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A bstract

This paper summarises current knowledge of goods and services in the Polish 
Exclusive Economic Zone of the Baltic Sea ecosystem. It reviews specific properties 
of the Baltic tha t could be used for economic valuation. Goods and services 
range from the familiar resources of fish and minerals, which were valued with 
the Productivity Method, to less obvious services provided by the ecosystem such 
as biofiltration in coastal sands, valued with either the Replacement Cost or 
Damage Cost Avoided methods. Disservices to the marine ecosystem are also 
considered, e.g. erosion and coastal flooding, including the costs of planned mit­
igating measures. This paper emphasises the importance of using valuation m eth­
ods to help make better-educated decisions for the sustainability of the Baltic Sea.

1. I n tr o d u c t io n

1.1. E co sy stem  go o d s and serv ices

T h e environm ental economics lite ra tu re  s ta rted  out in th e  USA in th e  
1980s, w hen it tackled problem s of travel cost and  contingency valuation . In  
E urope , P earce & T urner (1990) published a m ajo r tex tb o o k  on ecological 
economy; th is  spaw ned a num ber of o th er papers, and  a whole series of 
new jo u rn a ls  (e.g. E nvironm etrics , Ecological Econom ics, Land E conom ics). 
T h e  economic approach  to  environm ental research developed rap id ly  in th e  
wake of th e  p ap e r by C ostanza et al. (1997), which assessed th e  value of
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goods and  services provided by th e  global ecosystem . T h e  last four years 
have seen th e  pub lication  of over two hundred  peer-review ed papers dealing 
w ith  th e  goods and  services provided by ecosystem s.

We can classify n a tu ra l services as those provided by th e  physical 
environm ent (e.g. solar energy, w ind power, wave energy) or as biologically 
m ediated  ecosystem  functions. Some of th e  la tte r, w hich are n a tu ra l 
m anifesta tions of in teractions betw een organism s and  th e  environm ent 
or am ongst th e  organism s them selves, m ight also fit in to  th e  ‘service’ 
category. As such, we can construe  ecosystem  services as those th a t  
benefit hum ans d irectly  or indirectly. C ritic ism  of environm ental economics 
calculations often stem s from  th e  conflicting values of economic grow th, 
economic developm ent, and  th e  neoclassical th eo ry  of economics (Czech 
2002). W ilfred B eckerm an’s Sm all Is Stupid: B lowing the W histle on 
the Greens (4995) and  B jorn  L om borg’s Sceptical E nvironm enta list (2004) 
expressed a h ea rty  scepticism  regard ing  th e  approaches of environm entalists 
and  ecologists to  economics. In  con trast, th e  responses to  th em  cam e in 
th e  form  of th e  m ethodologically  m ore rigorous analyses of C hen & Zhang 
(2000), B ockstael et al. (2000), F aber et al. (2002), and  B alm ford et al. 
(2002), who em phasised th e  tru e  economic reasons for n a tu re  conservation. 
M odellers, e.g. O dum  (1996) and  H au & B akshi (2004), developed th e  
concept of ‘em ergy’ -  th e  cum ulative am oun t of solar energy used to  create 
a service or a p ro d u c t -  as a universal u n it for ca lcu lating  environm ental 
and  economic costs.

1.2. S oc io -econ om ic  va lu a tion  o f  n ature

In  an o th er paper, C ostanza (1999) considered th e  m arine environm ent 
to  be an  object of economic valuation  in w hich th e  oceans con trib u ted  60% 
to  th e  overall value of th e  whole b iosphere (op. c it). T h e  ro u tin e  m ethod  
applied to  th e  non-m arket value of public goods (including environm ental 
ones) is a s ta ted-preference survey: public awareness is assessed th ro u g h  
questions regard ing  th e  w illingness to  pay or to  accept. T his is known 
collectively as th e  C ontingen t V aluation  M ethod  (CV) (Table 1). However, 
th is  m ethod  is also highly controversial, based as it is on hypo thetical 
s itua tions set before respondents, whose ac tua l behav iour m ay differ from  
th e ir  declared responses. As far as th e  valuation  of m arine services is 
concerned, only com m ercial and  in d u stria l exploiters of th e  sea (e.g. seabed 
m iners, fisherm en) and  scientists express definite opinions. T here  is no 
public to  lend su p p o rt, because it has no direct contact: everybody can 
adm ire th e  b eau ty  of a scenic forest or a landscape, b u t u nderw ater 
seascapes are h idden  from  m ost of us and  are no t em otionally  linked to  
our cu lture . O n th e  o th er hand , th o u g h  its knowledge and  experience of
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Table 1. Methods for the valuation of goods and services, modified from 
h ttp  : /  /  www. casavaria .com/

Valuation m ethod 
P roductivity  M ethod (PM)

Hedonic Pricing M ethod (HPM)

Travel Cost M ethod (TCM)

Damage Cost Avoided (DCA)

Substitu te (Replacement) Cost M ethod 
(SCM), M itigation Cost M ethod, P re­
ventive Expenditure

Contingent Valuation M ethod (CVM), 
Choice Experiments, and other S tated 
Preference M ethods
Emergy m ethod (n.b. this m ethod is not 
based on stated  or revealed preferences)

Principle
The value of the goods produced in 
a m arket (e.g. the value of the water th a t 
helped to  produce a crop)

Phenom ena th a t directly affect market 
prices (e.g. the price of housing in a beau­
tiful area). Valuation of an a ttribu te  of 
a good traded, such as real estate.

