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Basic element

Charter, in 1972, the Council of Eu-

rope demonstrated its concern at the
future of one of our basic natural resources.
Like air and water, soil had previously been
considered a necessary, indeed fundamen-
tal, element whose availability could always
betakenforgranted. Whatamisconception!

By promulgating its European Soil

The truth is that, although apparently infi-
nite, soil has limits that are often discovered
all too late. Take for example, the sediment
tobe foundin drinking water. Its presence is
asignthatthesoilhasbeenunable, orhasnot
had sufficient time, to purify the water that
seeps down to underground aquifers. Good-
quality soil is essential not only to plants
which grow in it, but also to animals and hu-
man beings which depend on plants for their
food. Now that we have realised the value of
soil and the scale of the dangers threatening

it, we should take action to restore itsregen-
erative capacityinthesame way asforairand
water.

InOctoberaministerial conference washeld
in Brussels for the purpose of studying soil
protection in both qualitative and quantita-
tive terms. The results of the conference are
expected to prove significant.

In this issue of Naturopa soil problems are
“earth-science conservation”, a new ap-
proach which studies soil in its four dimen-
sions: length, width, depth and time.

Naturopa 66, which will be appearing in
spring 1991, will be concerned with fresh-
water fish and their biotope, providing an
important accompaniment to the Naturopa
Centre’s campaign on the subject. =

H.H-H.

early thirty years ago the Council of
NEurope becamethe first Europeanin-

tergovernmental organisation to take
aninterestin environmentissues. Itis now us-
ing its experience in the service of one of the
majorenivronment problems facing oursoci-
ety: soil protection.

The soil is the foundation of all life on earth,
the very basis of our food production, the
ground on which all human facilities are built
and a key factor in the functioning of the
earth’s ecosystems, and conflicts between its
manifold functions and uses are inevitable.
As it becomes increasingly polluted by heavy
metals, phytosanitary products and dis-
charges, threatened by concrete and growing
urbanisation, and impaired by overuse and
inappropriate methods of cultivation, its vital
productionandfiltering functions are becom-
ing the subject of increasing concern. The
soil, and the water it contains, must be man-
aged from the twin viewpoints of quality and
quantity.

Asearly as 1972, the Committee of Ministers
ofthe Councilof Europeadopteda Soil Char-
ter setting out the basic principles for rational
use of the valuable natural resource.

Atthe fifth Ministerial Conference onthe En-
vironmentin Lisbon in June 1987, the Minis-
ters unanimously requested the Council of
Europe “tostudythe possibilityof drawing up
an appropriate draft convention on soil pro-
tection”. A feasibility study was accordingly
carried out on national and/or international
measurestoprotectsoil and underground wa-
ter.

This study defines the concept and functions
of the soil, gives a general description of the
causes of natural or man-induced deteriora-
tionandreviewsthe variousprotectioninstru-
ments and measures which exist at national
and international level. It shows clearly that
aninternational instrument taking systematic
account of all aspects of soil conservation is
sadlylacking. Thereare four ways of remedy-
ing this situation:

revising and updating the European Soil
Charter;

drawing up a specific Council of Europe
work programme on soil protection;

preparing a recoinmendation to member
governments on the introduction of con-
sistent soil protection policies;

drawing up a European convention on
soil protection to give an international
framework to co-aperation. The conven-
tion could be supplemented by protocols
as and when required by changes in the
principal soil protection problems and
technical and scientific progress.
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Belgium is delighted to have hosted in Brus-
selsin October 1990the European Ministerial
Conference onthe Environment at which this
question was discussed. The Ministers con-
sidered the feasibility study and opted for
what they regarded as the most appropriate
instrument for co-operation in soil protec-
fion.

At the conference, the Ministers also con-
sidered the text of a European Conservation
Strategy, a declaration whose purpose is to
enable governments to back an integrated en-
vironment protection policy and to establish
an overall framework for future Council of
Europe work in this field. Protection of the
key constituents of Earth’s ecosystems,
namely Air, Waterand Soil, is naturally a part
of the strategy, which alse covers, for exam-
ple, the protection of biodiversity and the
problems raised by development, transport
and recreational policies and genetic en-
gineering.

The Brussels Conferencealso gave the Minis-
ters the opportunity to discuss the achieve-
ments of the Convention on the Conservation
on European Wildlife and Natural Habitats
(Berne Convention), which has to date been
ratified by 21 member states, Senegal, Burk-
ina Faso and the EEC and is being viewed
with increasing interest by Central European
Countries. There can be no doubtthat the im-
portance of its work makes the Brussels Con-
ference a milestone in the assertion of the de-
termination of all European countries to co-
operate in order to shape a Europe in which
the quality of life and respect of democracy
remain fundamental values, those which
the Council of Europe has constantly

defended.

Miet Smet

State Secretary for the Environment
and Social Emancipation of Belgium.
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Soil is one of humanity’s most precious

assets. Itallows plants, animals and man.
tolive on the earth’s surfacg. !

. Soil is a limited resource which is easily

destroyed.

. Industrial society uses land for agricul-

ture as well as for industrial and other
purposes. A regional planning policy
must be conceived in terms of the prop-
erties of the soil and the needfgf today’s
and tomorrow’s society. L

. Farmers and foresters must apply

methods that preserve the quality of the
soil. =
Soil must be protected against erosion.

Soil must be protected against pol-
lution.

Urban development must be planned so
that it causes as little damage as possible
to adjoining areas.

In civil engineering projects, the effects
on adjacent land must be assessed dur-
ing planning, so that adequate protec-
tive measures can be reckoned in the

- Cost.

