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SUMMARY

INTRODUCTION

The report is to present tentatively the resultshef research on assessment possibilities of the
results of undertakings concerning preservatiothefcoastline against erosion. The research is of
methodical and testing character. At the preseagestthe results cannot constitute basis for
formulation for any practical recommendations. Ag tso-far made attempts in regard to the
coastline preservation in Poland (and also in maitiyer countries) lacked any systematic
evaluation of effectiveness, the results presebtddw should be considered as a premise for a
development of such methods in the future. Howeter,above statement does not mean that the
costs incurred have never been calculated angttantial losses have not been estimated, but the
element of the economic evaluation of the undengkiconcerning coastline preservation has not
constituted a basic criterion for taking them u@mbandoning them.

The research subjects are a stretch of the cod¢wal commune and the technical undertakings
attempted in the recent years to preserve the bhwios in Trzesacz against the collapse from a
high cliff. Firstly, the situation of the churchimg and the problem of their preservation have been
characterized. Subjects connected with the churcts in Trzesacz have been presented. Next, an
evaluation method, selected from those known in specialist literature, has been briefly
described. The selected method of “the multi-ci@enalysis” (MCA) was applied to evaluate six
potential variants of the ruins preservation. Thalgsis is ex-post and has no practical bearing as
the decision had been made and the investmentliesdig been carried out. However, it's essential
to compare the variant of abandoning all attempizréserve the coastline, with at least one variant
of acting on them.
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1. OVERVIEW OF COASTAL PROCESSES
1.1. Background

Trzesacz it is a small village at the seaside lepkmnRewal Community. The village has coast
almost one km long, but developed area at presastis about 400 m long. The area is located at
the top of 14 m high Pleistocene cliff. Parcelslaoated about 30-50 m form the range of the cliff.
Just at the range of cliff there are located raiinthe XIII century Gothic church (Fig.1).

1880 1903 1998
Fig 1. Ruins of XIII century church in Trzesacz.

Examinations concern the assessment of preservatfeats of church ruins in Trgacz (Rewal
community) there is undertaken in the case stulg.riiins are threatened by falling down from the
cliff as a result of progressing coastal erosidnislassumed the, although there is no direct
evidences, that the 13th century Gothic church alsl about 2 km away form the shoreline. The
assessed pace of moving back took the line oféheskore out in 1280-1880 years with the rate of
5 m per year, but in 1880-2005 years only withr@/§. According to historical data intense erosion
of the cliff caused gradual collapsing of the chu& little fragment of the south wall exists oreth
edge of the cliff scarcely at present. Value ofstheuins is resulting rather from their symbolic
meaning, than from aesthetic historical or religioadvantages. The Church in T8acz is a very
well known example of progressing erosion procegstdsn the last half century in Poland and is
often presented even in school textbooks. Fromrdason the town and ruins are being visited by
school trips as well as other people resting umimery attractive Rewal community and in
surroundings.

A speed of erosion is relatively slow at this pl@2 m/y and in 84/89 the ruins were protected by
seawall made by tetrapods and stones.
At present time a combined protection system wasddhe ruins were connected with the cliff
and the foot of the cliff was protected by 90 mgmeawall made by gabions (sea photo at cover
page and at Fig.7).
The goals of this case study are:

- to predict erosion of the Trzesacz coast and gwnomic results

- to compare the situation presented above to aitasetection would be not done and the

ruins would be moved to safety place

Two variants of ruins protection were being consdeaccording to the opinion of the Maritime
Office in Szczecin.

The first one suggests continuing protection of the cliffwthe use of a new, combined system.
The secondone proposes moving the ruins into new safetytioca

Both variants were revised and due to lower asdesssts the first option was approved. Direct
costs of the preservation of the bank was estimatteéde cost of 2.5mIn PLN and planed costs of
moving ruins, estimated by specialist company redcthe range of 12.5 to 25 million PLN,
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depending on the chosen technique of moving. Howegeextra expenditure or possible benefits
from both variants were being considered.

The Polish coast is basically consist of soft rockdudes Pleistocene glacial deposits and recent
alluvial and littoral zone Holocene sediments.Ha general division of the area coastal zone there
are two types of coast: a cliff coast consists tHidtocene deposits, and a barrier-dune coast
consists of Holocene deposits. The cliff coastlmarfiound in places where morainic plateaux come
directly to the shoreline. A barrier-dune coast iegeloped where lowland meet the sea. There are
two types of the coast: cliff coast and dune ctasdted at the study area. Their distributions @lon
the coast are presented at Fig.2.

Fig 2. Distribution of coast types at the studyaare

Atmospheric circulation create winds regime of euthern Baltic area. The superposition
brings about the predominance of SW and W diresti@ig.3a), throughout the year and in most
months, with the exception of spring. The perceataf situation with wind above 6 degrees
Beaufort is highest in the period from October tarbh, and exceeds 15-20% in particular months.
In the coastal zone, the highest mean monthly veipeeds (5 - 7 i3 from NW, W and SW
directions are characteristic for the autumn-wintemths, whereas the lowest are recorded from
May to August (2,5 - 3,5 i3 from NW, W and SW direction@EIDLER, 1992), when the Baltic
Sea basin is characterised by weak pressure gtadi€he autumn-winter season contains the
greatest number of days with strong winds (morenisitve cyclonic circulation, westerly on the
Polish coast). In the coastal waters, the cassgr@figer winds are more frequent than on land and
reach 20-25%. On a base of wind rose for the Pamerday the wave climate rose was calculated
by ZEIDLER (1992) and was presented at Fig.3b.
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Fig.3. a) Wind rose foe Pomeranian Bay coast.
b) Wave roeethe Pomeranian Bay coast:
(1) O<H<@#; (2) 26<H<50 cm;
(3) 51<H38icm; (4) H>101 cm.
from ZEIBR R.B. et al.,1992.

Longshore currents depend of wind direction andengimate. They are observed in both east
and west directions, but most of them have westctlon. It means, that longshore transport
predominate in to west direction at this sectiothefcoast (MUSIELAK et al.1999).

Generally an erosion of the coast is observedeasthdy area, but in some places we can find
also stable area. An annual rate of coastal chawgsscalculated on a base of comparison aerial
photograph’s taken in about 40 years interval affigld observation taken between 1996 - 1999.
The spatial structure of the erosion was done bySMBUAK at al. (1999) and is presented on the
Fig.4.

There is collected information about spatial lomatof urban area also. At the study area there
is located community Rewal. His municipalities &veated just at the coast and could be affected
by coastal erosion. In the Rewal community theeefiae villages: Pobierowo, Pustkowo, Trzesacz,
Niechorze, Pogorzelica and Rewal. All of them arastal towns or villages, which became holiday
resorts in the twenties of the™@entury. Economy of the municipalities is closebnnected with
resting, tourism and fishing.

Various methods of coastal protection were usettiatarea. Their location and construction
periods are presented at diagram on the Fig. 5.

Effectiveness of the protection is very variouse Thost effective methods are very expensive
like heavy seawall used for protection of the lighise in Niechorze and combined seawall in
Rewal-Sliwin. They stopped erosion, but in fronttbé seawall in Niechorze there is almost no
beach and strong link side effect. In front of cameld seawall in Rewal-Sliwin there is very narrow
beach and strong link side effect. Conservatioh lbbthem is very expensive.
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Fig.4. Spatial structure of the erosion

Fig.5. Methods of coastal protection at the stugyaa
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1.2. Active processes and future development.

A coast of the Rewal Community is approximatelaistand exposed to NNW.

The coast of Trzesacz consists of Pleistocenealldeposits. It was relatively stable coast with
small annual erosion rate. On a base of Dudzin2Ra€) investigation we can define an erosion
rate measured form air photographs taken in 19913 hnd 1996. Results are presented at Fig. 6
(after Dudzinska 2006). It is interesting thathe period of time 1951-1973 the erosion rate mainly
not exceed 0,10 m/year, but in the period of ti@&3t1996 was bigger than 0,2 m/year. In the
period 1984-1989 the ruins were protected by sddwdtl by tetrapods and stones. There is visible
some asymmetry of erosion rate at the both sidédseothurch. The western side is more stable than
eastern and the erosion rate is smaller at thersesite.