Consumer surplus of a recreational site 
based on preferences revealed through 
travel costs to  the site

Damage valued using the change in 
production m ethod, but linked to  measures 
through a biophysical dam age function.

The cost of preventing damage, partial 
m itigation of damages or cost of replacing 
a lost ecosystem service (e.g. costs of ar­
tificial pollination to  replace the lack of 
insects)

How much are people willing to  pay for 
a specific ecosystem service?

How much solar energy was used to  provide 
a product?

m arine life m ay be lim ited, public opinion su p p o rts  endangered  m arine 
species (e.g. tu rtle s  and  charism atic  m am m als) and  h ab ita ts  (prim arily  
coral reefs). P ub lic  concern is im p o rtan t in valuing ecosystem  services, 
since it has played a m ajo r role in shaping  th e  environm ental policy of 
th e  p as t th ir ty  years (e.g. R achel C arso n ’s S ilen t Spring  on th e  im pact 
of organochlorine use -  Czech 2002). T h e  im provem ent in environm ental 
s tan d a rd s  for d rink ing  w ater, air, and  green areas is w idely recognised. 
T h e  high E U  stan d a rd s  required  of sea w aters for recreational use are also 
su p p o rted  by public cam paigns like B lue F lag  (h ttp ://w w w .b lu e fla g .co m /).

1.3. B io log ica l va lu ation  o f  n atu re

T his kind of valuation  (som etim es called validation  or assessm ent) does 
no t consider th e  m arket value of an  entity ; ra th e r, it identifies its relevance 
and  m eaning. I t focuses on n a tu re  conservation, and  values th e  rarity, 
uniqueness or richness of b iodiversity  (Derous & D egraer, unpub lished). T he 
m ain  ra tionale  for biological valuation  (for its m ethodology -  see R oberts

http://www.blueflag.com/
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et. al. 2003) -  is th e  process of designating  M arine P ro tec ted  A reas (M PA) 
and  th e  m anagem ent of m arine resources (B oersm a & P a rr ish  1999). T he 
approach  to  biological valuation  is th e  so-called D elphic judgm en t, w hen an 
expert panel is consulted  for com peten t inform ation.

1.4. A im  o f  th e  presen t s tu d y

T he area u n d er consideration  is th e  Polish Exclusive Econom ic Zone 
(EE Z ). T his consists of th e  shallow part, of th e  sou th ern  B altic and  is 
equivalent, to  c. 10% of th e  te rre s tria l area of Po land  (Fig. 1). It. extends 
along som e 500 km  of nearly  straight., sandy  coastline, w ith  sand and  gravel 
prevailing in th e  extensive shallows, and  anoxic m uddy sedim ents in local 
depressions th a t  reach dep th s  of only 100 m (e.g. th e  G dansk  D eep). T he 
B altic Sea. is a. brackish-w ater (7 P SU  above and  9-12 P S U  below th e  
halocline in th e  Polish p a rt) , non-tidal, sem i-enclosed sea. th a t  has re ta ined  
some featu res of a. very large fjord, i.e. a. shallow sill a t its en trance and  deep 
inner basins (see Lom niewski et. al. (1975) for a. review of th e  properties 
of th e  sou th ern  B altic Sea). T he only previous attem pt, to  value th e  Polish 
coastline was u n d ertak en  in 1990-92 by an  in terd iscip linary  team  led by 
th e  la te  P rofessor R yszard  Zeidler (Zeidler 1992). T hey  did not., however, 
take n a tu ra l physical and  biological processes into consideration; th e  only 
m ethods th ey  applied were D am age Cost. Avoided and  P ro p e rty  V aluation. 
In  a. p ap e r on th e  effects of tou rism  on th e  sandy  coastline, W eslawski et. al. 
(2000) dic! present, some d a ta  on one p articu la r sector of th e  coast., th e  sandy 
beaches. E arlier, th e  pooled knowledge of m arine scientists (H ELCO M  
1998) had  been th e  basis for selecting and  designating  proposed M arine 
P ro tec ted  A reas (M PA) in th e  Polish EEZ, albeit, without, th e  app lication  
of current, biological valuation  m ethodology.
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Fig. 1 . Distribution of mineral resources in the Polish EEZ. 1 -  gravel, 2 -  oil and 
gas, 3 -  amber
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T he aim  of th e  presen t p ap e r is therefore:

•  To review existing d a ta  on goods and  services provided by th e  sou th ern  
B altic Sea and  to  propose ap p ro p ria te  m ethodology for th e ir  valuation;

•  To review th e  biological value of sou th ern  B altic Sea;

•  To identify  gaps in our knowledge th a t  need to  be addressed for th e  
susta inab le  m anagem ent of th e  Polish EEZ.

Econom ic va luation  is useful as a guide to  decision m aking, e.g., in 
evaluating  a lte rn a tiv e  uses of society’s resources. In  su p p o rt of th is, we 
in tend  to  so rt ecosystem  services th a t  could be affected by policy decisions 
from  those  th a t  are ‘non-hum an m ed ia ted ’.