An inventory of soil resources is indis-
pensable.

. Further research and interdisciplinary

collaboration are required to ensure
wise use and conservation of the soil.

Soil conservation must be taught at all
levels and be kept to an ever-increasing
extent in the public eye.

Governments and those T
e visla i
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Quality as well as

Hector Hacourt

The 12 guiding principles of the Euro-
pean Soil Charter, which all those in
positions of responsibility, at what-
ever level, must endeavour to apply in the

sphere of their activities, were adopted by
the Committee of Ministersin 1972.

Described in a few strokes, the Charter can
be said to cover the notion of soil as a limited
resource, itsappropriate use by farming, for-
estry, urban development and construction,
methods forits protection (inventory, scien-
tific  research, interdisciplinary co-
operation, teaching and information) and
the responsibility of governments and those
in authority.

The European Soil Charter, now 18 years
old, isstill, unfortunately,atopicalissue. Itis
perhapsevenmore topicaltodaythanin 1972
since environmental problems, particularly
those concerning natural resources are now,
in 1990, even more acute on account of the
dramatic growth of our industrial society.

Forgotten element

Much has been said about air, water and
openspaces, butvery little aboutsoil. Whyis
this? Because it is probably difficult to an-
swer the question “Whatissoil ”. To the lay-
man, soil is a surface for cultivating, plant-
ing, building and digging. In short, the soil
we walk on everyday is the base for human
activities.

For the experts, the notion of soil is much
more complicated since this resource is a
very complex medium, continually under-
going both natural and artificial transforma-
tions. There are various definitions of soil,
whichareoftenrelatedtoitsfunctions. Some
of these definitions are better than others,
but they rarely paint an accurate picture of
this both complex and fragile natural re-
source.

After numerous discussions, a group of ex-
perts on soil protection, working in the
framework of the Council of Europe’s pro-
grammeofactivities, arrived at the following
definition:

“Soil is one of the earth’s ecosystems
and is situated at the interface be-

quantity

tween the earth’ssurface and the bed-
rock. It is subdivided into successive
horizontal layers with specific physi-
cal, chemical and biological charac-
teristics. From the standpoint of the
history of soil use, and from an eco-
logical and environmental point of
view, the concept of soil also em-
braces deep, porous, sedimentary
rocksand other permeable materials,
together with their reserves of under-
ground water”.

Thus defined, the soil can reach consider-
able depths and therefore includes, in some
contexts, the concept of land.

On the basis of this definition, six basic soil
functions can be identified:

— biomass production;

— filtering, buffering and transforming ac-
tion;

— biological habitat and gene reserve;
— physical medium:

— source of raw materials;

— cultural heritage.

Untilrecently, the soilcouldberegardedasa
relatively balanced medium, requiring little
in the way of external energy forms and raw
materials.

Changes

The last few decades have witnessed the ar-
rival of the consumer society, which has cre-
ated greater demand for land for human
settlements and infrastructure and greater
demand for food, which in turn has necessi-
tated higher agricultural yields; hence the
wider use of fertilisers and plant treatment
substances. These rapid changes have inter-
fered with the soil’s physical, chemical and
biological properties, consequently placing
a great strain on its capacity to fulfil its func-
tions, causing irreversible damage in some
cases.

Allthishasledtosoil beingregarded notsim-
ply from the standpoint of the protection of
its properties (qualitative protection), but
also from the angle of its use (quantitative
protection). Thisapproachisreflected in the
resolutions adopted at the 1987 Lisbon
meeting of the European Ministerial Con-
ference on the Environment and the 1988
Lausanne meeting of the European Confer-
ence of Ministers responsible for Regional
Planning. It is also the approach behind the
Council of Europe’s programme of activities
in the field of spatial planning, which we will
return to later.

Asacentralelementofall ecological interre-
lations, the soil is a vital resource. Further-
more, itisan easily identifiable assetand has
anacceptedlegal status, unlike othernatural
resources. However, it should be noted that
until recent years, legally speaking, soil was
the poor relation since it was not regarded as
an essential element of the environment.
The only exception to this rule was when soil
wasregardedasaphysical medium for public
or private property (urban development,
spatial planning and so on). There are sev-
eral reasons for this situation:

— the complexity of the problem: it is diffi-
cult to pinpoint in legal terms all the fac-
torsinvolved;

— the dangers that threaten soil are often
initially diffuse and become apparent
only in the long term, and are not gener-
ally spectacular in the way that the natu-
ral disasters of recent years have been;

— most people, no doubt through igno-
rance, have the impression that soil is not
a dynamic medium and that it cannot
therefore suffer damage from pollution;

— the impression also exists that soil is not,
strictly speaking, a natural resource and
thatitis therefore an endless resource;

— unlike water and air, for which our needs
are permanent (we drink every day and
we breathe continuously), soilisnot con-
sidered by individualstobe vital to them.

wh



Sectoral approach

In most countries, soil protection does not
feature as such in legislation it is simply in-
corporated into legislation on environmen-
tal protection in general which is itself very
often sectoral. Since the realisation that soil
pollution was developing in some areas, ex-
acerbated no doubt by the spread of ground-
water pollution by nitrates and phosphates,
there has in recent years been a widespread
tendency to set the problem of soil degrada-
tionapart from general environment policy.
Thus some countries have incorporated soil
into their environment policy other than in-
directly or passively.

Many international organisations, both
governmental and non-governmental, are
workingonsoil protectionissues. The Coun-
cilof Europe hasnotfailedinitsduty:soilisa
priorityfieldinits programme of activities. It
should be noted that the Parliamentary As-
sembly and the Standing Conference of Lo-
caland Regional Authoritiesof Europe have
long been working in this field. These two
bodies have produced a number of recom-
mendations proposing concrete measures to
consider the soil as a natural resource in the
same way as air, water and habitats, and to
preserve the quality of its physical, chemical
and biological properties.