Fig 6. Diagram of the erosion rate in m/y (clifbtdine changes) at two periods of time
(51-73 and 73-96) in Trzesacz. (Dudzinska 2006)
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At the summer 2005 the protection system in Trzesas finished.

Fig. 7. Combined protection system in Trzesacz 2{®¥%ot. J.Stodolny].
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Fig 8. IKONOS image of Trzesacz taken in 2002; (Einska 2006)
Consists of two lines: cliff foot line #996 (red) and cliff foot line in 1973 (green).

Fig. 9. Area of investigation divided for sectiansptions: 1 and 2.
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It consists of connecting the ruins with the saoafrphe cliff and a seawall made by gabions at the
foot of the cliff protecting the scarp of the cliff length of the seawall is about 90 m. The priztec
scarp of the cliff was cover by mate suitable fegetation.
This kind of protection will generate a “link siédéfect” in both sides of the seawall make erosion
of the coast a bit faster.
There were taken two options of activity:

- to continue the process of protection

- not to protect the coast and move ruins to safleiyep

1.2.1. To continue the process of protection (Optib).

In case of holding the current state, coast willebeded. The erosion will intensify by activity of
gabion seawall - protecting the Trzesacz Churchigisr and tetrapods seawall — securing
emergency way to the beach. Both seawalls will eansreased erosion in the neighborhood of
them, especially from the east side.

It was adopted, that:
Section of the coast that is protected by 115 ng Iseawall will not be affected by
erosion;
Coastal erosion rate will be similar to the ratsasfved in 1973-96, because in this time
tetrapods’ seawall already protected cliff with thens (since 1986) and it significantly
affected size of erosion in the neighbourhood @& tonstruction.

To assign particular section of the coast and tatleiempo of changes the diagram of cliff foot
line (fig.10.) position changes in period of tim@87B-96 was analyzed. There were eliminated 4

sections of the coast with different rate of ernsidhe length of these sections was: 405m, 115m
[section protected by seawall], 200m and 300m.

Fig. 10. Changes of cliff foot line in Trgacz in years 1951-73 in 1973-96 [m].
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In this scenario (option 1) two variants were dgsmd: optimistic and pessimistic. For the
optimistic one the erosion rate in the section 1 was asstionés highest level and for years 1973-
96 it will be rated as a value of 0,3 ml/y.

Tab. 1. Coastal erosion rate [m/y] in scenario Wlassume in protection the shore with seawall

section 1 seawall section 2 section 3
405m 120m 100m 300mm
Optimistic variant 0,3 mly 0 0,2 mly 0,25 mly
Pessimistic variant 0,6 mly 0 0,3 mly 0,4 mly

For thepessimisticvariant values of erosion used for calculationev&ken in another area. The
used rate was noted in Rewal close to, 300 m lerigting since year 1993 defense system of a
cliff shore. Those values can be used since thibggof those two areas is very similar.

Based on the analysis of graph presenting chanigeldfdoot line in Rewal in a period 1973-96
(fig.11.) it was assumed that effect of a seawalliz sacz will correspond to a lowest erosion rate
in a neighbor defense system in Rewal and will valae of 0,6 m/y. In section two on a western
side of a construction in an optimistic varianteaerage pace in year 1973-93 which is 0,2 m/y was
used for calculations. In a pessimistic varianttfos section a maximum value, which is 0,3 m/y,
form the same period was used. In a third sectiavas not possible to take into consideration a
defense system constructed in year 2003 to prdtecttechnical and emergency exit. In that
situation an erosion rate was assumed with theevall®,25m/y for a optimistic variant (an average
pace in year 1973-96) and 0,4 m/y (optimistic rateeased by 30%).
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Fig. 11.Changes of cliff foot line position in Rdwia time periods: 1951-73 and 1973-96 [in
m/year].

Following assumptions were adopted for this option:

erosion pace in the next years will be the samenagear 1973-96 and no
information about see level rise and higher stoctivily will be included,
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erosion rate of areas that are impacted by seawialbe an indirect value noted
between seawall and defense system in cliff aréeinal,

erosion rate noted after an impact of a defenstsysonstructed to protect the
technical and emergency exit

1.2.2. Not to protect the coast and move ruinsafesy place (Option 2).

If there will be no defence and the ruins will bevad to a different location it is supposed that
the natural erosion, not disturbed by any defengklings will occur just like it happened in a
period 1951-1973. In order to describe its charaatel scale a graph of cliff foot line changes
for this period was investigated. The results waesented on a three different parcels which
vary from each other with the rate of erosion amtley were described as sections with
respective lengths of 280m, 340m and 300m.

In the option 2, optimistic and pessimistic varsantere taken under consideration. In optimistic
variant a value of annual rate of erosion will lmpia@ of average value in each section of the
coast in the period of time 1951-73 (Fig. 11). ksgmistic variant a value of annual rate of
erosion will be equal of maximum value in each isexcof the coast in the period of time 1951-

73 (Fig. 11). The values of the predicted annu o erosion there are in tab. 2 for each section
and both variants.

Tab. 2. Coastal erosion rate [m/y] in scenariorfimve the ruins”

section 1 section 2 section 3
280m 340m 300m
Optimistic variant 0,2 mly 0,1 mly 0,15 mly
Pessimistic variant 0,35 mly 0,2 mly 0,2 mly

Following assumptions were adopted for this option:
erosion pace in the next years will be the samenagear 1951-73 and no
information about see level rise and higher stoctividy will be included,
an impact of a defense system constructed to prtitedechnical and emergency
exit will have no additional impact to erosion.
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2. VALUES AFFECTED BY COASTAL PROCESSES AND IDENTIF ICATION OF
STAKEHOLDERS

Subjects Connected with the Church Ruins in Trzesac

Even though the church ruins in Trzesacz are kniovfoland, few private and public subjects are
realistically interested in their preservation. Tihggest subject is the so-called general public, a
those Polish citizens that would negatively peredgotal destruction and disappearance of the ruins
as a result of the coastline erosion. It is ditfido estimate how big the group is, but it can be
assumed that the public opinion organized by thelianevould condemn passiveness of the
authorities in that respect. The authorities regaméag local community of Trzesacz, Rewal
commune and indirectly the whole region of Westeomerania speak on behalf of that group.
They demand preservation of the ruins due to th@mbolic, educational and tourist values. The
owners and employers of a few shops and stallslacevitally, but indirectly interested in further
existence of the ruins. Souvenir business is sehsoray relocate easily and most of the offered
products are not related to the church ruins. Hacpdemand for souvenirs, drinks and snacks in
Trzesacz itself and in the whole of the communéigh and increasing depending mainly on
weather, preferences and wealth of tourists. FeiMaritime Office representing public interest in
the coastal belt, the most important statutory tagk maintain the coastline and protect the coast
against erosion. Some owners of tourist accommaulair shops located nearby the church ruins
may feel threatened by erosion as well. It is girtinterest to maintain the shoreline and protieet
shore, rather than preserve the church ruins.

3. ALTERNATIVES FOR SOLVING THE PROBLEM

Strategy is: a limited protection (to protect thes).

There were presented 7 alternative solutions irtibtiteria Analysis.

Two of them were studied in details of the coastabkion and land value lost presented in
Appendix.

4. SOCIO-ECONOMIC STUDY

4.1.Socio-economic description of the Rewal Communi ty

Area
There are seven villages in the commune Rewal:dPolwb, Pustkowo, Trsacz, Rewal,
liwin, Niechorze, Pogorzelica. The biggest are Paiwo and Niechorze. All of them are coastal
villages, which became holiday resorts in the tie=nof the 19 century.

Population

The number of total resident population of the camenRewalis 3353 (31.12.2001). In
1900 the village Rewdin that time German) had 144 inhabitants. The nfeitor of demographic
growth was sea-side recreation. In 1896 a narrawggaailway was built what increased the
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attractiveness of Rewal and the number of visittwsthe thirties of the 2B century one could
achieve Rewal from Berlin in 6 hours. Today Revgahot easy to achieve from the main urban
centers of Poland. There is only one good road ection with the transport node of Szczecin (ca
100 km). This road is frequently congested and demgs in summertime. There are also public
inter-city busses from Szczecin to Rewal. Generalhe area is badly connected with the
hinterland, especially for non-motorized visitors.