2. M a te r ia l  a n d  m e th o d s

T he present s tu d y  is a com pilation  of in form ation  and  d a ta  published in 
various sources, including rep o rts  and  th e  so-called grey lite ra tu re . M any 
ideas were originally form ulated  during  discussions th e  au th o rs  p a rtic ip a ted  
in a t w orkshops organised u n d er th e  auspices of th e  C en tre  of Excellence 
of Shelf Seas S tudies a t IO  PAS (w w w .iopan .p l/C E S SS ), th e  C en tre  of 
Excellence for B altic D evelopm ent, E d u ca tio n  and  R esearch (B A LTD ER ) a t 
IO  TJG (h ttp ://w w w .o ce an .u n iv .g d a .p l/b a ltd e r), th e  C onsortium  of Polish 
M arine R esearch In s titu te s  (h ttp ://w w w .u n iv .g d a .p l/io /M A R E I), th e  E S F  
E uroconference of In teg ra ted  C oastal Zone M anagem ent (E SF  2002), IBOY- 
D IV E R SIT A S m eetings of th e  S C O P E  C om m ittee  (h ttp ://w w w .co lo ra d o , 
e d u /) , and  th e  M A R B E F  NoE m eetings in C re te  2004 and  P o rto  2005.

Table 1 lists th e  ecosystem  valuation  m ethods, and  each exam ple p re­
sented  below explains th e ir use. In  accordance w ith  th e  M illennium  Assess­
m ent group (w w w .m illennium assessm ent.org), we have divided ecosystem  
goods and services into th e  categories of P rovisioning (direct p roduc ts), 
R egu lato ry  (processes), and  E nrichm ent (educational, cu ltu ra l, and  spiri­
tu a l values). W here ap p ro p ria te , we have ind icated  these categories in th e  
tex t.

We have adop ted  th e  biological valuation  m ethods from  D erous & De- 
graer (unpubl.), a review p ap e r th a t  includes recom m endations from 
a workshop a t G ent U niversity  held in D ecem ber 2004. T he key ecological 
crite ria  we have adop ted  for th e  biological valuation  of th e  B altic Sea include 
h a b ita t diversity  and  irreplaceability, and  th e  in tegrity  and  n a tu ra lness of 
th e  ecosystem .

http://www.iopan.pl/CESSS
http://www.ocean.univ.gda.pl/baltder
http://www.univ.gda.pl/io/MAREI
http://www.colorado
http://www.millenniumassessment.org
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3. R e s u lt s  a n d  d is c u ss io n

3.1 . G ood s o f  th e  P o lish  EEZ m arine eco sy stem

E xam ples of provisioning goods (Table 2) show th e  m arket value of 
raw  m ateria ls as th e  m ain  m ethod  of valuation  (P ro d u c tiv ity  V aluation  
M ethod). M ost of th e  required  d a ta  regard ing  m ineral resources are 
available from  th e  Polish S ta te  Geological In s titu te , and  th e re  is cu rren tly  
a m arket for such goods. T h e  exact value of am ber exp lo itation  is no t known 
and  rem ains largely in th e  grey zone of th e  economy; nevertheless, if we take 
th e  Polish am ber m arket w ith  its 20 000 jobs into account, a conservative 
estim ate  would be in th e  region of 20 m illion euros. B rackish w ater is not 
cu rren tly  a concern, a lthough  it is a p o ten tia lly  valuable resource for coastal 
aquacu ltu re .

3.2 . Space resou rces

T his is a specific category  of goods provided by th e  E EZ. In  a developing 
economy, th e  dem and for useable seabed space increasingly leads to  conflicts. 
C ables, pipelines and  fixed in sta lla tions by definition clash w ith  sedim ent 
ex traction , fisheries and  m ilita ry  tes tin g  sites. O n th e  o th er hand , recreation  
and  tou rism  call for th e  relevant am enities to  be located a t a d istance 
from  in d u stria l users. A nd last b u t no t least, areas designated  for n a tu ra l 
p ro tec tion  require u n d is tu rb ed  space. Very likely, th en , different users will 
com pare th e  value of a given m arine space w ith  th a t  of an  equivalent land 
area, for exam ple: How m uch does th e  m ilita ry  custom arily  pay to  use one 
hec ta re  of land  for m anoeuvres? A no ther way of m anaging  th is  problem  
is to  tu rn  to  free m arket com petition  for seabed prices: W ho is w illing to  
pay m ore? T his is therefore an  analysis of o p p o rtu n ity  costs to  a lte rna tive  
users. Such d a ta  are no t available, b u t th ey  can be produced  (Table 2).

3.3 . B io log ica l resou rces

Fish , shellfish, seaweed, seabirds, and  sea m am m als are all categorised as 
m arine biological goods. In  th e  Polish EEZ, com m ercial fishing fleets ta rg e t 
m ainly  cod, sp ra t, herring, flatfish, and  salm on: declared landings to ta l 
a round  60 m illion euros. T h e  inshore fishery focuses on salm on and  flatfish 
and  is w orth  c. 10 m illion euros annually. Offshore angling is developing 
rapidly, b u t no d a ta  is available on th e  value of its landings (50 000 visitors 
in 2004). Resources of o th er species, such as th e  brow n shrim p ( Crangon 
crangon), are no t exploitable because of th e  sm all body  size of B altic 
specim ens and  th e  dangerous im plications of th e  by-catch  m o rta lity  of 
juvenile flatfish and  gobiids. Also of im portance , b u t no t quantified, are 
th e  catches of sand eel (A m m odytes tob ianus) and  brow n shrim p as b a it



Table 2. Goods provided by the Polish EEZ in the Baltic Sea; for the abbreviations of the valuation methods, see Table 1