The twoMinisterial Conferences mentioned
earlier also dealt with soil problems. They
addressed resolutions to the Council of
Europe requesting the Committee of Minis-

Wild tulips in Alsatian vineyards: soil protection

ters, first, to examine the possibility of pre-
paring a draft convention on soil protection
and, secondly, to take account of certain
principles for a rational land-use policy. Ur-
ban development must be better regulated
through national, regional and local devel-
opment plans, promoting land use thatis un-
wasteful and, in principle, reversible.

Other activities undertaken at intergovern-
mental level have a direct effect on soil pro-
tection. Aspartofitsactivities, the Commis-
sion of the European Communitiesis asking
itsmember states to reduce the area of farm-
land in order to try to reduce food stocks. In
our opinion, any agricultural land that is set
aside should always be reclaimable by agri-
culture since it is impossible to predict the
human population’s food requirements in
the medium and long term.

Natural landscapes

The Council of Europe is endeavouring to
define principles that could be applied in or-
dertorecover thisset-aside farmland for na-
ture conservation purposes. The aim of the
operation is to restore the greatest possible
numberofnatural habitats, whichisthe prin-
cipal means of preserving plant and animal
wildlife species. Thisinturnisthe only way of
guaranteeing the preservation of the genetic
heritage, whichmustremainasdiversifiedas
possible. The protection of the traditional
rural landscape not only has aesthetic and
cultural implications, but also directly influ-

ences soil quality. The Council of Europe is
workingalongtheselineswiththe aimofpro-
tecting, creating or recreating natural land-
scapes, including rural landscapes, so as to
preserve the European environment’s char-
acteristic diversity.

Evidently, this is a huge task and nowhere
near completion. It is vital that this indis-
pensable natural resource be protectedsince
it is the base of our agricultural, forestry,
tourist, social and economic activities, For-
tunately, the real value of the soil is now
known. Withoutgood-qualitysoil capable of
fulfillingits functions, mankind will be faced
with disaster. Desertification in Africa, and
principally the countries of the Sahel, should
serve asawarning thatmustalertustotheur-
gency of the real issuesinoursurvival. W

Ing. H. Hacourt

Principal Administrative Officer
Directorate of the Environment and Local Authorities
Council of Europe

G. Lacoumette

No-till agriculture

Jan De Ploey

loess areas of north-western Europe

just south of the Baltic plain. The loess
beltstretches fromsouth-east England, over
northern France and central Belgium, into
North Rhine-Westfalia and Lower Saxony.
It covers about 8-10 million hectares of
which several million hectares of arable land
are estimated tobe affected by unacceptable
soil loss rates of the order of tens of tons per
hectare per year. This traditional cereals-
sugar beet belt corresponds to an open field
inarolling hilly landscape with a relief of the
order of 50-100m. Quaternary entrench-
mentofvalleyshascreatedanerosion poten-
tial. Rill erosion is very likely to occur on
slopes exceeding 4-5% for hydraulic rea-
sons. Topsoil degradation, including heavy
sealing and crusting, and high runoff coeffi-
cients often characterise arable layers, with
low consistency. A very critical period of the
yearforsoilerosionis April-June whenmost
topsoilsarestill poorlycoveredandrainfallis
most aggressive.

Soil conservation is a necessity in the

Insome catchments with mean slopes below
4-5% overland flow production still is high
and temporary creeks may entrench thal-
wegs. Therefore, a certain distinction can be
made between conservation measures on
slopes and thalweg protection.

In the Huldenberg area

Huldenberg is situated between Brussels
and Leuven, within the Belgian province of
Brabant, which belongs to the central part of
the above-mentioned loess belt. The loess
mantle there is often very thin, less than one
metre, overlying sterile sediments. The first
long-term objective of erosion control has to

be the preservation of the loess mantle for in
some parcels farmers are already ploughing
into sands or clays.

Erosion in general cannot be eliminated by
simple interventions like contour-tillage,
strip cropping or ploughing the land in a
rough cloddy condition. Years of field re-
search and discussions with farmers have led
to one convergent opinion. Under the hy-
pothesis of crop rotations remaining essen-
tially the same in the near future. efficient
erosion control can only result from the ap-
plication of conservation tillage. The alter-
native is a thorough restructuring of topsoils
to reduce erodibility and increase infiltra-
tion rates. The latter solution is technically
feasible but is seriously hampered by finan-
cial constraints. Even greater are the prob-
lems with astrategy towards reforestation or
turning land into pastures.

In 1985 the Leuven Laboratory Experimen-
tal Geomorphology decided to test the no-
till technique starting with winter barley.
The practice of no-tillage means that drilling
takes place directly into the stubble of the
previouscrop, which protects the topsoil asa
mulch. All no-till experiments since then
have been set up in collaboration with local
farmers, without preliminary testson proper
experimental plots.

Slopes very between2% and 20% . Onsome
parcels, rills formed under preceding con-
ventional tillage had tobe filled up before di-
rect drilling. Planting of winter barley oc-
curred at the beginning of October and
harvesting took place around the beginning
of August. The programme of application of
herbicides and pesticides was decided by the
farmers and was identical to the one on con-
ventionally tilled parcels. Hitherto no spe-
cificweeds ordiseases apeared but evidently
thetestperiodismuchtooshorttoexpectany
significantevolution. Information on details
of the operation can be obtained in Leuven.