The total area of the whole commune Rewal amouhi8 4a. The population density is 82
persons per sq. km. The seasonal population (imsrjrachieves 26 thousands.
In the last time the population grew from 3138 89@ to 3353 in 2001. It is mainly because of
immigration from the cities. Newcomers are wealffgople investing in summerhouses and in
tourist business. Some of them spend in Rewal safgmertime, earning enough money for the
whole year. The commune Rewal is rural. The nunabdlats grew in the years 1996-2001 from
935 to0 1011 (108 %). Yearly in the commune has leeastructed ca 7500 sq. m of new flats. Most
of them are in fact second houses, pensions oateriodgings. The local inhabitants try to extend
their houses to get room for tourists’ beds or ating-house. It makes an additional source of
income. The rentability of the tourists businessPatish coast depends on weather conditions. By
“bad summer” they may be very poor and negativeffluence local businesses and commune’s
budget. The population structure by age and sexpgimthe commune Rewal is shown on the table
3.

Age / sex Males Females Total

Children and youth <18 403 25,006393 | 23,2% 796 | 24,1%
Working population 18-60/65| 1089 67,694003| 59,3%| 2092 | 63,3%
Older people >60/65 120 7,4% 297 17,5917 | 12,6%

Tab.3. Total population in the communevRIeby age and sex group (1999).

Typical for the coastal non-urban areas is the datron of females in the age group over
60/65 years. Males dominate under children, youtd aorking population. The forecasted
population trend shows the decline of both young @ahult age group and growth of the old people

group.

Economy and Employment

Principal activity in the coastal zone, as showava)) is tourism and tourist services. This is
a very long tradition of Rewal. It belongs to tHdest seaside resorts on the Baltic. Agriculturé an
forestry play the secondary role in the communeer@&tare only ca 800 ha of arable land in the
commune Rewal. The coastal and Baltic fishery itafb suffers several damages because of
unfavorable economic circumstances and the laghubfic financial support. Some of fishermen
are offering sea trips and sea-angling for tourists
The income per head in the west Pomeranian reggsnuinder below the national average. The
coastal communes are relatively rich as compardid the region. An unknown part of the locally
earned income is transferred to other places, wtherewners of businesses live. Despite of this the
coastal communes are able to invest substantiahsn@athe municipal and tourist infrastructure,
like roads, sewage systems, street lighting, béaglities.
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Estimated total employment
Sector of employment Persons %

Yearlong| Seasondl YearlongSeasona
Agriculture, forestry 220 220 18,4 8,0
Fishery 8( 80 6,6 2,9
Manufacturing and construction 250 250 20,9 9,1
Transportation, communication 50 50 4,1 1,8
Wholesale, retail trade 100 600 8,3 21,8
Hotels, restaurants 150 1200 12,5 43,7
Business services 70 70 5,8 2,5
Education, health services, 280 280 23,4 10,2
administration
Total 1200 2750 100,0 100,0

Tab.4. Yearlong and seasonal employment in the aomerRewal (1999/2000) by sectors.

The number of jobs in the study area can be oriynated because of the lack of accurate
statistical data. The result of this estimationsi®wn on the Table 4. There are about twelve
hundred workplaces in the commune Rewal duringwthele year. Most of them are communal
services (education, health, administration; 23} % the manufacturing and construction (20,9
%). In agriculture are still more than 200 work@ac18,4 %). Fishery plays secondary role in the
economic base of Rewal — creating only 80 work@g@e6 %). In summer (July and August) the
employment grows to 2750 workplaces. The touriggrded sector dominates. In this time in retail
trade, hotels and restaurants works ca 1800 pertamakes 56 % of the seasonal employment in
Rewal.

The main economic sector in the commune Rewal esetdurist services. There are no
promising perspectives for fishing or other maranented activities. Beaches are also essential for
the economic existence of the whole community.h&t tmoment there is no chance for alternative
factor of development.

As shown above, tourism and recreation (sun, sewl)ss the leading economic function of
both communes. The potential of this sector is show Table 5. One can see that the recreational
potential of the commune Rewal is rather seasonal.

Hotels and other facilities Objec % Beds Accommodations
earlong| Seasonal

Hotels 1 28 28 1 665
Pensions ) 21 332 12 912
Youth hostels 2 60 179 16 722
Holiday camps 93 1224, 11 929 776 634
Youth camps 23 82 4844 253 864
Camping, caravan and 29 - 3638 113118
camping sites

Private lodgings 60 - 1076 390 897
Sanatoriums 1 248 284 540 858
Total 218 1663 22310 2 106 672

Table 5. Tourist sector in the commune Rewal (1898 2003).
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Potentially, the health services will be importé&umction in the future. There are yearlong
and oriented not so much on sun, sea and sand. khach important is the marine climate and
landscape, comfortable accessibility, good acconatima, and cultural offer. Another future
function is yachting and other water sports. Thenaed for health services and water sports
services will grow after joining the EU by Poland.

Development problems

The main problem for the whole coastal zone in Rbls the progressive sprawl of built-up
areas. The local physical plans are not enougltteféeinstruments to stop this process. The land
owners want to maximize their income by sellingdan investing in accommodation facilities. The
local governments are also trying to maximize tlieidirect) tax revenues from tourist services. In
Polish tax system these revenues are the only esdardnvestment in infrastructure. One the one
hand the local governments are obliged to proteeirenment and reasonably manage the coast.
On the other hand they are looking for additionatidget revenues and new workplaces. In such
situation a long-term, sustainable policy is veaychto achieve.

Expanding settlements, especially on the areasngeded by erosion, create source for several
local conflicts. Some on these settlements aregit hisk. So, the owners and local government
support every technical measure which can probectoast at the moment and in the next future. It
is understandable because the erosion of beachgsinazrmine the economic existence of the
commune. The heavy technical constructions pratgdine beaches reduce the attractiveness of
beaches and whole seaside resorts. Another prablégra high cost of such constructions.

4.2. Multicriteria analysis

Multi-criteria Assessment Method of the Results oPreservation

Among numerous assessment methods of the econesuits of investment activities are three
basic groups (Persson 2005):

- Cost-Benefit Analysis (CBA) Methods
- Cost Effectiveness Analysis (CEA) Methods
- Multi-Criteria Analysis (MCA) Methods.

The first two methods, the most precise ones, regiie data concerning the value of costs and
benefits in monetary units. Unfortunately, in caséhe church ruins in Trzesacz such data was not
available. Therefore, a method of a multi-criterealysis, designed especially for that purpose, was
applied (Tab. 6).

All the evaluation methods of the activities resutionsist in carrying out evaluation of their
different variants (including the so-called zergigat, meaning abandonment of actions) using the
same criteria. After calculating the value indicatoeflecting the evaluation, variants are ranked
from the best to the worst one. Based on thagxaanteevaluation(i.e. selection of a variant to be
realized) or amid-term evaluation (i.e. modification of the project inogress), or arex-post
evaluation (i.e. comparison of the results andizaaibn of the project with the assumed goals) can
be made. CBA and CEA methods are of clear econammécacter, they use monetary units of
evaluation and criteria of the highest effectivenekthe expenditureshe highesincome growth
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or lowest costHowever, such analyses disregard ecological, sauidl cultural results, which
cannot be expresses in monetary units.

The essence of a multi-criteria analysis is appboaof various evaluation criteria of individual
variants. The evaluation units are points, allatatethe possibly least arbitrary way. Those points
substitute monetary units in evaluation of the exjiteires and results, i.e. benefits and losses
related to the evaluated undertaking. Owing to faet benefits and losses, which are difficult to
measure in money, may be included in a more obgctissessment based on quantitative
indicators. It is crucial so that a number of geahpoints correspond with the importance of a
specific criterion for a synthetic assessment. Targntee that, weighing points granted to
individual criteria is applied. Each and every titheugh, it is a controversial step making thelfina
evaluation more difficult as a result. In ordemtake scoring correspond with the importance of a
criterion for an evaluation, it is enough to loveenumber of maximally allocated points. However,
the general rule should be the application of eqoafing for all the partial criteria.