Category of goods Examples Human
im pact

Valuation
m ethod

E stim ated value Remarks

m ineral resources
brackish water resources m oderate PM ??? valuation possible after aquaculture 

development
gravel and Sand high PM 1 million euro/year
grude oil high PM 75 million euro/year
amber high PM 20 million euro/year

biological resources
commercial fishery high PM 60 million euro/year
bait fishing high S CM ???
sea-angling high CVM ???
underw ater fishing/scuba diving ??? ???
inshore fishery high PM 10 million euro/year

other
space for waste storage high HPM ??? not applicable after international 

conventions
space for wind farms high HPM 500 million euro
space for sea transport m oderate HPM ???
space for installations high HPM ???
space for recreation high HPM ???
space for defence high HPM ??? compare to  costs of land use by the 

m ilitary
space for nature protection high HPM ???
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for longline fisheries. T he exp lo ita tion  of brow n algae (Furcillaria fastig ia ta  
and  Fucus vesiculosus) and  seagrass (Zostera m a rin a ) cam e to  an  end in 
th e  m id-tw entieth  cen tu ry  and  will no t be resum ed for lack of resources b u t 
also for conservation  purposes. E xperim en ts  w ith  tro u t, S iberian  sturgeon, 
perch, flatfish, and  brackish-w ater exotic shrim p aq u acu ltu re  are unlikely to  
move into th e  com m ercial phase as th e ir economic p o ten tia l is low and  th e ir 
consequences have raised considerable environm ental concern, especially 
w ith  respect to  non-native tax a . Since m ost of th e  m arine ecosystem  goods 
are site-specific, th e re  is an  u rgent need to  create  u p -to -d a te  G eographic 
In fo rm ation  System  (GIS) m aps of all th e  resources listed in Table 2.

3.4 . S erv ices o f  th e  P o lish  EEZ m arine eco sy stem

3.4 .1 . G as and c lim ate  regu la tion

Am ong th e  regu la to ry  services listed in Table 3, C O 2 u p tak e  and  its 
valuation  in te rm s of C O 2 credits is cu rren tly  of in terest. In  2005 th e  price 
of one to n n e  of C O 2 on th e  H am burg  stock exchange was approx im ately  
30 euros (h ttp ://w w w .d n v .co m /ce rtifica tio n ). A lthough th ere  are sufficient 
d a ta  on th e  p rim ary  p rod u c tio n  of th e  a rea ’s ph y to p lan k to n  and  p h y to b en ­
thos to  ca lcu late th e ir  co n tribu tion  to  oxygen p roduction , th e  am ount of 
organic carbon  tran sp o r te d  from  th e  atm osphere  to  th e  seabed sedim ents is 
no t known w ith  any accuracy. T he well-developed pycnocline in th e  deeper 
w aters of th e  B altic Sea m ay in h ib it vertical mixing, and  th a t  po rtio n  of th e  
p rim ary  p rod u c tio n  w hich sinks to  g rea ter dep th s is p robab ly  removed from  
recycling. In  th e  Polish E EZ, th e  m inim um , annual secondary p roduction  
of seashells and  o ther organism s, an  estim ated  5000 tonnes, bind organic 
carbon  into relatively inactive C aC 0 3  (com bined inform ation  on m ollusc 
p ro d u c tio n  from  W itek  (1995) and  th e  presen t au th o rs ’ own unpublished  
d a ta ) . C arb o n  budget analyses of B altic coastal w aters ind icate  th a t  th e  
system  is alm ost in balance or slightly h e tero troph ic  (resp ira tion  is higher 
th a n  p roduction) (W itek  et al. 1999, 2001). T he ecosystem  function  services 
associated  w ith  th e  carbon  budget are largely hum an-m edia ted , since it 
is th e  n u trien t excess from  poor-quality  freshw ater discharge th a t  drives 
p rim ary  p rod u c tio n  and  eu troph ication .

E xam ples of ecosystem  services th a t  are  (alm ost) independen t of hum an 
m ediation  are th e  d is trib u tio n s of hea t and  hum idity. In  w inter, th e  
nearshore land area is a t least 2 -4°C  w arm er th a n  its h in terland  as a resu lt 
of th e  hea t stored  by th e  sea being released du ring  cold periods. T his saves 
m easurab le am ounts of energy for th e  public hea ting  system , b u t precisely 
how m uch is no t known. Em issions of m arine aerosols provide th e  nearshore 
area  w ith  m icroelem ents such as iodine, which is v ita l to  h um an  health . T he 
value of th is  service could be m easured by calcu lating  th e  costs of iodine

http://www.dnv.com/certification


Table 3. Services provided by the Polish EEZ; for the abbreviations of valuation, see Table 1. Human impact is arbitrarily 
described as high -  services easily impacted, moderate -  resources could be impacted, low -  impact does not happen, but is possible, 
null -  impact practically impossible

Category of service Examples Human
im pact

Valuation
method

Remarks

gas and climate regula­
tion

carbon sink to  pelagic prim ary produc­
tion
carbon sink to  phytobenthos

low

low

CVM

CVM

CO 2 credits 

CO 2 credits

heat absorbance and release by the sea null PM municipal heat and insulation savings

DMS production by microplankton low DCA

carbon sink to  CaCC>3 organic binders low CVM CO 2 credits

oxygen production by marine plants low CVM

aerosol emission from the sea null CVM microelement supply, as compared to  a 
m ountain area

disturbance regulation elimination of harmful elements from
water by biofilters
eutrophication control by biofilters

high

high

oil spill degradation by microbial
processes

low SCM the value of the labour force and 
technology used for oil spill com bat in 
place w ithout the natu ra l services (e.g. 
artificial water reservoir, field etc)

oil spill degradation by waves and wind null S CM

erosion and sediment 
control

storm  surge control by sandbanks 

micro-algae m ats & T E P  production

m oderate

low

DCA

DCA cost of artificial beach nourishment

m acrophytobenthos cover high DCA



Table 3. (continued)