The no-till planter used in 1987 is a second
prototype built in collaboration with a local
factory. Seed is planted at adepth of 2-3cm

Lacoumette

G.

Soil erosion with gullying. During 5 to 6 months of
the year topsoils are nearly bare and exposed to the
erosive agenis

in furrows opened in the stubble of the pre-
vious harvest by a chisel-type unit. The
sowing-pipes are very close to the furrow
openers and seeds are injected under slight
air pressure so as to have maximum effi-
ciency of no-till sowing.

Asexpected, rill erosion is completely elim-
inated on the no-till parcels. During heavy
rainstorms, runoff coefficients are still high
but load concentrations are very low.

The specifications of the no-till campaign
can be summarised as follows:

1985-86: 1farmer, 1 parcelof 1.4 ha, winter
barley

1986-87: 3 farmers, 3 parcels totalling
2.6ha, winter barley

1987-88: 5 farmers, 6 parcels totalling
8.2ha, winter barley and 1 parcel
with winter wheat

1988-89: 4 farmers, 4 parcels totalling
4.2ha, winter barley

Yields of winter barley (5.6 to 7.2 tons/ha,
but 1987 was a wet year) were equal or supe-
rior to the mean values obtained in the farm-
steads. Farmers manifestly appreciate the
effectofevidentreductionofsoilerosionand
also a certain saving of labour, energy and
time.

The no-tillexperiments have promoted, asa
spin-off, fundamental research on the differ-
ential effects of compaction and mulchingon
soil erosion. |

Prof. J. De Ploey

President of the European Society of Soil Conservation
Laboratorium voor Experimentele Geomorfologie
Instituut voor Aardwetenschappen

Redingenstraat 16 bis

B-3000 Leuven



Divergent interests

Marius Baschung

situation which may be observed in

Switzerland. It is a country of some
41,000 km®, of which 67.4% consists of
mountains, rocks, ice and snow, lakes, for-
ests, alpine pastures and low-yield grass-
lands. Humansettlements—includingin par-
ticular housing, premises used for
professional purposes, means of transport
and public services — and areas used for sup-
plies or relaxation and leisure activities take
up the remaining 13,500 km*. The popula-
tion lives largely in these areas. 90% of the
inhabitants live at an altitude of 800 metres
or more and occupy 18% of the country’s
surface area. This makes the population
density equal to about 780 inhabitants per
km®.

The followingthoughtsarebasedonthe

A decisive element in the way land use is or-
ganisedisthe principle, laiddownin the Fed-
eral Constitution, whichrecommends “judi-
cious and rational land use™.

The regulation of land use, which is one of
the main objectives of regional planning, is
supposed to guarantee an economical ap-
proach toit. Inany case, thatis how the con-
stituional provision is interpreted in Arti-
cle 1, paragraph 1,ofthe Lawof22 June 1979
onregional planning. Hence itis the respon-
sibility of the Federal State, cantons and the
municipalities to harmonise their activities
andimplementasettlement policy whichfol-
lows national guidelines. To achieve this,
public activities must be co-ordinated ac-
cording to the amount of space available
and, aboveall, balancedland use mustbe en-
couraged according to the various needs—
not only public, but also, to a much greater
extent, private. No matter where this situ-
ation arises, the Federal State, cantons and
municipalities must be mindful of the facts
concerning the natural environment as well
as of the needs of the population and the
economy. Thelawexpresslystatesthatinthe
regulation of land use —one need only think
of municipal town planning schemes—the
different interests at stake must always be
carefully balanced: that is regional plan-

ning's primary or, one might say. ethical
function. Whence the obligation to guaran-
tee a plurality of uses — for housing, profes-
sional activities, agriculture. leisure activi-
ties etc. Particular care must be taken in this
contexttoprotect,asfaraspossible, allinter-
ests, including those which have no lobby to
defend them. Moreover, regional planning,
which has always been a powerful means of
protectingthe environment, mustmore than
ever contribute to preserving the ecological
balance at municipal, regional and national
level.

Absence of consensus

Can ideas like these on regional planning,
whichclearlyhave theiroriginsinthe Consti-
tution and the law, ultimately be put into
practice? It is not easy to answer this ques-
tion since there is no general consensus on
what action should be takenin the field of re-
gionalplanning. Differencesofopinionarise
assoonasonestartstointerpretthe objective
expressed in Article 22 (d) of the Constitu-
tion: “judicious and rational land use”. Peo-
ple more or less agree today that it is neces-
sary to combat the dispersal of housing.
Similarly, more and more people acknowl-

A. Labhardt

edge thatwe should be unwasteful in the way
we use the land. But in the end what actions
should we take in order to be able to pursue
and realise objectives which have been for-
mulated in such a general way? This ques-
tion is and will certainly remain highly con-
troversial, not only because of the great
differences of opinion between “fundamen-
talists™ and “realists”, nor merely because of
thebeliefthatthe differentinterestsregulate
themselves automatically, an illusion main-
tained for nostalgic reasons which never
ceasestointerfere with the debate, but quite
simply because the factors with which re-
gional planning is daily confronted are con-
stantly changing. Here I am thinking in par-
ticularabout the needs of the population and
of the economy, which are referred to ex-
presslyin Article 1, paragraph L of thelawon
regional planning. Added tothisare the spe-
cificchallenges which, inaway, are inherent
inregional planning. Here are a few remarks
on this subject:

— Oneisalmost constantly witnessing con-
flictsofinterestinmattersconcerningthe
regulation of land use. Swiss law stipu-
lates that this regulation —usually at mu-
nicipal level —must be based on demo-
cratic decision-making. But majority
decisions cannot replace the preserva-
tion of diversity in land use, which is of
paramount importance. The balancing
of interests is one thing, a majority deci-
sionis another. To carry out the task laid
down in the Constitution also involves
protecting interests which do not have
the support of the majority.