Applying MCA method to evaluate the economic resuolt the preservation of the church ruins in
Trzesacz, the criteria were divided into two bagmups: value of costs (expenditures) and value of
benefits and losses (Tab.7). On the part of chseetpartial criteria were assumed, and on the part
of benefits and loses — 13 criteria. Among critéoiaevaluation of benefits and losses three areas
were singled out: real estate/property value, ssarand recreation related issues and other results
as a complementary sphere.

Criteria for evaluation of the costs value include:
- investments, i.e. expenditures for building insti#tins and facilities related to a specific
- variant of preservation,
- maintenance, i.e. running costs for the operatr@hraaintenance of the
- installations and facilities related to a specifaciant of preservation,
- operation/use, i.e. other expenditures relatedsjoegific variant of preservation.
Criteria for evaluation of the value of benefitgldasses in the management include:
- real estate value of the church ruins,
- value of the buildings on ground neighboring tharch ruins,
- value of the technical infrastructure on the groneajhboring the church ruins,
- value of the land neighboring the church ruins,
- cultural value of the ruins.

Criteria for the evaluation of the value of bereeind losses in the sphere of tourism and recreatio
include:

- cultural value of the church ruins and its diregighborhood,

- number of people visiting the church ruins,

- scenic value of the church ruins and its directjnieorhood,

- practical use of the vicinity of the church ruis paragliding,

- access from Trzesacz to the beach at the fooeathhrch ruins,
- the width of the beach at the foot of the churaghsu
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Complementary criteria for the evaluation of othenefits and losses include:
- scale of side effects of the shore erosion,
- actions preventing shore erosion,
- effects for the environment in the direct vicinfthe ruins.

Individual criteria were assigned to points rangiram O to 3, in accordance with the observed or
expected changes in the phenomena and processeibeedy them (Tab.8).

Only the criteria of the evaluation of other effegtere assigned 0 or 1 point, as they constitute a
complementary component of the evaluation. Thesrfddowed in assigning points are presented
in Table 3. For expenditures a bigger number ohtsomean higher expenditures. Points assigned
to criteria for evaluation of expenditures, valdethe real estate, tourism and recreation and other
results are the so-called stimulants. That meaasttite higher number of points equals a more
positive assessment of the potential changes dfiem@nenon and of a process assumed as a
criterion. For instance, if an increase in valuetlod real estate on the ground neighboring the
church ruins in Trzesacz is expected due to aniggiian of a specific variant of preservation, a
number of granted points is 3. If changes are rRpeeted to occur — 2 points are granted. Loss of
value generates 1 point. A total loss of a propegyals O points.

Obviously, such conduct may raise doubts as faragortion of scoring to changes in value of a
real estate is concerned. However, if applied ctestly for all the criteria and to evaluate ak th
variants, it may be assumed that the potentiaimasé errors lead both to making the scoring as
much higher as lower, in order to neutralize eatleroin the end.

Points granted to each of the variants were addmahg partial evaluations. For the specific
spheres of evaluation they are included in the s@spfollows:

- costs (C) — from 1 to 9 poirits

- property value (PV) — from 0 to 12 points

- tourism and recreation (T&R) — from 0O to 18 points
- other results (OR) — from 0 to 3 points.

Points granted to specific criteria served the psepof calculating four indexes of a final
assessment of specific variants, calculated acogtdi the below presented formulas (Tab.9).

Sum of partial assessmentSPA=PV+T&R+OR-C+9, where:
C - value of costs in points
PV - property value in points
T&R - results for tourism and recreation in points
OE - other results in points.

It is the simplest indicator, expenditures are sadded from the sum of benefits, assuming the
relation of importance among the specific critagfollows: C-3, PV-4, T&R- 6, OR - 1. SPA is
theoretically included within the range betweem @1 points.

! It has been assumed that independently fromeateel variant there will always be some costs (enigimal ones),
which means that value 0 in the criterion ‘openafize’ does not exist.
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Weighted sum of partial assessment¢/SPA=100x (PV/12 + T&R/18 + OR/3-C/9) +100.In that
indicator expenditures are also subtracted fromstima of benefits, but it is assumed that all the
criteria weigh equally. WSPA is theoretically indkd in the range between 0 to 400 points.

Cost effectiveness indicatoCEI = (PV+T&R+OR)/C.

This indicator shows how much benefit an expenditunit, assuming that the relation of
importance between individual criteria is, bringsC-3, PV-4, T&R- 6, OR-1. CEl is theoretically
included in the range from O to 33 points.

Weighted cost effectiveness indicatoWCEI= (PV/12+T&R/18+0R/3) / C/9.

This indicator also shows how much benefit is bhdump by an expenditure unit, but on the
assumption that all the criteria weigh equally. W@&Etheoretically included in the range between
0 to 27 points.

Values of indicators served the purpose of rankiregevaluated variants from the point of view of
the benefits or the most positive ratio of bendftsosts. Based on that qualitative assumption of
the executed variant has been made and the bestrpaéon variants for the church ruins in
Trzesacz have been selected. Indicator CEl is & orucial one. Others are supplementary. They
serve the purpose of verifying whether the assumeidhts of meaning of criteria do not disturb
the assumption essentially. As the expression sfscm point may raise objections, effectiveness
indicators CElI and WCEI have to be compared with thdicators of the sums of partial
assessments SPA and WSPA.

The Assessed Variants of Protection

There were different possibilities of protecting tthurch ruins in Trzesacz from collapse due to the
continuous erosion of the coastline. The Maritinféd® in cooperation with the local authorities
agreed upon the above variant of protection bydmgl a permanent seawall. While taking up an
evaluation of the potential effect of such actisix, possible variantavere assumed. Consequently
they became the subject to an assessment accooding above presented procedure.

Variant 0- do nothing/no action

That variant assumes that despite the threat nonactvere undertaken, which sooner or later
would bring about the collapse of the ruins dowe tiff slope. However, there will be no
investment expenditures, nor costs related to tlantenance of the new facilities and the
operational running costs, i.e. a routine protectbthe coastline is therefore minimal.

Variant 1- Maintain

That variant has been executed. The ruins wereca@dhn the ground and at the foot of the cliff a
cladding seawall, 9 meters broad and 90 meters \wagbuilt of Kardzis pyramids and a row of
tetrapodslaid directly on the fagot at the foot of the clik mat allowing for greenery growth

2 Prof. drin. US Kazimierz Furmaczyk took an active part in the discussions onvéréants and introduced many
precious comments and ideas.
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strengthened the cliff slope. The cost of investsid not exceed 2,5 ml PLN. It was partly
covered by the local authorities of Rewal commune.

Variant 2 — Relocation of the Ruins

This variant relies on dismantlement of the chutghs and re-assembling it again in a place not
too distant from its original location, but saferfr erosion.

The reconstructed ruins could be accompanied hyilditbhg housing an educational institution (e.g.
a coastline museum). That variant was consideretheyMaritime Office in Szczecin, but was
rejected due to a high investment cost, estimaied2,5 to 25 million PLN.

Variant 3 — Pier Construction/ Platform

That variant assumes building of a platform/piecheored deep in the ground, on which the ruins
could be placed in their present condition. Thest@auld still be subject to further erosion, cliff
could subside, but the ruins would be safe. Thersecruins could be accompanied by a building
housing an educational institution (e.g. a coasthmuseum). The advantage of that variant is its
demonstrative effect and the disadvantage is ad¢oghof realization. A detailed assessment of that
cost has never been looked into.

Variant 4 — Mark the Position

This variant assumes abandoning coastline proteeina allowing for the collapse of the ruins due
to the coast erosion. Therefore, it could be cotateavith variant no 2. The location of an old
church would be marked with a column or a maseven a special construction.

Variant 5 — Beach Nourishment

This variant assumes intensive and systematidaatifbeach nourishment at the foot of the cliff,
where the church ruins are located in Trzesaczolild limit coast erosion and the ruins would not
be endangered by collapse. This variant can baeapilthe present methods fail to work or their
side effects require further intervention. Whaespecially meant here is heightened erosion at the
coastal stretches neighboring the protected cliffi whe church ruins.

Variant 6 - Extending Seawall

This complementary variant assumes extension cdltieady built seawall in order to limit the side
effects of the coast erosions at those stretcheshwdirectly neighbor the protected cliff with the
church ruins.