Category of service Examples

macro-organism cover (shell beds)

free sand deposits

remineralisation denitrification by microbes

biological filtration by micro-organisms 
in sands
biological filtration by macro-organisms 

bio turbation 

renewable resources wind power

wave energy

solar energy

provision of biological 
resources

m onitoring the sta te  of 
the ecosystem

recreation and tourism

bio-products for the pharm aceutical 
and cosmetics industries 
nursery grounds value

food web control by top predators

bioindicators and ‘early warning sys­
tem ’ biomarkers

yachting

windsurfing

beach recreation



Hum an Valuation Remarks
im pact m ethod
high DCA

high DCA

low SCM cost of technological waste treatm ent

m oderate SCM

m oderate SCM

high SCM

null PM  quota of investment

null PM  price difference compared to  air and
ground transport, plus associated job 
m arket

null PM

high SCM cost of artificial farming

high SCM

m oderate SCM cost difference between chemical and
biological monitoring

high TCM  travel cost m ethod

high TCM  contingent valuation m ethod

high TCM  travel cost m ethod

Basis 
for 

a 
valuation 

of 
the 

Polish 
Exclusive 

Econom
ic 

Zone 
.



O r

Table 3. (continued)

Category of service Examples Human
im pact

Valuation
method

Remarks

SCUBA diving high TCM travel cost m ethod

ethno- and eco-tourism high TCM hedonic pricing m ethod

culture, education local ethnographic products linked with high CVM productivity m ethod
& science the sea

school programmes high CVM am ount of funds offered for courses

university courses high CVM am ount of funds offered for courses

research projects high CVM value of grants obtained for Polish EEZ
studies

group ethos among seamen high CVM

popular scientific products in the media high CVM value of production and distribution
costs

increase in international contacts & high CVM conflict reduction
tolerance
nature reserves high CVM

. 
W

eslaw
ski 

et 
al.
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supplem ents d is trib u ted  in m ountain  areas, w here th is  elem ent is deficient 
(th e  relevant d a ta  are available). T he m asses of m oist a ir th a t  build  up 
over th e  sea provide th e  coasta l zone w ith  m ore annual p rec ip ita tio n  th a n  
in land areas, which saves an  equivalent am oun t of w ater in ag ricu ltu re  and 
ho rticu ltu re .

3.4 .2 . D istu rb a n ce  regu la tion , erosion , and sed im en t contro l

Am ong th e  costly d istu rbances th a t  occur in th e  m arine environm ent, 
oil spills ca tch  th e  pub lic’s a tten tio n  m ost frequently. T he n a tu ra l p o ten tia l 
for processing oil spills, which is discussed in th e  lite ra tu re  (e.g. K rebs 
& B um s 1977, M acLachlan & H arty  1981, V anderm eulen 1982), and  physical 
forcing (wave action , solar rad ia tion , w ind, and  desiccation) are  th e  m ain 
factors responsible for w eathering, coagulating and  concen tra ting  spilled oil 
(Johnson  1970). M icrobial po ten tia l, specifically th e  d irect scavenging of 
m icrobes on hydrocarbons, is u nder investigation, as is th e  role of d iatom s 
as adheren ts  to  oil partic les. Shore erosion is controlled m ost efficiently 
by n a tu ra l dune vegeta tion  (m ost often p lan ted ). Less is known ab o u t th e  
role of biogenic partic les (T E P  and  E P S  -  m ainly  polysaccharides), which 
are excreted as m ucous substances b inding  sedim ent partic les together, 
thereby  inh ib iting  th e ir  mobility. M icrophytobenth ic  d iatom s, num erous 
bac teria , and  a num ber of m eiofaunal organism s are known to  excrete 
E P S , b u t th e  scale of th is  phenom enon in th e  B altic Sea is unknow n. 
F iltra tio n  by m icro- and  m acroorganism s are regu la to ry  services, since th ey  
reduce th e  num bers of suspended  partic les, increase w ater transparency , 
and  consequently, lead to  th e  biological processing of various chemical 
com pounds in suspension. T he capacity  of bivalves to  remove suspensions 
has been estim ated  in a num ber of stud ies of th e  B altic Sea. O rlova et al. 
(2004), for exam ple, rep o rted  th a t  th e  zeb ra  mussels in hab iting  th e  Neva 
E s tu a ry  filtered 3000 tonnes of P O C  from  th e  suspended  m a tte r  per season. 
T h e  increasing eu troph ica tion  of th e  coastal w aters of th e  Polish E E Z  has 
caused popu lations of filtering organism s to  expand; bivalves now occur at 
g rea ter dep th s th a n  previously (W olowicz et al. 2006). B io tu rb atio n , th e  
process by w hich organically  rich surface sedim ents are moved into deeper 
layers, is a service provided m ainly  by m acrofauna -  n o tab ly  polychaete 
worm s, p riapu lids and  bivalves. A lthough th e  scale of th is  process in th e  
Polish E E Z  is no t known, it can be assessed by analysis of th e  occurrence 
and  abundance of m acrofauna species. P re lim inary  experim ents have 
been carried  out on polychaetes and  crustaceans (G eringer d ’O denberg  
2000, Kotwicki et al. 2005). A m ong th e  services provided in th e  field of 
d is tu rb an ce  control, filtra tion  and  b io tu rb a tio n  are th e  m ost vulnerab le



1 5 8  J. M. W eslawski e t al.

to  an thropogenic im pact, since th ey  depend  en tirely  on th e  presence and 
condition  of p a rticu la r species.

