Good Bad Moderate Good

Istocka 3 Poor Y Good Poor Moderate Good

Golema 1 Good Good Good Good

Golema 2 Moderate Y Good Moderate Good Good

Golema 3 Moderate Y Good Moderate Good Good

Golema 4 Moderate Y Good Moderate Good Good

Golema 5 Moderate Y Good Moderate Good Good

Golema 6 Bad Y Good potential Bad Moderate Good

Golema 7 Bad Y Good potential Bad Moderate Good

Golema 8 Poor Y Good potential Poor Moderate Good

Kurbinska Modeate Y Good Moderate Good Good

Kranska 1 High High High High

Kranska 2 Moderate Y Good Moderate Good Good

Brajcinska 1 High High High High

Brajcinska 2 Poor Y Good Poor Moderate Good

Lake Prespa Moderate Good Poor Good Good
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 ECONOMIC ANALYSIIS

 Cost-based valuation method –

based on the assumption that the cost of maintaining 
an environmental benefit is a reasonable estimate of 
its value.

 Necessity of Assessing Disproportionate Costs

an approach for determining whether the total costs of 
the programme of measures are disproportionately 
costly is relevant for justifying derogation.

 In a cost-effectiveness analysis, the costs of a particular environmental 
measure are expressed in monetary units, while the environmental effect

 of the measure is expressed in physical units such as the reduction in the 
number of tonnes of nitrogen or phosphorus loaded in the aquatic

 environment.

 The following assumptions were taken into account:
 A. The suggested measures are expected to be realized in the next 24 years, 

even though the period according to the ToR is 6 years. The period of 
realization is longer than the period in the ToR because there are a number 
of preconditions that need to be achieved in order for the measures to be 
realized.

 B. The expense of each measure has been estimated/calculated by the 
expert team. Each expense is increased for running costs. Direct costs
(made up of mainly financial and administrative costs) are included in all 
components of the economic assessment. Financial costs are the costs of 
providing and administering water services. Operating costs are all the costs 
incurred to keep an environmental facility running (e.g. material

 and staffing costs). The operating costs should take into account additional 
costs to ensure new capital investments. Maintenance costs are the costs of 
maintaining existing (or new) assets in good functioning order until the end 
of their useful life. Capital costs include new investments, the cost

 of new investment expenditures and associated costs (e.g. site preparation 
costs, start-up costs, legal fees). Associated costs are also substantial.

 For projections, the costs of new capital investments are spread over a 
number of years.
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 C. The discount rate used for the calculation of expenses is 6%. The 
factors taken into consideration in determining the discount rate include the 
following: the reference rate of the Central Bank of the Republic of 
Macedonia (4% at the moment of the determination of the discount rate); 
the annual rate of EURIBOR (2.14% at the moment of determining the 
discount rate); and the macroeconomic policy of the Republic of Macedonia, 
according to which the rate of inflation is expected
to be between 3% and 5% 

 D. The measures are divided into two groups.

 The first group of measures refers to water used for irrigation. The first 
group of users consists of farmers who will use the water for irrigation. In 
this group, one hectare of agriculture area is considered as
the cost unit. The total irrigation area is 4,000 hectares.

 The second group of measures refers to the treatment of wastewater. 
 The reason for this classification is to enable the distribution of the costs for 

the measures per unit.  The second group of users consists of the legal
 entities that will be included in the treatment of wastewater, in which group 

households and legal entities are considered as cost units. There are 4,000 
households and legal entities (companies and institutions) in the area.

 E. Two periods have been taken into consideration in 
determining the payback period: 40 years and 20 years. 

 In the first case, the expenses for the implementation of the 
measures are expected to be recovered over a longer period, 
i.e. 40 years, which represents the average useful life of the 
dam. 

 In the second case, if the measures are implemented by 
issuing concessions for operation of the dam or the 
establishment of PPP, the private investor is interested in 
recovering the investment in a shorter period and therefore 
the payback period is calculated as 20 years.

 F. The Annual Equivalent Cost (AEC) method allows for converting the Net 
Present Value (NPV) of a new capital expenditure into an annuity (or 
rental) which has the same value. This is done as follows:

 1. By listing all capital expenditures as they are incurred;
 2. By calculating the net present value of expenditures, using the chosen 

discount rate;
 3. By converting this net present value into an annual equivalent cost 

(AEC)
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Net present value (NPV) calculated for the 
two groups of measures f0r 2 alternatives

PoM – implementation schedule
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Additional -

GEOSPATIAL 
DATABASE and 
Map outputs

GEOSPATIAL DATABASE and 
Map outputs
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GIS - preparatory work
(scanning, gepreferencing, vectorization, basig geospatial 

analyses, creation attributive tables, 
Remote sensing analysis, , satellite image, aerial photoses, 

digitalization in GIS environment)

GIS/Database Achievements (part)

Developed more then 100 basic GIS layers –

created attribute database ready for modeling
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What is WBID 
(Water Body Identification card)

 For each water body is 
prepared ID card

 ID card contain all necessary 
information for each surface 
or ground water body.

