




















mined from a covering layer of phosphorite ore at
Maardu, near Tallinn. The GA was mixed up with
other overlying deposits, such as carbonate rocks,
sandstone, glauconite sandstone, and Quaternary
sediments, and piled into waste heaps.

Although the reserves of GA surpass those of
Estonian kukersite (oil shale), it is of a quality too
poor for energy production. The GA calorific value
ranges from 4.2-6.7 MJ/kg [Pukkonen and
Rammo, 1992] and the Fischer Assay oil yield is
3-5 % (for Estonian kukersite, it is about 30-47 %,
for example [Veski and Palu, 2003]). The moisture
content of fresh GA ranges from 11.9 to 12.5 %,
while average composition of the combustible part
is:C—-67.6% H-76%, 0-185%, N-3.6%
and S - 2.6 % [Lippmaa and Maremie, 2000].
However, considering it is a low grade oil source,
its potential oil reserves are about 2.1 billion tons
[Veski and Palu, 2003]. The Fennoscandian black
shale together with Estonian GA is considered to
be a potential energy reserve for the future.

The specific gravity of Estonian GA mostly varies
between 1800 and 2500 kg/m® [Petersell, 1997].
The content of pyrite in GA is also highly variable,
ranging from 1.5 % to 9.0 %, but concentrated
between 2.4 % and 6 %. Pyrite forms fine crystalline
disseminations, thin interlayers and concretions of
different forms and sizes. The diameter of the
concretions is usually 2-3 cm. Some concretions
are complex in structure and contain crystals of
galenite, sphalerite and calcite.

The mineral composition of GA is dominated by
K feldspar, quartz and clay minerals. In the lateral,
as well as vertical, dimension, the contents of the
major rock forming minerals show slight, but
pronounced variation patterns [Voolma et al.,
2013]. It seems that a higher degree of sulphide
mineralization within the GA is associated with the
occurrence of silt interbeds. Those interbeds might
also contain higher amount of other minor
authigenic compounds typical of GA — phosphates
(mainly apatite as biogenic detritus and nodules),
carbonates (calcite and dolomite as cement and
concretions), barite and glauconite. Organic matter,
constituting about 15 % to 20 % of the GA, is
sapropelic in origin [Pukkonen and Rammo, 1992]
andrichin N, S and O. The ratio of C and Hin OM is
about 9. The concentration of S ranges between 2—
6 %, of which 0.6-0.8 % is comprised of organic
matter, ca. 0.3 % is sulphatic, and the remaining
part is sulphitic S [Petersell et al., 1981]. Based on
previous geochemical exploration [Pukkonen and
Rammo, 1992; Voolma et al., 2013], three
geochemical zones have been distinguished in the
Estonian GA - the Western, Central and Eastern
zones. These zones differ mainly in the
concentration of metals, but also in lithology.

Estonian graptolite argillite resources

Most of the geological information on the GA is
obtained from basement mapping and exploration
projects conducted by the Geological Survey of
Estonia, which started in the 1950s. The vast
amount of detailed information on the GA lithology
and geochemistry was collected when Estonia’s
phosphorite resources were prospected in the
1980s. The previous estimates of the graptolite
argillite reserves in Estonia range from 60
[Petersell, 1997] to 70 billion tons [Veski and Palu,
2003] and little is known about the calculation
methods and the initial data (number of drill cores,
etc.) that were used. Although practically no new
data have been added during the last two decades,
the GIS based methods now allow us to obtain
better estimates of the total resource and metal
distribution [see Hade and Soesoo, submitted]. The
combined database of 468 drill cores [Estonian
Geological Survey & Estonian Land Board
database, see at www.maaamet.ee] has been used
as the initial data. The estimated area of the
Estonian GA on the mainland and islands is
12,212.64 km?, with a corresponding volume of
31,919,259,960 m® [Hade and Soesoo, submitted].
For instance, Estonian oil shale — kukersite —
occupies an area of 2.884 km’, and its reserves
(proven and probable) are about 5 billion tons
[Kattai and Lokk, 1998]. In order to calculate the
total weight of the GA, the value of the specific
gravity (density) is required. It is known [Petersell,
1997] that the density of the graptolite argillite
varies to a great degree, mostly between 1,800 and
2,500 kg/m®. So, assuming an average density of
1,800 kg/m’, the total mass of GA is about 57.45
billion tons, while in case of 2500 kg/m® the mass is
79.80 billion tons. Assuming the average density to
be 2100 kg/m®, the total weight of GA is about 67
billion tons, which is between the earlier estimates
of 60 to 70 billion tons.