— Furthermore, the constitutional princi-
ple requiring a balance of interests to be
achieved within a framework of varied
land use, and with due regard toenviron-
mental concerns, is a principle that is not
fully realisable. In fact, anyone who has
secured certain advantages in the debate
over the balance of interests is not
obligedtogive anythinginreturn. Where
land use is concerned, regulations intro-
ducedunderthe law onregional planning
lay down rights but not obligations. The
luckylandownerinaresidential areacan
quite simply delay his decision on
whether he intends to comply with the
community’s development strategy or
not. This attitude is not disadvantageous
tohim, orifitis a disadvantage, thenitis
considerably outweighed by the advan-
tages. If he complies with the communi-
ty's wishes and, for example, agrees to
construction work going ahead on his
landinorder to ensure asufficient supply
of housing, thus abandoning the idea of
“hoarding” the land in question, it is not
certain that he will continue to hold the
same views as a citizen.

— Thusitis notsurprising that, fromtime to
time, planning which is in keeping with
the Constitution and the law, and which
has been decided upon democratically
hasto give way to behaviour which is mo-
tivated by individual interests. In other
words, a balance of interests can only be
achieved in the regional planning field if
citizens are made clearly aware of the
need to set aside a minimum area for a
particularuse. The efforts whichwe have
made hithertotoensure thatinformation
issupplied, asitshould be, before any de-
cision is made, are woefully inadequate
compared with the responsibility we ex-
pectofthecitizenindecisionsconcerning
the kind of balance there should be be-
tween different interests.

Are we then to conclude that, because of all
these difficulties, regional planning is not a
valid means of balancing the different inter-
estsinvolved in varied land use ? Are the ex-
penditureand effort notjustified? Will we be
forced to resort to solutions that encroach
more and more upon landowners’ rights.
and solutions that leave noroom for the par-

“Conflictof interests”

ticipation of the public? Faced with these
questions and many others, there ishowever
one thing which we ought nottoforget: there
will never be a universal answer, valid for all
time, which could be applied to the process
of regional planning. This processinvolvesa
permanent interplay of political, economic,
cultural and ecological factors. Regional
planning is a political responsibility which
has to be shouldered since, in my opinion,
there is no other solution. |

M. Baschung

Former Director of the Federal Office
for Regional Planning

Eigerstrasse 65

CH-3003 Bern
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Space and time

A new approach

George P. Black
Gerard Gonggrijp

he Earth, as a planet, was born some
I 4,600millionyearsago. Sinceitsbirth,
ithasbeenrepeatedly altered through
the interplay of a wide range of natural pro-
cesses and the landscapes we see today are
just the latest and transient expression of
their ceaseless operation. When sometime
early in Earth’s history, Life began, it took
advantage of the environmentsit found and,
indoingso, made its own contribution to the
Earth-moulding processes. Today is no dif-
ferent fromany other dayin Earth’slong his-
tory, for the physical processes still continue
and Life in all its forms still exploits their
products.

Thetasksetforthe Earthscientististhe study
of the Earth in space and in time. First, it is
necessary to determine the planet’s present
constitution and then, with this as a starting
point, its history can be unravelled through
an understanding of the processes responsi-
ble. Inthis quest, the Presentisthe keytothe
Past, so that Earth scientists must spend
much time and effort in gaining a full under-
standing of all currently active natural pro-
cesses before the work of interpretation can
begin. Some processes operate inside the
Earth and work on its crust from below. In
the short term, they make their existence
known from time to time through phenom-
ena such as earthquakes and volcanic erup-
tions;inthelongterm, however, theircumu-
lative effects are even more dramatic. The
movement of the Earth’s fluid interior has
split and reunited the continents through
geological time—the process originally
termed Continental Drift, but now, fashion-
ably, retitled Plate Tectonics—and in doing
so has raised great chains of mountains such
as the Alps and the Himalayas. Meanwhile,
heat generated within the Earth has led to
the volcanic activity which built Iceland and
most other oceanic islands.

On the surface, change is continual, all land-
scapesbeingmodified by the actionof water,
wind and ice. The effects of these external
processes are more obvious and therefore
more familiar. In the mountains, rivers cut
deep valleys, breaking up the rock and re-
moving it downstream to be deposited as
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sediments where they meet the sea. Rain
washes soil into the rivers or, where condi-
tions are suitable, will percolate into the
ground to reappear at a distance as springs.
Where vegetation is sparse or absent, loose
material is swept away by the wind to be de-
positedelsewhere. Incold conditions, where
snow falls and accumulates, glaciers are
formed and, near their source, gouge away
the rocks to form fiords and lakes. The ma-
terial removed is later deposited at or near
the ice margins where it is frequently re-
worked by water from the melting ice. The
sea plays a varied role—in places it acts as a
potent agent of erosion, wearing away the
cliffs and beaches along its margin, but else-
whereitisapassive recipientof the sediment
supplied by rivers, glaciers and wind trans-
port.

Finally. there are extra-terrestrial agencies
which affect the Earth. The significance of
some of these is still a matter of debate, but
there canbe noargument that the Earth con-
tinues to receive material—in the shape of
shooting stars and meteorites—from Space
and some would argue that some significant
events in our history, such as the extinction
of the dinosaurs, are to be attributed to
extra-terrestrial causes.

The impact of man

The arrival of Man has changed the balance
between the various natural, Earth shaping
forces. At firsthisimpact was small butit has
grownsteadily with time untilinrecent years
it has become a factor of considerable po-
tency.