3 .4 .3 . P rov ision  o f  ren ew ab le energy

T hese types of services, which include w ind, waves and  solar rad ia tion , 
are th e  least dependen t on hum an  activ ity ; in d u stria l em issions, however, 
m ay influence cloud fo rm ation  and  a lte r th e  level of insolation on a local 
scale. In  th e  Polish E E Z  and  local m unicipalities, w ind force and  frequency 
is of im portance for w ind farm s, since th e  exp lo ita tion  of solar and  wave 
energy is n o t a p ractica l p roposition  for th e  foreseeable fu tu re . W ind  power 
rem ains an  im p o rtan t renew able energy source, and, w ith  an  estim ated  500 
m illion euros earm arked  for investm ent, in terest is very high in construc ting  
w ind farm s along th e  Polish coast.

3 .4 .4 . P rov ision  o f  b io log ica l resou rces

T hese services are delivered by th e  s tru c tu ra l species (macrophyt.es, 
underw ater meadows, m ussel beds) th a t  create  m icro h ab ita ts  and  biotic 
conditions for th e  developm ent of juvenile fish. T he exception is cod 
spaw ning, w here th e  lim iting factors -  tem p era tu re , salin ity  and  oxygen 
-  are purely  physical; th e  biological com ponents of th e  spaw ning area are of 
secondary im portance . T he variable d iets and  diversified feeding strateg ies 
of th e  top  p red a to rs  (large cod, pike, pike-perch, salm on, corm orants, gulls, 
sea eagles, seals, porpoises) keep th e  ecosystem  in balance by controlling 
m edium -sized, fast-b reed ing  fish species. T his con trasts  w ith  th e  very 
selective and  extensive p red atio n  by hum ans th a t  ta rg e ts  th e  largest fish 
(Fig. 2). T hese processes are highly dependen t on and  vu lnerab le to  hum an 
activities; th ey  are also relatively well un d ersto o d  (e.g. a tlas  of spaw ning

55.00

15 16 17
longitude °E

18 19

•  1 * 2  0  3

Fig. 2. The location of the main fishing grounds in the Polish EEZ. 1 -  cod, 
2 -  herring, 3 -  salmon



Basis for a va luation  of th e  Polish  Exclusive Econom ic Zone 159

grounds in th e  Polish E EZ, extensive stud ies of top  p red a to r diets (W itek  
1995, Jackowski 2002)).

3.4 .5 . R em in era lisa tio n  and nu trien t control

In  th e  1990s, from  55 000 to  148 000 tonnes of n itrogen  and  from  5000 
to  9000 tonnes of phosphorus en tered  th e  G ulf of G dansk  from  th e  R iver 
V istu la  each year. D uring  th e  sam e period, from  39 000 to  99 000 tonnes 
of n itrogen  and  from  4000 to  7000 tonnes of phosphorus were carried  into 
th e  Szczecin Lagoon and  P om eran ian  Bay by th e  R iver O der (IM G W  1991 
-2000). Taken together, these two estuaries receive ab o u t a q u a rte r  of all 
th e  riverine n itrogen  and  ab o u t a th ird  of th e  to ta l phosphorus in p u t to  
th e  B altic Sea (H E LC O M  1989, 1998). N u trien t budgets, calculated  w ith  
th e  L O IC Z m ethodology (G ordon et al. 1996), have shown th a t ,  in th e  
G ulf of G dansk, 23% of th e  n itrogen  load and  34% of th e  phosphorus load 
were re ta ined  in th e  system  and  only 77% of th e  n itrogen  and  66% of th e  
phosphorus loads reached th e  open sea (W itek  et al. 2003). T he estim ated  
re ten tion  in th e  O der E s tu a ry  was a t a sim ilar level: th e  coastal system  
re ta ined  ab o u t 25% each of th e  n itrogen  and  phosphorus loads (Grelowski 
et al. 2000, P astu szak  et al. 2002). A ccording to  these calculations, 
all of th e  re ta ined  phosphorus and  a sm all p a r t of th e  re ta ined  nitrogen  
were buried  in th e  b o tto m  sedim ents, while th e  m ajo rity  of th e  re ta ined  
n itrogen  (>  70% in th e  G ulf of G dansk  and  >  90% in th e  O der E stu a ry ) was 
denitrified  and  th u s  u ltim ate ly  removed from  th e  ecosystem  (Table 3). On 
th e  o th er hand , n u trien t re ten tion  in sedim ents, here regarded as a service, 
m ay som etim es lead to  harm ful algal bloom s in coastal w aters, w hich tu rn s  
it in to  a disservice.

3.4 .6 . M o n ito r in g  e c o sy stem  h ea lth , in d ica tors, m arkers, th e  
d evelop m en t o f  n ew  tech n o lo g ie s, e tc .

A num ber of B altic species could be used as early  w arn ing  system s or 
environm ental quality  control organism s w ith  regard  to  chem ical contam i­
nation , m utagens and  pathogens th a t  are  difficult to  trace  chem ically in th e  
sea (R ainbow  et al. 2004, R zeznik-O rignac 2004, Sokolowski et al. 2004, 
Sm olarz et al. in press, W olowicz et al. 2006).