Metals in Estonian graptolite argillite

The vertical and lateral geochemical
heterogeneity in the GA has not been well
understood, especially the scale of the
heterogeneity and specific distribution pattern
of the elements. Recently, a study on vertical
geochemical heterogeneity based on two cross
sections has shown distinctive differences
between the eastern and western part of the GA
[Voolma et al., 2013]. The previous geochemical
explorations revealed that the studied
sequences demonstrate pronounced vertical
variations in U, V, Mo, Zn and other element
concentrations. The common distinctive feature
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Fig. 2. Vanadium, uranium, zinc and molybdenum concentrations in the Estonian GA (in ppm) as modeled
using calculated average drill core analyses. The element concentration surface was modeled with the
Ordinary Kriging interpolation method using Gaussian semivariogram model (ESRI ArcInfo). Due to a
small number of drill cores, U concentrations were not modeled for the western Estonian islands

of the sections is the occurrence of highest
concentrations of the elements in the lower half
of the section.

The distribution of U, Zn, Mo and V in the
Estonian GA has been modeled and shown in
Figure 2. The initial data were selected from the
databases of the Geological Survey of Estonia and
the Institute of Geology at TUT. These elemental
concentration data represent the average
concentrations in the GA in the drill core. The
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central and western parts of the Eastern Zone
show the highest concentrations for V and Mo,
whereas V is also high in the southern part of the
Eastern and Central Zones. Uranium shows the
highest concentrations in the easternmost part of
Estonia, while in  Western Estonia the
concentrations show medium values and the
lowest values are characteristic of the Central
Zone (Fig. 2). U distribution has not been modeled
in the Estonian islands due to the small number of
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Fig. 3. A. Modeled uranium total concentrations (tonnage) in a cell of 400 m x 400 m at the thickness of the
graptolite argillite. The speci ¢ gravity of GA is set at 2100 kg/m’. Note that the highest total uranium tonnage is
observed in Western Estonia (up to 285 ton per cell), while elemental concentrations in ppm are the highest in
Eastern Estonia. B. The market value of uranium oxide (U,0,)in a cell as calculated at 90 US$ per kilogram

analyses. The high co ncentrations in the
southwest corner may be an artifact of the model,
since there are only a few drill cores available and
those show locally high contents of U. Generally, it
can be concluded that the concentration of most
of the metals (except Zn) is relatively low in the
Central Zone of the GA area.

However, it is important to emphasize that the
available chemical data are relatively unevenly
distributed  across the area and the present
geochemical generalization is informative, but
must be taken with caution. There is very little
data on the southern margin of the GA area, so
the concentrations may vary, but due to its
limited thickness (less than 0.5 m); the total
elemental amounts have not a ected the
calculations very much.

With respect to the standard values, such as
PAAS and NASC, the Estonian GAis extremely rich
in U and V. For example, the average U
concentration in the Saka section (267 ppm) is a
hundred  times higher than the corresponding
values for NASC [Voolma et al., 2013]. In case of
V, there is a nine-fold difference between the
concentrations in  NASC and the average
concentrations detected, for example, in the Saka
section, in Eastern Estonia (1,190 ppm [Voolma
et al, 2013]). In general, the U content of GA
shows quite a strong positive correlation with the

organic matter content, most likely indicating early
fixation via metal-organic complexes. At the same
time, no correlation of P,0, with other enriched
trace elements, such as U was detected.

As average metal concentrations are very
useful in indicating “poor” and “rich” deposits, the
total content of a certain element depends on the
thickness of the deposit layer. In order to calculate
the total amount of the element/metal based on
square meters, ESRI ArcGIS software was
employed. As an example, the total concentration
(tonnage) of uranium in the Estonian GA is shown
in Figure 3. This calculation is based: 1) on the
element/metal  grid which shows the element
distribution in ppm (e. g. Fig. 2 for U); 2) on an
interpolated grid of the GA thickness, in meters; 3)
by assuming the average density of the GA to be
2,100 kg/m? 4) since the element/metal and
thickness grids were calculated with the cell size
of 400 x 400 meters, the same cell size was used
for the calculation of the total amount of
element/metal.