Over vast areas, in a few thousands of years,
Man has replaced much of the natural vege-
tation by cultivated plants. In some particu-
larly vulnerable areas, this has favoured the
process of denudation and erosion, causing
arexpansion of some typesoflandscape such
as the badlands of the Mediterranean coun-
tries. As farming methods have become
more intensive, they have increasingly de-
manded the removal of small-scale land-
forms and have destroyed, through deep
ploughing, soil profiles which have devel-
oped over hundreds, or thousands, of years.
Drainage has led to the lowering of ground-
water levels, and this can cause a serious loss
of geological data relating to the recent past,
especially where this has been preserved in
the anaerobic conditions associated with or-
ganic sediments such as peat.

Measures taken to regulate rivers interfere
with the naturalness of stream systems. This
processis most advanced in the Netherlands
where almost all river and brook systems
have been embanked and regulated to a
greater or a lesser extent. Although canals

are effective and not without beauty, they
lack the appeal—and the scientific
interest—of the meandering rivers they re-
place!

Along much of the coast, projects designed
to prevent marine erosion have had a
marked effect through preventing the oper-
ation of the natural processes of marine ero-
sion and deposition and, in particular,
through preventing rock exposures being
naturally maintained by the sea. Likewise,
the stabilisation of coastal and inland dune
systems brings to an abrupt end the oper-
ation of natural processes.

Theextractionofmineralssuchasclay,sand,
gravel, peat and chalk exposes the outer lay-
ers of the Earth’s crust, most frequently
where no such exposures existed before. To
this extent, mineral extraction is beneficial
to the Earth sciences. In the past, most min-
eral excavations were widely scattered and
onasmallscale and. until recently. exceptin
areasofpeatworking, theydidnotgreatlyin-
fluence morphology. However, as minerals
have become progressively easier to trans-
port, somineral extraction has tended to be-
come concentrated in those small areas
where it is particularly profitable. As a re-
sult, mineral excavations have become
much fewer in number while each has be-
come much larger in size. The reduction in
their number and the increasing localisation
of their distribution have reduced the bene-
fits they vield to Earth science whereas the
growth in size of individual workings has
greatly increased their impact on geomor-
phological features, even those on quite a
large scale.

In most cases, the creation of exposures
showing the internal structure and composi-
tion of landforms through mineral extrac-
tionis only small compensation for the even-
tual destruction of the landform itself.
Furthermore, such exposures, even where
theydisplay geological and pedological phe-
nomena of great interest, tend to be only
temporary for, like all exposures, whether
naturalorartificial, they areliable tobecome
obscured by natural processes or, in case of
many disused and neglected pits and quar-
ries, by “restoration™ involving infilling and
revegetation.

The impact of urbanisation is also unfavour-
ableinthatitdeniesaccesstothestratawhich
lie below the surface and masks, or even de-
stroys, entire landforms.

Humanimpactson thiswide scale canlead to
the partial or total destruction of complete
geological sections and geomorphological
features and soils. Notorious examples are
tobefoundin large parts of the Salpausselka
morainesin Finland, and in the building of a
city quarter upon a unique “fossil” braided
river system in the Netherlands. Further
losseshave occurredin the decline of areas of
peat across North-Western Europe, in the
expansion of the areas of brown-coal work-

ingin Germanyand, onasmallerscale.inthe
lossof a number of the type-sections —their-
replaceable rational and international stan-
dards upon which the Earth sciences
depend —such as the original type-section
for the Tiglian.

Inshort, the rapid growth of population and
of technical development has produced a
correspondingly rapid growth in the impacts
suffered by the geological landscape which,
in many places, has undergone irreversible
change. Many geological features were
formed many thousands., or millions, of
years ago and are, in effect, “fossil” rather
than still actively developing—once de-
stroyed, such featuresare lost forever. Even
inthe case of the phenomenaassociated with
the recent Ice Age —phenomena which con-
stitute a very significant proportion of the
geological landscape of Europe —there isno
prospect that. once destroyed or damaged,
they can be replaced or repaired. Even al-
though another Ice Age is only to be ex-
pected, it will take a long time before the
Scandinavianicesheetreadvancesover Rus-
sia, Poland, Germany and the Netherlands
to make good the damage we do to the land-
scape produced by its predecessor!

The need for earth science conservation

Over the past few decades, the continuing
degradation of the geological landscape,
through which increasing numbers of both
traditional and new study areas have been
adversely affected by all kinds of human ac-
tivities, has increasingly alarmed Earth sci-

entists. One by one, geomorphological fea-
tures have disappeared partly, or even
completely, so that the landscape has
changed little by little. Sections in pits, quar-
ries and cuttings, used by geologists for ref-
erence, or valued as examples, have van-
ished through being filled up and grassed
over. All these activities are hostile to the
primary aim of Earth science conservation,
which seeks to secure the retention of all
landforms and exposures needed for re-
search, training and education.

There are of course further reasons why
Earthscience sites should be conserved. For
example, untouched, or virtually un-
touched, areas which retain their original
soils and vegetation are very important for
studies in ecological development. Even if
the vegetation is not original, but has been
replaced, areas whose soil remains largely
intact can still be of potential value to ecol-
ogy.

Some would also add ethical considerations.
Should we, for instance, everywhere trans-
form the natural geological landscape,
formed in the course of thousands, or even
millions, of vears, into an artificial one?
Considerations of this sort supplement the
largely objective arguments for conserva-
tion based purely on the needs of Earth
science—and also those based on ecology —
andleadtothe moresubjective perceptionof
landscape asanamenity. Itisonly natural for
Earth scientists to give priority to their own
particular motives for conservation, but
they, like the biologists and the experts in
landscape amenity, should not forget that
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conservation can be justified on other
grounds.