Partial Assessments of Variants of Protection

The above variants of protective activities under@st partial multi-criteria assessments. The
results of scoring are presented in Tab. 9. Seen the point of view of costs, variant 3 is the mos
costly one, while variant 0 — the abandonment ¢ibas/ do nothing—is the least expensive one.
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Marking the position as in variant 4 also costi#elitUnfortunately however, both variants equal to
consenting the ruins collapse. The executed vatiantharacterized by average costs.

Variants 2 and 3, which obtained the maximum nundigroints, stand out positively, seen from
the point of view of changes in property value agsult of realization of the specific variants of
protection. It is a result of big investments ire taccompanying infrastructure, which would
contribute to the value increase of the plots anddimg around the protected ruins. Doing
nothing/the abandonment of protective actions orking the position (variant 0 and 4) will not
bring about any improvement in that respect. Theceted variant 1 is characterized by an average
increase of property value.

Benefits and losses in the area of tourism anceation constitute, apart from expenditures, the
most important set of criteria of a partial asses#nof variants. In that respect the biggest number
of points was obtained by variant3, i.e. buildingiar construction (platform) and accompanying
facilities. Variant 2 and 5 were evaluated as notimworse. Variant 5 mean beach nourishment. If
there would be a broad, permanent beach with @ to the ruins, the tourist attractiveness of the
resort and the whole Rewal commune would increassiderably. Lack of any action is the worst
solution for the tourism value of Trzesacz. Theoexed variant 1 is characterized by an average
increase of tourist attractiveness.

The evaluation of other results is only supplemsnéand refers mainly to the beach. Variants 5
and 6 may bring about the biggest number of negatide effects, as they interfere in the coastal
ecosystem most. Variants 0, 2 and 4 do not havegative impact. The executed variant 1 is
characterized by average values of negative sigetsf It has to be taken into account that erosion
may intensify at the neighboring stretches of teadh and the necessity of undertaking further
protective actions interfering in the ecosystemnr(pare Basinski 2005).

The above partial assessments served the purpasavaihg up a complex evaluation according to
four indicators: SPA, WSPA, CEIl and WCEI.
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Tab. 6. Comparison of different methods used for assessment of undertaking investment.

Units of valuation
Assessment .
Method Criterion Capital Effects
expenditure Economic Ecological Social and Cultural
Economic
CBA effectiveness / Money units Money units Money units Money units
prosperity growth
CEA The lowest costs Money units Money units
MCA Multicriteria Points Points Points Points

Source: Persson Mats, 2005, Socio-economic methods for evaluating decisions in
State-of-the-art , MESSINA Project, Component 3, Lund University, Lu

nd.

coastal erosion management —

Tab. 7 Assessment scales of costs, benefits and losses caused by the protection of Church Ruins in Trzesacz (Poland)

Costs

Assessment

Cost level estimation

Potential sourieancing

Score points

]

0
1
2
3

no

low
medium
high

<1 min PLN
1 to 10 min PLN
> 10 min PLN

Commune, small private investor
Maritime Office, regionaithority, medium private investor
State, big private investor

Benefits and lo

SSES

Score pointg

5 Property value:

0
1
2
3

loss
decline

no change
growth

Score pointg

5 Tourism and recreation:

0
1
2
3

loss
decline

no change
growth

Score points

5 Other effects:

0
1

negative
no
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Tab. 8 Elements of partial assessments of different methods of the protection of Church Ruins in Trzesacz (Poland)

Effects

Variant 0

Variant 1

Variant 2

Variant 3

Variant 4

\V ariant5

Variant 6

Do nothing

Maintain

Relocation

Pier
construction

Mark the
position

Beach
nourishment

Extending
seawall

Costs

Score range 0-9

Investment

Maintenance

Operational costs

PARTIAL ASSESSMENT

|k |O |O

gl NN

» P |O W

~N NN W

SR P TSN TSN

gl = NN

N NN

Benefits and losses

Property value

Score range 0-12

Church

Houses

Infrastructure

Open land

W W W w

W W W w

PARTIAL ASSESSMENT

w |k [k |~ o

o IN N NN

w |k [k |~ |o

o IN N NN

o IN N NN

Tourism and recreation

Score range 0-18

Heritage

Number of visitors

Visual impact on landscape

Paragliding

Accessibility of beach

Width of beach

ROIN N (NN N

NN N (P (W (W

NN N (W[ (W

w NN (NN N

PARTIAL ASSESSMENT

~N NN N (- (O |O

11

13

15

© NN W [k [k |O

13

© 1O |IN N [k NN

Olther effects

Score range 0-3

Side effects Erosion

Preventive measures

Environmental effects

PARTIAL ASSESSMENT

o |O |O |Oo

N |O | |-

o |O |O |Oo

N |k | |O

o |O |O |Oo

[N P TSN T

[N P TSN T
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Tab. 9 Complex assessment of different methods of the protection of Church Ruins in Trzesacz (Poland)

Variant 0 Variant 1 Variant 2 Variant 3 Variant 4 V ariant 5 Variant 6
Indicators and ranks : . . Pier Mark the Beach Extending
Do nothing Maintain Relocation . o )
construction position nourishment seawall
Sum of partial assessments (SPA) 21 24 33 30 21 25 20
RANK OF VARIANT 50r6 4 1 2 50r6 3 7
Weighted sum of partial assessments (WSPA) 253 206 328 239 242 183 150
RANK OF VARIANT 2 5 1 4 3 6 7
Cost effectiveness indicator (CEI) 13,0 4,0 7,0 4,0 5,0 4,2 2,8
RANK OF VARIANT 1 50r6 2 50r6 3 4 7
Weighted cost effectiveness indicator (WCEI) 18,2 3,6 7,6 3,4 6,5 3,1 2,2
RANK OF VARIANT 1 4 2 5 3 6 7

Tab.10 Loss of value of land in the Rewal commune in 1000 PLN as a result of coastal erosion of individual segments of the coast according to
different scenarios and variants of the coastal preservation after 20, 50 and 100 years

Coastal protection means Pessimistic scenario Optimistic scenario
20 years 50 years 100 years 20 years 50 years g68rs
Limited protection
segment 1 985238 2464292 4936115 492560 2464292 2464292
segment 2 121615 303237 604216 81124 202455 2029
segment 3 479281 1198746 2405939 299515 719031 1498965
Total 1586134 3966275 7946270 873199 3385778 3965286
In 1000 PLN 1586 3966 7946 873 3386 3965
Without protection
segment 1 390565 977362 1958094 223135 390565 1117257
segment 2 282979 705239 1406681 141711 353498 705239
segment 3 243841 609189 1216830 182919 457036 913202
Total 9174085 1682601 3364775 547765 744063 1822496
In 1000 PLN 917 1683 3365 548 744 1822
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Tab.11. Loss of value of land in the Rewal commianE000 PLN as a result of coastal erosion accgrdin
to different scenarios and variants of the cogsdervation after 20, 50 and 100 years

Coastal protection means

Pessimistic scenario Optimistic scenario

20 years 50years| 100years 20 years 50 years 16arg
Limited protection 1586 3966 7946 873 3386 3965
Without protection 917 1683 3365 548 744 1822

Tab.12. Loss of value of land in the Rewal commianE000 Euro as a result of coastal erosion acogrdi
to different scenarios and variants of the cogsdervation after 20, 50 and 100 years

Coastal protection means

Pessimistic scenario Optimistic scenario

20 years 50years| 100years 20 years 50 years 16arg
Limited protection 397 992 1987 218 847 991
Without protection 229 421 841 137 186 456

A respect of losses was carried out in the cuisguaation for erosion of the sea edge in the Reeaimune in the purpose of the assessment of
possible economic effects for value of land af@r30 and 100 years according to of two scenafastensity of erosion. This assessment has
fragmentary character because isn't envelopingodintial economic losses. It is possible howeveetognize that this determining minimum
losses, preservations enabling the preliminary @ispn to costs of undertakings of the coast are.
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5 RESULTS, DISCUSSION AND CONCLUSIONS

Complex Assessment of Variants of Protection

The results of the complex evaluation are presentdéb. 8. The results of the evaluation accordingarious
indicators are closely correlated. However, the tnmogortant indicator is CEIl. According to thadioator,
undeniably the worst solution would be further esien of the seawall. The executed variant is alsb
remarkably effective. From an economic point ofwithe best solution would bean abandonment of all
protective actions. In the light of the assumetkda benefits gained from the undertaken protedtivestment
are little. It is obvious that the decision abouwbtpcting ruins was taken based on non-economimipes.
Taking that into consideration, the relocation oins undeniably has to be recognized as the be&inta
Indicator WCEI does not change that assessmenthwhieans that the assumed weights of criteria do no
affect the final result. The other indicators SRA &VSPA unambiguously show that variant 2, thecagion

of ruins, is the best one. According to the SPAdatbr a high position in the ranking was also ¢gdnto
variant 3 — construction of a pier (platform) uphiof the ruins. Variant 5 — beach nourishment, @stm
dependent on the weights of the criteria. If man@artance is to be placed on benefits and lossésuiism
and recreation (SPA and CElI), the position of ttaatant is higher in the ranking.