The results of U tonnage (A) and market values
(B) within the cell of 400 m x 400 m (at the
thickness of GA in the area) are shown in Figure 3.
These calculations allow for the provision of a
more realistic total amount for the metal in the
Estonian GA (not just based on an average
concentration value in ppm). The calculated total
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weight of U is about 5.6656 million tons (6.6796
million tons as U,O,). Similarly, the calculations for
some other elements are provided in the paper by
Hade and Soesoo [submitted 05/2013]. Zn is as
high as 16.5330 million tons (20.5802 million tons
as Zn0) and Mo is 12.7616 million tons (19.1462
million tons as Mo0O,). The highest studied
element amounts show a somewhat similar
pattern — Western Estonia has the highest
potential, especially for U and Mo. However, there
are also distinctions between those elements. For
example, the Central Zone, where the enrichment
is the lowest, still shows high amounts of Zn. The
market value of these metals is high: about
US$ 460 billion for the uranium, US$ 30 billion for
the zinc and about US$ 350 billion for the
molybdenum, considering the average market
prices in April 2013. However, since a simple,
environment friendly and economical technology
has yet to be developed for the co extraction of
most of the enriched elements from GA, its
economic value remains theoretical.

Health and environmental impact

Sedimentary, unmetamorphosed black shale
has historically been used in Sweden and Estonia.
In Sweden, the Cambrian and Lower Ordovician
Alum shale has been known for more than 350
years. Mining the shale for alum began in 1630s in
Sk ne. The Alum shale was also recognized as a
source of fossil energy and, toward the end of the
1800s, attempts were made to extract and refine
hydrocarbons [Andersson et al., 1985]. Before
and during World War II, Alum shale was retorted
for its oil, but production ceased in 1966 owing to
the availability of cheaper supplies of crude
petroleum. During this period, about 50 million
tons of shale were mined at Kinnekulle and Nirke
in Sweden.

For uranium production, a pilot plant built at
Kvarntorp, Sweden, produced more than 62 tons
of uranium between 1950 and 1961. A small
uranium mill was constructed at Ranstad and went
on stream in 1965. The plant operated at reduced
capacity for 3 years producing about 300 tons of
yellowcake. The Alum shale was also burned with
limestone to manufacture "breeze blocks," a
lightweight porous building block that was widely
used in the Swedish construction industry.
Production stopped when it was realized that the
blocks were radioactive and emitted unacceptably
high amounts of radon.

Just after World War II, due to the atomic bomb
“competition”, the Soviet Union started looking for
uranium deposits. The nearest place where
geologists found large quantities of uranium ore
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(graptolite argillite) was in Northeast Estonia and the
first Soviet uranium processing facility was started in
a small town called Sillamée. The plant operated as
atop secret Soviet institution until 1991.

In addition, graptolite argillite is also a co
product of phosphorite mining in Estonia, so the
Maardu area near Tallinn is among the most
polluted regions in Estonia [Jiiriado et al., 2012].
During the opencast mining of phosphorite,
radioactive GA with average uranium content of
50 to 130 ppm, and a maximum of 300-450
ppm, was deposited in waste dumps. It should
be mentioned that the phosphorite in Estonia lies
directly below the GA. In 1989, opencast mining
at Maardu was carried out on more than 6 km”.
The mining and processing was discontinued in
1991. Today, waste hills in Maardu contain about
73 million tons of GA, which contains, with a
minimum content of 30 ppm U, totally as much
as 2.19 million kg of U [Jiiriado et al., 2012]. This
waste leaches into the surface water and
groundwater.

Under normal weathering conditions GA is easily
oxidizing, and spontaneous combustion can occur.
In some places, for example at Maardu waste hills,
in northern Estonia, the temperatures in the heap
occasionally exceeded 500 °C. It is interesting to
note that spontaneous combustion can occur in
heaps that are a few months or over 20 years old,
which leads us to the conclusion that some old
heaps can still be dangerous. These processes
lead to an annual leaching of 1,500 tons of mineral
matter per square kilometer of a waste dump and
the waste water being discharged into Lake
Maardu. In 1990, at the average temperature of the
heap, an estimated 520.3x10°tons of oxygen was
spent on oxidizing the rocks buried in the heap. The
amount of gases emitted from burning shale was
estimated as SO, - 10 tons and CO, — 73.3x10°
tons [Pihlak, 2009]. The effluent of the Maardu
opencast mine and processing plant, which was
directed into Muuga Bay (Gulf of Finland) delivered
up to 20.18 million m® of water with varying levels of
polluting elements each year. The amount of
dissolved minerals delivered into the sea was
estimated at up to 38.4x10° tons annually [Pihlak,
2009; Jirriado et al., 2012].