Selection of sites

Ournaturalenvironmentcanbe puttomany
different uses, of which the provision of in-
formation regarding geological processes
and their results, is only one. In formulating
an overall policy for land-use, all the other
potential and competing uses have to be re-
spected and a balance struck —for Earth sci-
ence conservation, compromises have to be
made, especially where the possible alterna-
tive uses (e.g. mineral extraction and the
conservation of geomorphology) are clearly
incompatible. It is therefore necessary to be
able toselect those features which merit con-
servation;itisequally necessarytobeableto
justify this selection through an ability to
demonstrate that it has been based on the
proper application of a series of rational cri-
teria which have been devised to accord with
nature conservation policy.

The criteria used in the selection of import-
ant Earth-science sites are more or less the
same in most countries and include rarity,
present condition, representativity, diver-
sity, and scientific and/or educational im-
portance. In addition, other aspects such as
size, clarity, accessibility and vulnerability
are seen as important. The possibility of re-
creating asite s less often of relevance, forit
must always be remembered that most
Earth-science sites are irreplaceable. After
siteshave beenassessed throughthe applica-
tion of the variouscriteria, they often have to
be categorised in some way, for example,
into those of international, national, re-
gional. and local significance. In this cate-
gorisation, the Earth sciences have a great
advantage in that a worldwide system which
identifies standard sections of international
and national status has already been estab-
lished for many years.
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Earth-science conservation in Europe

Attheendofthe 19thcentury,increasinghu-
man impacts on the landscape led to the rise
of nature conservation movements all over
the world;; in this movement, biologists took
the leading role. Earth scientists, many of
whom were involved in the exploitation of
natural resources, were, in general, notfired
with the same enthusiasm. Moreover, atthat
time, mineral exploitation was not extensive
by present-day standards, was little regu-
lated, and the damaging “restoration™ of
disused workings was not commonly prac-
tised. Nevertheless, individual Earth scien-
tistsand members of nature conservation so-
cieties gradually became more and more
involved in Earth-science conservation.

Ice-carried erratic blocks were an early fea-
ture to impress and challenge Earth scien-
tistsanditisnosurprise thatsuchblocks were
among the earliest features to receive pro-
tection. In 1867 the Geological Commission
of the Swiss Nature Research Society (Geo-
logische Kommission der Schweizerischen
Naturforschenden Gesellschaft) proposed
to protect erratic blocks and, shortly after,
the Swiss State bought the most important.
At about the same time, the City of Edin-
burghprotected the famous * AgassizRock ™
onBlackford Hill, astriated rock face where,
in 1840, the Swiss geologist, Agassiz, had
recognised evidence for the former exist-
ence of glaciers in Scotland.

Voluntary conservation societies often had
great influence on the policy of govern-
ments. The first Dutch nature conservation
society was established in 1905, and recogn-
ised the importance of Earth science conser-
vation; not long afterwards, in 1907, the
State established its first nature reserves,
among which was an inland dune area show-
ing active aeolian processes.

In 1909, the Norwegian Geographical Soci-
ety recommended that provisions for the
protections of scientifically and historically
important geological and mineralogicalsites
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should be included in the first Norwegian
Nature Conservation Act: this Act became
lawin 1910, and was one of the first of its kind
in Europe. In 1905, at a meeting of the Geo-
logical Society of Stockholm, De Geer drew
attention to the need for the conservation of
naturalmonuments. Thisled to the prepara-
tion of the first official inventory of Earth-
science sites in Sweden.

These examples of the early initiativesin the
development of the Earth-science conserva-
tion movement in Europe were promising,
but in practice it took many vears before
Earth-science conservation could obtain a
standing equal to that of biological and ar-
chaeological conservation. Meanwhile, de-
spite good official intentions, it was mostly
individual action which led to the protection
of sites and, although in some countries
small-scale site inventories were prepared,
such initiatives did not result in the adoption
of effective national policies for Earth-
science conservation.

In 1949, the British Parliament passed the
National Parks and Access to the Country-
side Act which defined the conservation pol-
icy of Great Britain for more than 30 years.
This Actrecognised Earthscience conserva-
tion as an equal partner with biological con-
servation and, when shortly thereafter the
Nature Conservancy (now the Nature Con-
servancy Council) was established as the na-
tional official conservation body, its struc-
ture made provision for a separate Geology
Section responsible for the conservation of
Earth-science sites, then a unique event in
Earth-science conservation in Europe. The
Section and its successors prepared many in-
ventories and carried out a wide range of
other projects but it soon became apparent
thatbeingrecognised asanequaldid notnec-
essarilymeanbeingtreated asanequal —the
Earth sciences consistently received much
less than their fair share of the available re-
sources.

Belated awareness

Inmost European countries, the adoption of
a more active policy for Earth-science con-
servation dates from somewhat later, often
fromtheendofthe 1960sandearly 1970s, the
timing being influenced by a general revival
thenexperienced by the nature conservation
movement as a whole.

In Sweden, at a wide-ranging discussion on
the protection of eskers, the opinion
emerged that the Earth-scientific impor-
tance of some eskers well merited special
consideration. This led to the acknowledge-
ment of Earth science conservation in the
Nature Conservation Act of 1952 and to a
number of initiatives being taken. Several
projects focused on Earth science conserva-
tion were begun in the 1960s and 1970s and
these still continue, an example being the
Geomorphological Inventory of North Swe-
den.