Conclusions

The aim of the research carried out within the gebjnterreg 11l C MESSINA was primarily an intetiwanal
skill-sharing experience in the area of value judghof a coastline and assessment of the proteattiens.
Protective actions concerning the church ruinsre$acz, which are endangered by erosion, werbjacwof
the case study. The obtained results, due to ttiedhcomplete financial data, cannot constitutg basis for
practical recommendations. In spite of that, ipigzling that the decision concerning taking uptgotve
actions towards the ruins, based on rational prsnisvith application of the multi-criteria method o
assessment, turns out to be not the most accunaté/dhat is worse, there is a real threat of intigasion of
the coastal erosion at the stretches to the eabtzesacz (compare. Musielak 2005). The beaché¥euwfal,
Niechorze and Pogorzelica constitute a strategiddbrecreational asset of the commune. Their sypoto
risk and potential extra costs on protective adtioray negatively burden the balance of coastlinéeption
action taken in good faith and with a good intemti@orodziuk 2005). A conclusion arises that a gedd
introduction of evaluation methodx-anteof all the protective projects on the coast shaddur. Within the
framework of the project Interreg Il C MESSINA aethodological guide will be drawn up, which after
translation into Polish should be widely distribdii@mong subjects involved in the issues of presiervand
development of the coastal zone.

6 REFERENCES

Basi ski T., 2005, Metody ochrony brzegu morskiego pzge zachowaniu i odtwarzaniu pl&€zas Morza,
nr2 (23), s. 12-14.

Borodziuk A.M., 2005, Analiza zmian morfologicznyamadbrzey sztucznie zasilanych w zmiennych
warunkach ekspozycji oddzia ywaydrodynamicznych otwartego morza i Zatoki Gslaej, Czas Morza, nr 2
(23), s. 15-20.

26/48



Component 3

Dudzi ska-Nowak J., Furma&zyk K., cka A., 2005, Ochrona brzegu na odcinku Miedzyadidiechorze,
[w:] Furma czyk Kazimierz (red.) ZZOP w Polsce — stan obecpgrspektywy. Problemy rozwoju brzegu,
Oficyna In Plus, Szczecin.

Dudzi ska-Nowak J., 2006: Zmienno morfologii strefy brzegowej jako wskaik tendencji rozwojowych
brzegu. Rozprawa doktorska. Instytut Nauk o Motmiwersytet Szczecski. Szczecin.

Furmanczyk K., Musielak S., Dudzinska J., Leckg@oastal erosion management at the west Polisbast”.
Journal Coastal Research. (submited)

Musielak S., 2005, Geneza i mechanizmy rozwoju plaszczystych, Czas Morza, nr 2 (23), s. 7-9.
Musielak S., Furmanczyk K., Lecka A., Zielinska K999. Coastal processes of Pomeranian Bay inghedf

remote sensing data. Part I. Shoreline evolutionPofmeranian Bay. Proceeding¥ BASYS Annual
Conference, Warnemunde, 65

Persson M., 2005, Socio-economic methods for etialyaecisions in coastal erosion management -e-$tat
the-art, MESSINA Project, Component 3, Lund Uniugrd.und.

Zeidler R.B. ed., 1992. Wind, wave and storm suegime at the Polish Baltic Coast. Polish Coasst,Pa
Present and Future. Ed. Rotnicki K. Sp. Is. Jounh&loastal Research, p. 33- 56

7 APPENDIX

27/48



Component 3

PROTECION
section 1 pesymist 100
years
value price/1 sg m value lost
no of parcel area (PLN) (PLN) % of lost area | area lost (PLN) ID_ | erosion
parcel 2/10 7758,182 1552000 200 30| 2332,584 466626 0 | 60,0000
parcel 2/41 242,219 48202 199 100 242,219 48202 0 | 60,0000
parcel 2/43 826,922 164557 199 69 574,425 114310 0 | 60,0000
parcel 2/44 728,636 144999 199 2 11,858 2360 0 | 60,0000
road 2/55 2727,119 542697 199 0 1,738 346 2 | 60,0000
parcel 2/35 652,724 129892 199 100 651,114 129572 0 | 60,0000
parcel 2/32 643,399 128036 199 99 635,754 126514 0 | 60,0000
parcel 2/36 647,055 128764 199 4 25,491 5073 0 | 60,0000
parcel 2/33 535,552 106575 199 2 9,473 1885 0 | 60,0000
road 2/39 583,327 116082 199 2 13,336 2654 2 | 60,0000
forest D 16440,661 3271692 199 15| 2415,504 480685 1| 60,0000
field E 11708,487 2329989 199 100 | 11708,487 2329989 4 | 60,0000
grassland F 894,494 178004 199 100 894,494 178004 3| 60,0000
grassland G 1764,689 351173 199 30 526,690 104811 3| 60,0000
forest H 1989,004 500000 199 43 847,033 168560 1| 60,0000
road 2/40 5953,855 1184817 199 43| 2574,956 512416 2 | 60,0000
2/42 16205,961 3224986 199 8| 1327,174 264108 0 | 60,0000
TOTAL 70302,286 | 14102465 24792,330 4936115
section 1 optymist 100
years
value price/lsgm value lost
no of parcel area (PLN) (PLN) % of lost area | area lost (PLN) ID_ | erosion
forest D 16440,661 3271692 199 10| 1652,948 328937 1| 30,0000
field E 11708,487 2329989 199 74| 8671,290 1725587 4 | 30,0000
grassland F 894,494 178004 199 100 894,494 178004 3| 30,0000
grassland G 1764,689 351173 199 30 526,690 104811 3| 30,0000
forest H 1989,004 500000 199 32 637,955 126953 1 | 30,0000
TOTAL 32797,335 6630858 12383,377 2464292
section 1 pesymist 50
years
value price/l sgm value lost
no of parcel area (PLN) (PLN) % of lost area | area lost (PLN) ID_ | erosion
forest D 16440,661 3271692 199 10| 1652,948 328937 1| 30,0000
field E 11708,487 2329989 199 74| 8671,290 1725587 4 | 30,0000
grassland F 894,494 178004 199 100 894,494 178004 3| 30,0000
grassland G 1764,689 351173 199 30 526,690 104811 3| 30,0000
forest H 1989,004 500000 199 32 637,955 126953 1 | 30,0000
TOTAL 32797,335 6630858 12383,377 2464292
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section 1 optymist 50 years