GA, if lying on or near the surface, is also a major
source for radon (Rn) in Estonia and elsewhere.
Very high radon concentrations of up to 10 000
Bg/m* have been recorded at some natural
outcrops of GA in the North Estonian Klint. Radon is
a highly radioactive and carcinogenic element
causing mutations, especially lung cancer.

In spite of the fact that the impact of black
shale on a nation's health and biological
environment is well recognized, little is being done




to quantify these impacts in a real and reliable
way. Moreover, only a small number of measures
are being taken to avoid direct contamination of
soil and groundwater and direct and indirect
influences on the local people. Sometimes,
contaminated black shale industrial areas are
used as a political instrument in decision making
or for someone’s commercial interest. In many
cases, those decisions bring no real
environmental improvement results.

There are areas in Estonia, Sweden and
elsewhere in Fennoscandia where black shale
forms the surfaces where humans live and
conduct their everyday activities, thus directly
influencing health and well being. For example,
there are a number of towns in northern Estonia
which are located in the area where graptolite
argillite crops out, including the capital Tallinn,
Paldiski, Kunda, Aseri and others. In Sweden, in
the focus for the current interest in Alum shale
mining is the Ostersund area, where people have
historically lived on the top of black shale. These
influences need to be quantified and measures

taken to minimize negative health and
environmental impacts. However, as nations
depend on mining and metal/electronics

industries, the need for new resources cannot be
neglected and a balance must be achieved
between the nation’s sustainable economic
development, exploitation of black shale
resources and public health. A new, modern,
science based revision of black shale resources
and related environments across Estonia — NW
Russia — Sweden - Finland — Norway would
definitely foster a better understanding of the
problem, and help to create an industrially and
environmentally sound expert model of the
Fennoscandian and Baltoscandian black shale
potential.

Moving towards a Fennoscandian
Baltoscandian Black Shale Database

Creating regional, large scale, across border
databases is not uncommon in geology.
Geological maps are the best and oldest form of
such information compilation, which extend
across political borders and continents. An
initiative group on the Fennoscandia Metallogenic
Map and Database, which involves specialists
from the geological surveys and other
organizations in Finland, Norway, Russia and
Sweden, has been active for more than a decade.
The work has resulted in well compiled, cross
border database and a digital map (see
http://en.gtk.fi/informationservices/databases/fo
dd/index.html).

The Fennoscandian Ore Deposit Database
(FODD) is a comprehensive numerical database
that includes the metallic mines, deposits and
significant occurrences in Fennoscandian Shield,
which could be part of the geological information
compilation and standardization, and be very
useful for future metal ore discoveries. The first
FODD metallogenic map was published in 2009.
An updated version will be available in August
2013. This database contains information on
about 1,700 (June, 2013) mines, deposits and
significant occurrences in Fennoscandia. The map
contains 168 major metallogenic areas, of which
46 are completely or partly in Finland, 40 in
Norway, 41 in Russia, and 41 in Sweden. The map
includes 24 areas that cross international border
(http://en.gtk.fi/informationservices). The databa
se and map contain information on the location,
mining history, tonnage and commodity grades,
with comments on data quality, geological setting,
age, ore mineralogy, and types of mineralization,
as well as genetic models and the primary sources
of data.

This range of information is also important in
“mapping” black shale. Our proposal is to compile
the geological, geochemical and environmental
information into the Fennoscandian
Baltoscandian Black Shale Database (FBSD) with
browser based visualization possibilities for
thematic maps (Fig. 4).

1. The database should include both
sedimentary and metamorphosed black shale from
the Precambrian and Lower Paleozoic ages. There
will be some overlapping with FODD data
concerning some Precambrian ores which had
formerly been black shale. However, compiling
Fennoscandian Precambrian and Paleozoic black
shale data according to a common standard may
even add some understanding of sulphide ore
geology, and especially environmental conditions.