A num ber of m arine organism s are prospective biotechnological ta rg e ts  
for m edical and  pharm acological needs, since s trong  selection tow ards 
survival in cold and  brackish  w aters m ay have produced  unique genetic 
form s in th e  Baltic.
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3 .4 .7 . R ecrea tio n  and tou rism

Some eight million to u ris ts  visit th e  sandy  beaches of th e  Polish coastline 
every year (W eslawski et al. 2000). T his tou rism  su p p o rts  th e  local economy 
in areas such as catering, accom m odation  and  am enities. Developing 
rap id ly  in Poland , u nderw ater tou rism  is cen tred  on th e  readily  accessible 
shipw recks and  stony reefs in th e  G ulf of G dansk. All form s of recreation  and 
to u rism  are lim ited by th e  s ta te  of th e  environm ent, since no recreational 
activ ity  is p e rm itted  in po llu ted  areas (e.g. poor b a th in g  w ater quality).

3 .4 .8 . C u ltu re , ed u ca tio n , sc ien ce  — im p rov in g  (enrich ing) 
serv ices

P o land  has only two public educational facilities for th e  m arine sciences 
-  th e  G dyn ia  A quarium  and th e  M arine S ta tio n  in Hel -  w hich respectively 
received 500 000 and  300 000 v isitors in 2004. T his, com bined w ith  pop u lar 
docum entaries ab o u t th e  sea on b o th  Polish and  foreign T V  channels (T V P1 
and  T V P 2  -  Polish S ta te  Television; Discovery, N ational G eographic), shows 
th a t  th e re  is a g reat th irs t  am ong th e  public for m arine knowledge. If we add 
to  th e  above figures th e  num ber of v isitors to  th e  coastal Slowihski N ational 
P a rk  (over 300 000 per annum ), we have a num ber th a t  exceeds th e  overall 
annual a tten d an ce  a t Polish league football m atches (repo rted ly  700 000 in 
2004). Even so, in th e  p o p u la r m ind, it is foo tball -  th e  Polish ‘n a tio n a l’ 
sp o rt -  no t environm ental conservation th a t  has a powerful political lobby. 
T h e  aesthe tic  values of th e  m arine coastline influence its  cu ltu ra l landscape. 
T h e  a ttra c tiv e  environm ent and  easy com m unication am ong th e  people who 
live near or visit h a rb o u rs  and  th e ir  vicinities are key factors in th e  form ation  
of a m u lticu ltu ra l society, in w hich various ethnic and  racial groups can find 
niches for them selves. T hus, in con trast to  th e  situ a tio n  in o th er p a r ts  of 
P o land , m u lticu ltu ra lism  could be perceived as a fea tu re  com m on to  coastal 
com m unities. M ulticu ltu ra lism  is always founded on th e  open-m indedness 
of th e ir people tow ards o th er cu ltu res (B ouchet 4995, Joordens 4999).

In  presen t-day  Po land  th ere  are  few ethnic groups identify ing them selves 
w ith  th e  sea. O ne group of th e  K ashub ian  people is linked w ith  th e  Puck  
Bay area, th e ir  trad itio n a l fishing grounds, w here th e  in h ab itan ts  of a few 
villages in th e  area  still identify  them selves strongly  w ith  th e  trad itio n a l 
way of life (K uklik 2005).

T h e  m arine environm ent of th e  Polish E E Z  provides em ploym ent for 
an  estim ated  160 000 in h ab itan ts  (Table 4), and  th e  m ajo rity  of these 
jobs (70%) are dependen t on th e  hea lthy  s ta te  of th e  m arine ecosystem . 
A degraded m arine ecosystem  will only su p p o rt em ploym ent connected 
w ith  m ore trad itio n a l industries (shipyards, sh ipping), w hereas th e  rap id ly  
growing to u ris t and  service sectors are heavily dependen t on environm ental
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Table 4. Jobs in Poland directly related to the sea

Type of job directly linked to  the sea Estim ated 
num ber of 
employees

Dependence 
on the health 
of the marine 
ecosystem

Dependence 
on marine 
resources

m erchant seaman 10000 no no
salvage seaman, coastguard 1000 no no
deep-sea fishery 2500 high very high
inshore fishery 1000 high very high
am ber industry 20000 no very high
shipyard worker 15000 no no
coastal tourist services 80000 very high m oderate
sea fish processing 10000 high high
coastal protection & inspection 1000 low no
m aritim e education & research 1000 low m oderate
shipm ent of cargo & services 2000 low no
construction & maintenance of wind farms ??? low no
seabed mining 1000 low very high
harbour workers 10000 low no
yachting and other sea sports services 1000 high no
sta te  border defence and Navy 5000 low no
Total 160500

well-being. U nfortunately , m arine professionals in Po land do not have
m uch political clout (Table 5), unlike th e ir co u n te rp arts  in th e  trad itio n a l 
seafaring nations of th e  E U  like th e  U nited  K ingdom , Ireland , P o rtu g a l or 
Greece.

Table 5. Values and connotations linked with jobs directly dependent on ecosys­
tems in Poland

Ecosystem Typical job Values
associated

Negative
connotations

Political
im portance

forest forester relaxed, ‘na tu ra l’ none? medium
job

fields farmer hard  work w ith ec­ primitive, diffi­ very high
onomic risk cult fife

lakes and ri­ inland fisherman relaxed, poor, not not appealing negligible
vers exposed
sea seaman, sea fish­ independent, family prob­ low

erman manly, profitable lems
sea shore tourist service opportunity  to as w ith any ser­ low

meet lots of people vice job
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3.5 . B io log ica l va lu ation

Biological valuation  em phasises th e  uniqueness and  conservational value 
of selected areas (h ab ita ts , species). Am ong th e  proposed M arine P ro tec ted  
A reas in th e  Polish E E Z  (Fig. 3) is th e  S lupsk  B ank (Lawica S lupska), 
a un ique stony ou tcrop  rich in m arine life, which is located  in an  otherw ise 
uniform ly flat, sandy  area. T h e  N A TU R A  2000 area in P uck  Bay is 
located  in th e  only m arine bay in th e  Polish  EEZ, w hich contains m ost 
of th e  Polish coastal species and  h ab ita ts  (including th e  endem ic bivalve 
-  Parvicardium  hauniense, and  th rea ten ed  species like th e  red alga Fur­
cellaria fastig ia ta ), and  is an  im p o rtan t a rea  for w in tering  seabirds (www. 
io p an .g d a .p l/p ro jec ts /p u ck b ay ).