value price/lsgm value lost
no of parcel area (PLN) (PLN) % of lost area | area lost (PLN) ID_ | erosion
forest D 16440,661 3271692 199 5 780,554 328937 1| 15,0000
field E 11708,487 2329989 199 34| 3945518 1725587 4 | 15,0000
grassland F 894,494 178004 199 100 894,494 178004 3| 15,0000
grassland G 1764,689 351173 199 29 508,042 104811 3| 15,0000
forest H 1989,004 500000 199 3 60,536 12047 1| 15,0000
TOTAL 32797,335 6630858 6189,144 2349386
section 1 pesymist 20
years
value price/lsgm value lost
no of parcel area (PLN) (PLN) % of lost area | area lost (PLN) ID_ | erosion
forest D 16440,661 3271692 199 4 617,230 122829 1|12,0000
field E 11708,487 2329989 199 26 | 3048,320 606616 4 112,0000
grassland F 894,494 178004 199 93 835,076 166180 3]12,0000
grassland G 1764,689 351173 199 24 431,009 85771 3]12,0000
forest H 1989,004 500000 199 1 19,310 3843 1|12,0000
TOTAL 32797,335 6630858 4950,945 985238
section 1 optymist 20 years
value price/1 sg m value lost
no of parcel area (PLN) (PLN) % of lost area | area lost (PLN) ID_| erosion
forest D 16440,661 3271692 199 2 301,401 59979 1| 6,0000
field E 11708,487 2329989 199 12| 1439,386 286438 4| 6,0000
grassland F 894,494 178004 199 58 518,278 103137 3| 6,0000
grassland G 1764,689 351173 199 12 216,109 43006 3| 6,0000
TOTAL 30808,331 6130858 2475,174 492560
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PROTECION
section 2 pesymist 100
years
price/l sq m
no of parcel area value (PLN) (PLN) % of lost area | area lost | value lost (PLN) | ID | erosion
parcel 240 586,975 117600 200 0 1,084 217 | 0 30,0000
parcel 239 713,489 142800 200 14| 103,145 20644 | 0| 30,0000
parcel 238 698,962 140000 200 14 99,612 19952 | 0 | 30,0000
parcel 235/2 528,048 105000 199 16 83,235 16551 | 0 | 30,0000
parcel 235/3 520,472 104200 200 27 | 140,824 28193 | 0| 30,0000
parcel 235/4 522,955 104200 199 8 39,950 7960 | 0| 30,0000
parcel 230 246,554 49000 199 0 0,460 91| 0] 30,0000
forest 200 14059,286 2797798 199 18 | 2565,864 510607 | 1| 30,0000
TOTAL 17876,741 3560598 3034,174 604216
section 2 optymist 100
years
price/l sq m
no of parcel area value (PLN) (PLN) % of lost area | area lost | value lost (PLN) | ID | erosion
forest 14059 200,000 2797798 403722 199 | 14,0000 2029 | 1| 20,0000
TOTAL 200,000 2797798 14,000 2028,755
section 2 pesymist 50
years
price/l sq m
no of parcel area value (PLN) (PLN) % of lost area | area lost | value lost (PLN) | ID | erosion
forest 200 | 14059,286 2797798 199 11| 1523,81 303237 | 1| 15,0000
TOTAL 14059,286 2797798 1523,81 303237
section 2 optymist 50
years
price/l sq m
no of parcel area value (PLN) (PLN) % of lost area | area lost | value lost (PLN) | ID | erosion
forest 200 | 14059,286 2797798 199 7| 1017,36 202455 | 1| 10,0000
TOTAL 14059,286 2797798 1017,36 202455
section 2 pesymist 20
years
price/l sg m
no of parcel area value (PLN) (PLN) % of lost area | area lost | value lost (PLN) | ID | erosion
forest 200 | 14059,286 2797798 199 4| 611,133 121615| 1| 6,0000
TOTAL 14059,286 2797798 611,133 121615
section 1 optymist 20
years
price/l sg m
no of parcel area value (PLN) (PLN) % of lost area | area lost | value lost (PLN) | ID | erosion
forest 200 | 14059,286 2797798 199 3 407,66 81124 | 1| 4,0000
TOTAL 14059,286 2797798 407,66 81124
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Component 3

PROTECION
section 3 pesymist 100
years
price/l sgm value lost
no of parcel area value (PLN) (PLN) % of lost area | area lost (PLN) ID | erosion
road 200/1 1575,872 313599 199,000 4 55,604 11065 | 2 | 40,0000
parcel 278/3 679,096 134200 197,616 1 4,482 886 | 0| 40,0000
parcel 249 892,007 179000 200,671 5 41,071 8242 | 0] 40,0000
parcel 248 911,475 182000 199,676 12 110,778 22120 | 0 [40,0000
parcel 247 861,963 172200 199,777 20 170,306 34023 | 0| 40,0000
parcel 212/1 618,740 123200 199,114 21 131,699 26223 | 0 |40,0000
parcel 245 571,544 124400 217,656 47 268,986 58546 | 0 | 40,0000
parcel 244 554,543 110200 198,722 62 343,786 68318 | 0 | 40,0000
parcel 243 709,014 141000 198,868 68 484,412 96334 | 0 [ 40,0000
parcel 242 582,124 117000 200,988 69 402,180 80833 | 0| 40,0000
parcel 241 589,010 117600 199,657 56 331,336 66154 | 0 | 40,0000
parcel 240 586,975 117600 200,349 54 318,625 63836 | 0 | 40,0000
forest 200 14059,286 2797798 199,000 66 | 9245,416 1839838 | 1 | 40,0000
parcel 211/1 604,325 120400 199,231 25 148,176 29521 | 0 40,0000
Total 23795,974 4750197 12056,857 2405939
section 3 optymist 100
years
price/l sgm value lost
no of parcel area value (PLN) (PLN) % of lost area | area lost (PLN) ID | erosion
road 200/1 1575,872 313599 199 2 30,828 6135 | 2| 25,0000
parcel 245 571,544 124400 218 1 5,791 1260 | 0| 25,0000
parcel 244 554,543 110200 199 12 68,640 13640 | 0 | 25,0000
parcel 243 709,014 141000 199 17 122,910 24443 | 0 | 25,0000
parcel 242 582,124 117000 201 14 81,401 16361 | 0 | 25,0000
parcel 241 589,010 117600 200 2 13,097 2615 | 0| 25,0000
parcel 240 586,975 117600 200 1 8,762 1755 | 0] 25,0000
forest 200 14059,286 2797798 199 51| 7199,776 1432755 | 1 | 25,0000
Total 19228,368 3839197 7531,205 1498965
section 3 pesymist 50
years
price/l sq m value lost
no of parcel area value (PLN) (PLN) % of lost area | area lost (PLN) ID | erosion
road 200/1 1575,872 313599 199 1 23,631 4703 | 2 20,0000
parcel 243 709,014 141000 199 0 2,797 556 | 0] 20,0000
parcel 242 582,124 117000 201 0 0,465 93| 0 20,0000
forest 200 14059,286 2797798 199 43| 5996,951 1193393 | 1 | 20,0000
Total 16926,296 3369397 6023,844 1198746
section 3 optymist 50
years
price/l sq m value lost
no of parcel area value (PLN) (PLN) % of lost area | area lost (PLN) ID | erosion
road 200/1 1575,872 313599 199 1 13,220 2631 12,5000
forest 200 14059,286 2797798 199 26 | 3600,003 716401 12,5000
Total 15635,158 3111397 3613,223 719031
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Component 3

section 3 pesymist 20
years

price/l sg m value lost
no of parcel area value (PLN) (PLN) % of lost area | area lost (PLN) ID | erosion
road 200/1 1575,872 313599 199 1 8,524 1696 | 2| 8,0000
forest 200 14059,286 2797798 199 17| 2399,923 477585| 1| 8,0000
Total 15635,158 3111397 2408,447 479281
section 3 optymist 20
years
price/l sq m value lost
no of parcel area value (PLN) (PLN) % of lost area | area lost (PLN) ID | erosion
road 200/1 1575,872 313599 199 0 5,221 1039 | 2| 5,0000
forest 200 14059,286 2797798 199 11| 1499,877 298476 | 1| 5,0000
Total 15635,158 3111397 1505,098 299515
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Component 3