2. The data structure should include: a)
location; b) geological setting and structure,
body/deposit size; c) age; d) major and trace
element geochemistry, calorific values; e) ore
mineralogy, style of mineralization; f) tonnage and
commodity grades with a comment on data
quality; g) genetic models; h) groundwater and

surface  geology/soil and hydro geological
parameters; )] data on biological
environment/harmful element assessment;

j) infrastructure and population density; k) data
source and I) mining history (Fig. 4).

3. The database should have GIS based, easily
browserable thematic layers allowing for the
assessment of specific impacts as well as
metal/element concentrations, additional resource
(oil, gas, etc.) potential assessment and more.
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Fig. 4. A possible database (FBSD) structure, inputs and outputs of the Fennoscandian — Baltoscandian black
shales database. Tight interaction with the Fennoscandian Ore Deposit Database (FODD) is envisaged

This database can then be used by a number of
specialists and officials including mineral
explorers and local government decision makers
for preparing environmental impact assessments,
as well as in infrastructure and social development
planning. This information is also very useful for
public health monitoring and development.

As far as the mineral resource part is
concerned, the European Commission already
took steps to improve the long term availability of
raw materials through the implementation of the
Raw Material Initiative in 2008. The Initiative lists
fourteen economically important metals and
minerals labeled as critical, that are subject to a
higher risk of supply interruption (e.g. REE, PGE,
Co, etc.). As some of these metals have been
concentrated in black shale, black shale too could
be under consideration as a source of some of the
EU’s critical metals in near future. Thus, the FBSD
initiative could fulfill several requirements at the
EU and national levels including resource,
environment, public health and economy policies.

Conclusions

The occurrence of Middle Cambrian to Late
Ordovician organic rich black shale deposits in
an extensive area of Baltoscandia has been
known for a long time. Alum shale, as well as
Estonian graptolite argillite (GA), contain
remarkably high concentrations of trace metals
such as U, Mo, V and Ni, but may also be
locally enriched with REE, Cd, Au, Sb, As and
Pt. So do the Precambrian metamorphic
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analogues of shale in Fennoscandia, some of
which are being actively mined. Apart from the
commercial interest in ore, there is an
environmental aspect related to black shale.
Mining in Sweden and Estonia has caused
significant damage to the environment. Close
or near surface black shale emanates radon;
weathering of shale releases harmful elements
into the soil and groundwater. Some
metamorphosed Precambrian black shale has
an environmental impact, even without being
mined. Since the Fennoscandian and
Baltoscandian black shale provides a large
lithological and geochemical variety of shale
and meta shale, with different genetic
characteristics and metal, sulfur and carbon
occurrences, and different environmental
aspects, there is need for a new and updated
assessment and re evaluation of this resource.

Based on the principal structure of FODD
initiative  (The Fennoscandian Ore Deposit
Database), our proposal is to compile cross border
(Norway, Sweden, Finland, Estonia, Russia)
geological, geochemical and environmental
information on black shale into the Fennoscandian
Baltoscandian Black Shale Database (FBSD) with
browser based visualization possibilities that
enable the creation of thematic maps.

The FBSD database should include both
sedimentary and metamorphosed black shale
of the Precambrian and Lower Paleozoic age.
The data structure should include: a) location;
b) geological setting and structure, body/deposit
size; c) age; d) major and trace element




geochemistry,  calorific  values; e) ore
mineralogy, style of mineralization; f) tonnage
and commodity grades with a comment on data
quality; g) genetic models; h) groundwater
and surface geology/soil and hydro geological
parameters; i) data on biological en
vironment/harmful element assessment;
j) infrastructure and population density; k) data
source; I) mining history. Most importantly, the
database should have a GIS based, simple,
browser accessed module in order to select
information and allow for the visualized
assessment of specific parameters (e.g.
distribution of element X) and impacts (release of
hazardous element Y into soil) as well as social,
medical and environmental impact assessments.

Some geological information, as well as
thematic maps (black shale thickness and depth,
elemental distribution, metal market value and
reserve), have been presented using the Estonian
graptolite argilite as an example. The total
estimated area of Estonian GA on the mainland and
islands is about 12,212.64 km?, with corresponding
argilite volume of about 31,919,259,960 m°’.
Assuming an average GA density of 2,100 kg/m’,
the total weight of GA is about 67 billion tons. The
calculated weight of U,Q, is about 6.6796 million
tons; ZnO is 20.5802 million tons; and MoO, is
19.1462 million tons. The market value of these
metals is high: about € 460 billion for the uranium, €
30 billion for the zinc and about € 350 billion for the
molybdenum at the average market prices in April
2013. However, since a simple, environment
friendly and economical technology has yet to be
developed for the co extraction of most of the
enriched elements from GA, its economic value
remains theoretical.
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ABSTRACT