55.00 -
Stapsk  Shallows Marine

SPN
?o

B a y '' 
.o f Puck Vistula

Lagoon54.50 -

Marine
WPN

54.00

15 16 17 18 19

longitude °E

Fig. 3. Planned Marine Protected Areas and Natura 2000 sites in the 
Polish EEZ. 1 -  Wolihski National Park (MWP), 2 -  Liwia Luza bird 
reserve, 3 -  Slowihski National Park (SPN), 4 -  Mierzeja Sarbska, 5 
-  Biafogóra nature reserve, 6 -  Widowo nature reserve, 7 -  Gape
Rozewie nature reserve, 8 -  Nadmorski Landscape Park, 9 -  Beka bird 
reserve, 10 -  Redlowo botanical reserve, 11 -  Tri-City Landscape Park, 
12 -  P tasi Raj bird reserve, 13 -  Mewia Lacha bird reserve, 14 -  Kqty Rybackie 
bird reserve, 15 -  Mierzeje Wislana Landscape Park

3.6 . D isserv ices  g en era ted  by m arine ec o sy ste m  w ith in  th e  
P o lish  EEZ

P rob lem s in m arine areas are caused b o th  by n a tu ra l events and  by 
h um an-m edia ted  processes (Table 6). T h e  m ost significant n a tu ra l processes 
are sea level rise, sto rm s (and th e  consequent inundations of coastal land), 
erosion, eu troph ica tion  and  toxic bloom s. T he last-m entioned  are likely 
to  be hum an-induced  on a local scale, w hereas th e  o thers are large-scale 
clim atic phenom ena. L ong-term  Sea Level R ise (SLR) scenarios pred ic t 
th a t  th e  M ean Sea Level (M SL) will increase by 30 cm (ASLR1) to  100 cm 
(ASLR2) in 2100 (Zeidler 1992). T his m eans th a t  w hen sto rm  surges of
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1.5 m are added, th e  SLR im pact zone will ex tend  up  to  +2 .5  m above th e  
cu rren t sea level. In  practica l term s, th is  m eans th a t  ab o u t 150 000 people 
will have to  be re located  and  a fu r th e r 50 000 will be adversely affected. T he 
m easures u n d er discussion are Full P ro tec tio n  (F P ) and  re trea t. T h e  m ost 
sp ec tacu lar gains resu lting  from  th e  im plem entation  of F P  are expected  in 
th e  areas m ost likely to  be affected by floods: th e  cost of F P  is 2 billion euros, 
w hereas th e  value loss a t risk in th e  case of re trea t is estim ated  a t 7.5 billion 
euros. T he costs of n a tu ra l d isaster p revention are negotiable, since coastal 
defence need not be tak en  literally; according to  Helcom R ecom m endation  
158, n a tu ra l coastal processes will no t be d is tu rb ed . Some of th e  ecosystem  
disservices are a t least p a r tly  hum an-m edia ted  or induced (C O 2 emissions 
as a resu lt of th e  greenhouse effect, sea level rise -  see th e  web page of th e  
In tergovernm ental P anel on C lim ate C hange -  h ttp ://w w w .ip c c .c h /).

Table 6. Disservices caused by the marine ecosystem to the Polish EEZ

Disservice of the Problem caused Evaluation m ethod Estim ated
EEZ ecosystem m onetary value
sea level rise perm anent loss of land dam age costs avoided 

(full protection cost)
f billion euros 
(Pruszak 2003)

storm s and sea tem porary loss of land, dam age costs avoided ???
floods destruction of facilities
erosion and abra­ perm anent loss of land dam age costs avoided ???
sion (present protection costs)
toxic blooms tem porary drop in wa­

ter quality
costs incurred by tourists 
staying away; fish m ortal­
ity

???

eutrophication Loss of marine ecosys­
tem  quality

pollution Loss of marine ecosys­
tem  quality

pathology, para­ M ortality, food web
sites, diseases disruption, drop in 

food health
salt wedge in tru ­ drop in drinking water dam age costs avoided ???
sions into ground­ quality
water

4 . C o n c lu s io n s

•  M uch in form ation  on th e  Polish E E Z  still needs to  be gathered , since 
m ost of th e  po ten tia l environm ental values have yet to  be estim ated .

•  B e tte r com m unication betw een th e  n a tu ra l and  social sciences is 
u rgen tly  needed, especially in th e  light of new m ethodologies for 
environm ental economics th a t  are em erging in th e  EU.

http://www.ipcc.ch/
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•  O penness, p artic ipa tion , com petence and  tran sp a ren cy  should be 
guiding principles in th e  decision-m aking process regard ing  environ­
m ental issues.

•  T h e  lack of ju risd ic tio n  for M PA  in Po land  is th e  m ost serious th re a t 
to  in teg ra ted  coastal zone m anagem ent and  to  m eeting E U  directives.

•  A n economic analysis of M PA estab lishm ent should be th e  focus of 
fu tu re  environm ental p rogram m es in th e  Polish EEZ.
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