NO PROTECION

section 1 pesymist 100
years

price/l sq m
no of parcel | area value (PLN) | (PLN) % of lost area | area lost | value lost (PLN) | ID_ | erosion
forest D 16440,661 3271692 199 12 | 1964,750 390985 1 | 35,0000
field E 11708,487 2329989 199 67 | 7874,308 1566987 | 4 | 35,0000
grassland F 894,494 178004 199 0 0,611 122 | 3] 35,0000
TOTAL 29043,642 5779685 9839,669 1958094
section 1 optymist 100
years
price/l sgm
no of parcel | area value (PLN) | (PLN) % of lost area | area lost | value lost (PLN) | ID_ | erosion
forest D 16440,66 3271692 199 6| 1049,21 208794 | 1 20,0000
field E 11708,49 2329989 199 39| 4564,53 908342 20,0000
grassland F 894,494 178004 199 0 0,611 122 | 3]20,0000
TOTAL 29043,64 5779685 5614,36 1117257
section 1 pesymist 50
years
price/l sq m
no of parcel | area value (PLN) | (PLN) % of lost area | area lost | value lost (PLN) | ID_ | erosion
forest D 16440,66 3271692 199 6| 907,641 180621 1[17,5000
field E 11708,49 2329989 199 34| 4003,12 796620 | 4 17,5000
grassland F 894,494 178004 199 0 0,611 122 | 3]17,5000
TOTAL 29043,64 5779685 4911,37 977362
section 1 optymist 50
years
price/l sgm
no of parcel | area value (PLN) | (PLN) % of lost area | area lost | value lost (PLN) | ID_ | erosion
forest D 16440,66 3271692 199 2| 345,556 68766 1 (10,0000
orne E 11708,49 2329989 199 14| 1616,47 321678 10,0000
grassland F 894,494 178004 199 0 0,611 122 | 3]10,0000
TOTAL 29043,64 5779685 1962,64 390565
section 1 pesymist 20
years
price/l sq m
no of parcel | area value (PLN) | (PLN) % of lost area | area lost | value lost (PLN) | ID_ | erosion
forest D 16440,66 3271692 199 2| 345,556 68766 1| 7,0000
field E 11708,49 2329989 199 14| 1616,47 321678 | 4| 7,0000
grassland F 894,494 178004 199 0 0,611 122 | 3| 7,0000
TOTAL 29043,64 5779685 1962,64 390565
section 1 optymist 20
years
price/l sgm
no of parcel | area value (PLN) | (PLN) % of lost area | area lost | value lost (PLN) | ID_ | erosion
forest D 16440,66 3271692 199 1| 194,603 38726 1| 4,0000
field E 11708,49 2329989 199 8| 926,065 184287 | 4| 4,0000
grassland F 894,494 178004 199 0 0,611 122 | 3| 4,0000
TOTAL 29043,64 5779685 1121,28 223135
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Component 3

NO PROTECION

section 2 pesymist 100
years

value price/l sg m
no of parcel | area (PLN) (PLN) % of lost area | area lost | value lost (PLN) | ID_ | erosion
field E 11708,487 2329989 199 8| 967,063 192446 4 | 20,0000
grassland F 894,494 178004 199 100 | 893,883 177883 3| 20,0000
grassland G 1764,689 351173 199 100 | 1755,981 349440 3]20,0000
forest H 1989,004 500000 199 34| 675,945 134513 1| 20,0000
forest 200 14059,286 2797798 199 18 | 2582,620 513941 1| 20,0000
road | 229,909 45752 199 84| 193,256 38458 2 | 20,0000
TOTAL 30645,869 6202716 7068,748 1406681
section 2 optymist 100
years
value price/l sqm
no of parcel | area (PLN) (PLN) % of lost area | area lost | value lost (PLN) | ID_ | erosion
field E 11708,487 2329989 199 2| 182,701 36357 4 110,0000
grassland F 894,494 178004 199 85| 757,175 150678 3]10,0000
grassland G 1764,689 351173 199 70| 1229,616 244694 | 310,0000
forest H 1989,004 500000 199 13,597 2706 1 10,0000
forest 200 14059,286 2797798 199 1308,450 260382 1 (10,0000
road | 229,909 45752 199 23 52,374 10422 2 (10,0000
TOTAL 30645,869 6202716 3543,913 705239
section 2 pesymist 50
years
value price/l sgm
no of parcel | area (PLN) (PLN) % of lost area | area lost | value lost (PLN) | ID_ | erosion
field E 11708,487 2329989 199 2| 182,701 36357 4 110,0000
grassland F 894,494 178004 199 85| 757,175 150678 3]10,0000
grassland G 1764,689 351173 199 70| 1229,616 244694 | 310,0000
forest H 1989,004 500000 199 13,597 2706 1 (10,0000
forest 200 14059,286 2797798 199 1308,450 260382 1 (10,0000
road | 229,909 45752 199 23 52,374 10422 2 (10,0000
TOTAL 30645,869 6202716 3543,913 705239
section 2 optymist 50
years
value price/l sgm
no of parcel | area (PLN) (PLN) % of lost area | area lost | value lost (PLN) | ID_ | erosion
field E 11708,487 2329989 199 0 34,658 6897 4| 5,0000
grassland F 894,494 178004 199 49| 442,039 87966 3| 5,0000
grassland G 1764,689 351173 199 35| 618,679 123117 3| 5,0000
forest 200 14059,286 2797798 199 5| 654,533 130252 1| 5,0000
road | 229,909 45752 199 12 26,465 5267 2| 5,0000
TOTAL 28656,865 5702716 1776,374 353498
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Component 3

section 2 pesymist 20
years

value price/l sg m
no of parcel | area (PLN) (PLN) % of lost area | area lost | value lost (PLN) | ID_ | erosion
field E 11708,487 2329989 199 0 20,461 4072 4| 4,0000
grassland F 894,494 178004 199 40| 362,058 72050 3| 4,0000
grassland G 1764,689 351173 199 28 | 493,875 98281 3| 4,0000
forest 200 14059,286 2797798 199 4| 523,322 104141 1| 4,0000
road [ 229,909 45752 199 10 22,291 4436 2| 4,0000
TOTAL 28656,865 5702716 1422,007 282979
section 2 optymist 20
years
value price/l sg m
no of parcel | area (PLN) (PLN) % of lost area | area lost | value lost (PLN) | ID_ | erosion
field E 11708,487 2329989 199 0 3,378 672 4| 2,0000
grassland F 894,494 178004 199 21| 189,043 37620 3| 2,0000
grassland G 1764,689 351173 199 14 | 246,073 48969 3| 2,0000
forest 200 14059,286 2797798 199 261,357 52010 1| 2,0000
road | 229,909 45752 199 12,263 2440 2| 2,0000
TOTAL 28656,865 5702716 712,114 141711

35/48




Component 3

NO
PROTECION

section 3 pesymist 100
years

no of value price/l sq m % of lost value lost

parcel area (PLN) (PLN) area area lost (PLN) ID_ | erosion
road 200/1 | 1575,872 313599 199 69,25 13780,75 2 | 20,0000
parcel 243 709,014 141000 198,868 2,797 556,234 | 0] 20,0000
parcel 242 582,124 117000 200,988 0,465 93,459 | 0 20,0000
forest 200 | 14059,286 | 2797798 199 43| 6042,207 | 1202399,193 1 | 20,0000
TOTAL 16926,296
section 3 optymist 100
years

no of value price/l sgm % of lost value lost

parcel area (PLN) (PLN) area area lost (PLN) ID_ | erosion
road 200/1 | 1575,872 313599 199 3 53,097 10566,303 15,0000
forest 200 | 14059,286 | 2797798 199 32]4535,859 | 902635,941 15,0000
TOTAL 15635,158
section 3 pesymist 50
years

no of value price/l sq m % of lost value lost

parcel area (PLN) (PLN) area area lost (PLN) ID_ | erosion
road 200/1 | 1575,872 313599 199 2 36,2 7203,8 2 (10,0000
forest 200 | 14059,286 | 2797798 199 22 ]3025,049 | 601984,751 10,0000
TOTAL 15635,158
section 3 optymist 50
years

no of value price/l sq m % of lost value lost

parcel area (PLN) (PLN) area area lost (PLN) ID_ | erosion
road 200/1 | 1575,872 313599 199 2 27,472 5466,928 2| 7,5000
forest 200 | 14059,286 | 2797798 199 16 | 2269,193 | 451569,407 1| 7,5000
TOTAL 15635,158
section 3 pesymist 20
years

no of value price/l sgm % of lost value lost

parcel area (PLN) (PLN) area area lost (PLN) ID_ | erosion
road 200/1 | 1575,872 313599 199 14,941 2973,259 2| 4,0000
forest 200 | 14059,286 | 2797798 199 1210,492 | 240887,908 1| 4,0000
TOTAL 15635,158 | 3111397
section 3 optymist 20
years

no of value price/l sq m % of lost value lost

parcel area (PLN) (PLN) area area lost (PLN) ID_ | erosion
road 200/1 | 1575,872 313599 199 1 11,281 2244,919 2| 3,0000
forest 200 | 14059,286 | 2797798 199 6| 907,911 | 180674,289 1| 3,0000
TOTAL 15635,158 | 3111397
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