Relationships between people and their environment have been examined in several scientific disciplines
as in modern societies sustainable development and clean environmental usage is a key issue to support
growing wealth and population numbers. A successful tool which allows matching qualitative and
quantitative data with numerically immeasurable opinion of local people is called Public Participation
Geographical Information System. We use this tool in Pakri peninsula, Estonia, to show how this method
can be used in assessment of landscape changes, environmental pollution and recreational qualities of the
area. The Pakri Peninsula was chosen for a pilot study because of its sensitive environment and very
complex and ambiguous natural, cultural, military and social history, including major impacts on local

landscapes during the two last centuries.

KEYWORDS: GIS methods, environmental protection, public participati

INTRODUCTION

Environmental issues remain in focus of
relationship between society and environment at
present and in the future. Moreover, in modern
societies sustainable development and clean
environmental usage is a key issue to support
growing wealth and population numbers. This in
turn requires much better planning in landscape,
natural resource and environment usage and better
human population accommodation. The new
approach should be able to grasp the relationship
between a number of variables as a whole, taking
into account the mnatural, historic, cultural,
economic, and social factors, in conjunction with
common human needs and environmental policies.
A tool which allows matching qualitative and
quantitative data with numerically immeasurable
opinion of local people is called Public
Participation Geographical Information System, or
PPGIS (Sieber, 2000).

Relationships  between people and their
environment have been examined in several
scientific disciplines in recent years in which the

, Pakri Peninsula, Estonia

concept of land use and better planning has become
central. New aspects and research methods are
constantly introduced, and an integrated approach
which includes examining the interchange between
natural, physical, culture-historical and social
factors and considers the social implications in
environmental planning, has gained popularity
(Cosgrove & Daniels, 1988; Jones, 1991; Bender,
1993; Duncan & Ley, 1994; Hirsh & O'Hanlon,
1995; Olwig, 1996; Cinderby, 1999; Grang, 2001;
Peil, 2005; Hade et al, 2005; Brown, 2006; Couper
& Miller, 2008; Brown & Weber, 2011; Brown,
2012).

The initial idea behind PPGIS was
empowerment and inclusion of marginalized
populations, who have little voice in the public
arena, through geographic technology education
and participation. PPGIS uses and produces digital
maps, satellite imagery, sketch maps, and many
other spatial and visual tools to change geographic
involvement and awareness on a local level. With
worldwide development of Internet, the Internet-
based PPGIS becomes an affordable and accessible
GIS tool for public engagement in many key issues
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of environmental planning. Here we present a case
study about Pakri peninsula, Estonia, to show how
PPGIS methods can be used in assessment of
landscape changes, environmental pollution and
recreational qualities of the area.

PUBLIC PARTICIPATION GEOGRAPHIC
INFORMATION SYSTEM METHOD

The term Public Participation Geographical
Information System (PPGIS) was conceived in
1996 at the meeting of the National Center for
Geographic Information and Analysis (NCGIA) in
the United States to describe how GIS technology
could support public participation for a variety of
applications with the goal of inclusion and
empowerment of marginalized populations (Sieber,
2006). Since the 1990s, the range of PPGIS
applications has been extensive, ranging from
community and neighborhood planning to
environmental and natural resource management to
mapping traditional ecological knowledge of
indigenous people or local society (see Dunn,
2007; Brown, 2005; Sawicki & Peterman, 2002 for
a review of PPGIS applications and methods).
However, the formal definition of PPGIS remains
still nebulous (Tulloch, 2007) with use of the term
PPGIS emerging in the United States, Australia
and developed country contexts while the term
participatory GIS or PGIS emerged from
participatory planning approaches in rural areas of
developing countries, the result of a spontaneous
merger of Participatory Learning and Action (PLA)
methods with geographic information technologies
(see Rambaldi et al, 2006). PGIS is often used to
promote  the goals of nongovernmental
organizations, grassroots groups, and community-
based organizations that may oppose official
government policy, especially as pertaining to the
rights of indigenous/local peoples and the current
distribution of wealth and political power. In
contrast, PPGIS may be sanctioned by government
agencies, especially in Western democratic
countries, as more effective means to engage in
public participation and community consultation in
land-use planning and decision-making.