- Geospatial information 

- Hydrology and 
Hydromorphology

- Water quality (biology or 
chemistry issues)

ID card - Pdf file

Hyperlink – GIS

Hyperlink - Web
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Content of ID card of surface water 
bodies (river, artificial water body, heavily modified 

water body)

 - Geographical features 
 - Hydrological characteristic: 
 - Land use

 - Typology system A 
 - Hydromorphological and morphological elements supporting  

the biological elements 
 - Typology system B – optional data
 - Connection with other water bodies

 - Quality elements – Rivers – Biological elements
 - Chemical and physicochemical elements supporting the 

biological elements - general
 - Chemical and physicochemical elements supporting the 

biological elements – specific pollutants

SWB – GOLEMA REKA 7

Figure 1-25. Golema Reka 7 sampling site.
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Geographical features:

Represent the River Golema Reka part after the HMWB in Resen city till the 

protected area “Ezerani”. 

Figure 1-26. Location of the water body

Figure 1-26. 
Location of the 

water body

Coordinates

X [m] Y [m] K [m asl]

Starting point 502293 4548917 880

Mean point 503317 4545530 869

Ending point 502717 4542042 855

Length of the water 

body: 8,034 km; 

Cumulative length: 

24,996 km

Hydrological characteristics:

Period 1961-2009Area Rainfall

Hydrological regime

Flow (m³/s)

Runoff 

module

F (km²) Рavg (mm) Qmax
year Qmean

year Qmin
year (l/s/km2)

170.30 691.15 40.6 1.070 0.020 6.28

Average Monthly Runoff Data [m3/s]

Water-body Golema 7, Period 1961-2009
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Land use

Code Land cover/use type Area [ha]

Cumulative

Area [ha]

311 Broad-leaved forest 2581,45 8615,60

242 Complex cultivation patterns 2165,40 3413,45

312 Coniferous forest 169,90 264,35

112 Discontinuous urban fabric 40,38 244,96

222 Fruit trees and berry plantations 101,11 174,78

121 Industrial or commercial units 1,36 23,09

411 Inland marshes 0,86 0,86

243

Land principally occupied by agriculture, with 

significant areas of natural vegetation 191,45 625,50

131 Mineral extraction sites 9,83 9,91

313 Mixed forest 495,27 703,48

321 Natural grasslands 69,55 207,70

211 Non-irrigated arable land 188,57 276,67

231 Pastures 471,28 767,47

324 Transitional woodland-shrub 659,71 1694,44

total 7146,15 17022,27

Typology 
system A:

Name Golema 7 

Eco-region 6

Altitude M

Size M

Geology S

Type 1a

Hydromorphological and morphological elements 

supporting the biological elements
hydrological regime Qmin 

year
=0.020 m

3
/s; Qmax 

year
=40.6 m

3
/s 

quantity and dynamics of water 

flow:  Qavg. 
year

=33705000 m
3
; Qavg. 

year
=1.070 m

3
/s 

connection to groundwater bodies  

river continuity 
There are no artificial barriers that are significantly 

affecting the continuity of flow. 

river depth and width variation H avg. =0.20 m-0.80 m, B avg.  =15.00-20.00 m 

structure and substrate of the river 

bed Artificial;  

structure of the riparian zone  Riparian vegetation >> wetland 
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Typology system B – optional data
1 distance from river source 24,996 km 

2 energy of flow  


 g

V

2

2

0.027 m 

3 mean water width  15 m 

4 mean water depth  0.4 m 

5 mean water slope  3.1 ‰ 

6 

form and shape of main river 

bed 

trapezoidal shape of cross-section  

with 1: m= 1: 1.5 

7 river discharge (flow) category  free water flow 

8 mean air temperature  9,26 

9 Precipitation  691,15  mm 

 

Connection with other water bodies

Rivers -

Lakes -

Wetlands Ezerani

HMWB Golema 6

Artificial water bodies Golema 8

Quality elements – Rivers –
Biological elements

1

Composition and abundance of 

algae

Ulnaria ulna, Fragilaria capucina, Meridion

circulare, Fragilaria pinnata, Navicula

phyllepta, Achnanthidium lanceolatum,

Amphora pediculus, Achnanthidium

jackii, Reimeria sinuata, Navicula

lanceolata, Surirella pinnata, Nitzschia

linearis, Nitzschia macedonica. Mass

development of the filamentous bottom

dwelling Pseudoanabaena limnetica.

2

Composition and abundance of 

benthic invertebrate fauna

Bithynia tentaculata; Bithynia leachii; 

Tubifex tubifex; Pentapedilum exectum; 

Chironomus riparius; Cricotopus  

bicinctus; Erpobdella octoculata 
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Chemical and physicochemical 
elements supporting the biological 

elements – general

1 Thermal conditions Normal

2 Oxygenation conditions Variable

3 Salinity Increased

4 Acidification status Alkaline variable

5 Nutrient conditions Increased

Chemical and physicochemical elements supporting 
the biological elements – specific pollutants

Pollution by all priority substances YES

Pollution by other substances (significant 

quantities) Yes 

Pollutant 1 Bis(2-Ethylhexyl)phthalate  

Pollutant 2 Alfa-HCH

Pollutant 3 4,4’-DDE

Pollutant 4 Al

Pollutant 5 Fe

Pollutant 6 Mn

Pollutant 7 Zn

Pollutant 8 Ni

Pollutant 9 Cu

Pollutant 10 As
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