The public participation is a vital part of
environmental planning. It is not only dealing with
deliberate  hearings, but also seeking and
facilitating public involvement in planning topics
and the decision-making process (Goodspeed,

2008). Effective participation is a two-way process
that includes sending information out to the publics
and getting back their ideas, concerns and thoughts.
The resulting “map of public positions, attitudes
and wishes” is a good base for democratic and
scientifically settled planning activities.

How the method works? Mapping of landscape
and environment values, pollution and other spatial
attributes can be achieved using a number of
different data collection methods: paper maps
through mail surveys, electronic maps through the
Internet, and structured interviews or facilitated
group processes such as workshops. Each approach
has its inherent strengths and weaknesses. Even
though the paper GIS method is the simplest
method for collecting landscape value information
from the general public, it may be not the cheapest
and fastest. Following the instructions provided
with a paper map, participants place sticker dots (or
use other markers) on a study area. The
respondent’s data on the maps are then digitized
into a GIS. Structured interviews or facilitated
group meetings can be done with either paper or
electronic maps, but considerable human effort is
required to set up the interviews or meetings.
Electronic mapping via the Internet can have the
shortest turnaround time but has the disadvantage
of requiring prospective participants to have access
to both a computer and the Internet. However, the
internet questionnaire provides the participants an
additional freedom of not disclosing his/her
personality. The internet-based study can be
implemented and completed using some digital
map-based interface and data storing software. The
Internet-based PPGIS method provides for rapid
development and implementation of the studies at
significantly reduced cost compared with a mail or
workshop-based approach.

Once the spatial data are collected, the data can
be analyzed using a variety of methods. The most
useful starting point for analysis is to generate
descriptive maps of topics under the questions
(landscape values, special place locations, pollution
etc.). The maps can be generated for each
question/problem with different layers, if needed.
The resulting maps can be analyzed by researchers
and/or open for discussions by participants and
other local society members for future elaborations
and adequate decision-making. This is a good way
to map the society’s response to particular
problems before the decisions are made.
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The explosion in Internet mapping applications
(including Google Maps and Google Earth) and
virtual earth models has created an environment
that should be favorable to the expansion of PPGIS
methods in everyday life. However, the slow
adoption of PPGIS methods by government
agencies for regional and environmental planning
does not appear technological but may reflect a
lack of government commitment to public
participation and two-directional consultation in
general. The general lack of familiarity with PPGIS
as a new consultation methodology and concerns
with the accuracy and validity of lay knowledge in
environmental decision processes serve to reinforce
a propensity toward agency inertia.

THE PAKRI PENINSULA CASE STUDY

Pakri Peninsula was chosen for a pilot study
because of its sensitive environment and very
complex and ambiguous natural, cultural and social
history, including major impacts on local
landscapes during the two last centuries. Several
projects have been launched on the Pakri peninsula
in recent years, but there is still lack of reliable and
unified understanding how the recent changes
affect local perception (Hade et al, 2005).

Pakri peninsula is situated in the northwestern
part of the Estonian mainland, Harjumaa County,
between the Lahepere and Paldiski Bays of the
Baltic Sea. The length of the peninsula is about 12
km, the width is 5 km, and the area in total is ca 35
km’. Geologically, Pakri peninsula is a plateau
which is bordered by the Ordovician and Cambrian
limestone and sandstone outcrops. The highest part
of the limestone cliff on the Cape Pakri is about 25
m above the sea level. The relief of the peninsula is
flat, with some ice-edge formations, like ridges and
moraines. The Quaternary cover is mainly gravel
with thickness ranging from some centimeters to
some meters. The Pakri peninsula is a colorful
example of the northern coast of the North-
Estonian Klint with its peculiar landscapes. The
peninsula is edged by a klint escarpment, thus
being one of the most remarkable klint sections of
the entire Baltic Klint (Soesoo & Miidel, 2006).
The northwestward rising limestone plateau of the
klint peninsula is nearly 25 m high at the northern
tip of the peninsula (Cape Pakri) and as high is the
bordering escarpment. From west of Paldiski, up to
Kersalu in the east (for 18 km in total), the klint

peninsula is bordered by a 2-24-m-high
escarpment. Five separate coastal cliffs are
differentiated here: Paldiski, Uuga, Pakerort,

Leetse and Lahepere.

Historically, the deep and wind-sheltered
Paldiski Bay has attracted seafarers already since
the times of the Vikings. In the 17th century, the
Swedes established a sea fortress. Peter the 1st
planned to build a giant military port of Rogerwiek
here. Construction of the port started in 1716.
Despite the efforts of thousands of convicts, the
planned 2-km-long giant facility was not
completed and later the completed part was quite
soon destroyed by autumn storms. In 1762,
Catherine IT renamed the sea fortress of Rogerwiek
to Baltiiski Port. The precipices and hills preserved
from the fortress at the northern edge of the town
are popularly known as the Peter’s Fortress or
Muula Hills. After the town came into the
possession of Estonians, it was renamed as Paldiski
in 1920.In May 1940, civilians were deported
from both the Pakri peninsula and Pakri Islands
were to build Soviet military facilities here. In
1941, the area was occupied by the Germans, who
burned down the town and the port at their
withdrawal in 1944.

In the post-war period, the Pakri peninsula and
Paldiski town were the military sites of the Soviet
Army. In 1962, Paldiski became a Soviet
Navy nuclear submarine training center. Two PWR
type nuclear reactors, 70 and 90 MW in output
power, were used for training in safe operations of
the nuclear Delta and Echo class submarine
propulsion systems. With two land-based nuclear
reactors, and employing some 16,000 people, it
was the largest such facility in the Soviet Union.
Because of its military importance, the whole town
was closed off with barbed wire until the last
Russian warship left in August 1994. Apart from
two submarine hull sections, several other
pollution-related facilities existed on the site,
including liquid waste storage and treatment
facilities.

The initial study was carried out in 2003 and
followed by second study in 2010. The
geographical map based questionnaire was used in
both as printed and web-based forms. People living
in Paldiski town and on the Pakri peninsula were
eligible to fill out the forms. Majority of local
population preferred the web-based questionnaire.
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After defining anonymously person’s  sex,
education and age, the participant moved to a set of
maps where by using the paintbrush tool (in web-
based version) or color pencils (in paper version)
he or she could give answers to the questions
which included the following topics:

Where are located the most polluted areas in the
peninsula? Where has the landscape changed most
during the last decade in the peninsula? Which
places do you prefer in the peninsula for
recreational activities/free time?

Separate maps were painted according to
person’s knowledge and preferences. Then the
printed maps were digitised. In the Adobe Flash
Web-based interface the coordinates of painted
sections were recorded and saved in MySQL
backend database in the server with php scripts. By
digitally summarizing all (answered) maps sheets,
the resulting maps showed in colour grades the
topical perception of local people (see Fig. 1).

Figure 1 exemplifies the local perception of the
question/problem — “Where has the landscape
changed most during the last decade in the
peninsula?” As seen, the drastic changes happened
before year 2000 and in early 2000, while 2010
results show already diminishing impact on the
landscape (Fig. 1). This is also true for other
environmental changes, including pollution. These
results show that the major landscape change and
environmental impact was related to the period
when Soviet troops abandoned the area. However,
the extent of environmental impact during the
location of the Soviet military camp on the Pakri
peninsula is unknown because the area was closed
and no such studies were conducted. Likely, the
period of 10 to 15 years is minimum time to get
first results on land and environment rehabilitation
and, thus, change the perception of local people.

CONCLUSIONS

Environmental issues remain in focus of
relationship between society and environment. A
new approach is needed to assess all social,
ecological, economic and natural variables in
community decision-making process. A tool which
allows matching qualitative and quantitative data
with numerically immeasurable opinion of local
people is called Public Participation Geographical
Information System, or PPGIS. Pakri peninsula
was chosen for a pilot study because of its sensitive

environment and very complex and ambiguous
natural, cultural and social history, including major
impacts on local landscapes during the two last
centuries. The initial study was carried out in 2003
and followed by a second stage in 2010. The
geographical map based questionnaire was used in
both printed and web-based forms. The results
were summarized as colour-graded maps showing
perception of local people in environmental
pollution, landscape change and recreational
domains. This is a suitable way to map the
society’s response to particular problems before
making the local and regional decisions.
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Figure 1. Resulting sketch-map of the public geographical map-based questionnaire showing local people perception
to the question “Where has the landscape most changed during the last decade in the peninsula?” The study was
conducted in 2003 (A) and repeated in 2010 (B). Previous Soviet military sites are shown (presently not operational).
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