In connection with the establishment of the
Norwegian Ministry of Environment, the
preparation of plans on a county-by-county
basis to show areas and sites of conservation
value, including those of value to the Earth
sciences, was commenced and this pro-
gramme is still in progress.

Preparation of nation-wide inventories of
the eskers of Finland began in 1972. These
are prepared to supply a factual basis for de-
cisions in physical planning, such as alloca-
tion for gravel extraction, recreational use
and conservation. A national inventory of
other types of Earth-science site is now in
preparation.

The compilation of a National Heritage In-
ventory in Ireland began in the early seven-
ties and the results were published in 1981.
This publication includes Earth-science
sites, but such localities are not covered by
the Wildlife Act (Nature Conservation
Act). Earthsciencesiteshave beenlefttode-
pendfortheirprotectionon planning control
by the local authorities, a system which, in
practice, does not function satisfactorily.

The Dutch working group “Gea” com-
menced the preparation of acomprehensive
inventory on a national scale in 1969 and
completed this task in 1988. As a result of
these activities, Earth-science conservation
was acknowledged in 1982 in a Structural
Scheme for Nature and Landscape Conser-
vation. Although this scheme was not di-
rectly translated into a concrete conserva-
tionpolicy.ithadimplications for the future.
Inthe Nature Policy Plan, publishedin 1989,
Earth-science conservation is specified as
one of the four conservation objectives and
proposals for further projects in Earth-
science conservation have recently been for-
mulated.

In 1984, the Ministry of Environment in
Denmark published a list of 197 sites of na-
tional Earth-scientific interest, as a base for
conservation. Further inventories on a
county level have also been completed.

The Spanish Geological Survey is currently
editing several well-produced guides to
Earth-science sites as a basis for conserva-
tion and education.

In those countries with a federal structure,
theinitiatives for the preparation of invento-

The canyon of the River Verdon ( France), a monumental example of fluvial erosion

ries have mostly been taken at a provincial
level.

In Austria, the lead has been taken by
Vorarlberg; in co-operation with the Uni-
versity of Amsterdam, an inventory of
Earth-science sites is in preparation. In
Sankt Gallenin Switzerland, astarthasbeen
made incompilinginventoriesatamunicipal
level. In the several states of the Federal Re-
public of Germany, the Geological Surveys
and Geological Institutes are active in the
same field.

The above shortreviewis farfrom complete,
and data are lacking from many countries. It
willserve, however, to give some impression
of current activities in the field of Earth-
science conservation across Europe.

International co-operation

Until 1988, over most of the field of Earth-
science conservation, there were only inci-
dental, bilateral, international contacts, al-
though there had been for some time
conservation-oriented discussions at an in-
ternational level within a number of special-
ised disciplines.

Inquiries made among Earth-science con-
servationists by the second author in 1987,
revealed that there was a great need for, and
desire for,anenhancedlevel ofinternational
contact. Based on the results of these inquir-
ies, a first international workshop was orga-
nised in 1988 and met at Leersum in the
Netherlands. At this meeting, the 12 partic-
ipants from Austria, Denmark, Finland,
Great Britain, Ireland, Norway and the
Netherlands discussed subjects which in-
cluded legislation; conservation policy;
classification, listing and selection of sites;
site management and education.

During the meeting, it became clear that, in
the participating countries, Earth-science
conservationhasbeentreatedmoreorlessas
astep-child in comparison to biological con-

servation, although there were legal provi-
sions which made Earth-science conserva-
tion possible. There was general confidence
that this situation would be improved if an
active working group were set up to operate
on a national and international level. Great
importance was attached to informing na-
tional Earth-science organisations and au-
thorities, and international bodies such as
the Council of Europe, EEC, IUCN, and
Unesco and, of course, the international sci-
entific organisations, about the need for
Earth-science conservation. Recognition
was also given to the need to enlighten the
general public on the role Earth-science
plays in so many human activities and to
make them more Earth-science minded.

This first meeting led to the establishment of
the European Working Group on Earth Sci-
ence Conservation with the following aims:

— tofacilitate the exchange of information

— to provide mutual support in the conser-
vation of threatened sites

— to promote Earth-science conservation

— to identify and execute common
projects, i.e. projects of benefit to more
than one country.

The first common project was the prepara-
tion of an information paper on interna-
tional Earth-science conservationtobeillus-
trated by examples from the different
countries and this appears in this edition of
Naturopa.

Atthesucceedingmeeting, heldinJune 1989
in Bregenzin Austria, it was decided to pub-
lish a manual on the practice of Earth-
science conservation across Europe. This
will be concerned with the relevant legisla-
tion, policies and procedures, and will out-
line the constraints on field studies to be
found in the various countries. The work is
intended as a first move towards standardis-
ation, and as a stimulus for countries where,
as yet, Earth science conservation is not
practised.

Black/Gonggrijp

A third project, the identification of Eu-
rope’s most important sites, is to commence
in the near future. This project, of course,
will require the formulation and develop-
ment of a standard set of criteria against
which candidate sites can be judged in a
European context. The success of these ini-
tiatives depends in large measure on the full
support of awide range of organisations and
individuals from all European countries
working in the field of Earth sciences, and
will also require financial backing.

The papers which follow are designed togive
animpression of the various kind of sites and
the problems Earth-science conservation-
ists have to deal with in a number of coun-
tries. They also show that, although the first
steps in European Earth-science conserva-
tion have been taken, there is still along way
togo.

Dr.G. P. Black
Drs G. Gonggrijp

Earth Science Conservation
Rijksinstituut voor Natuurbeheer
Postbus 46

NL-3956 ZR Leersum

13



Geo-Trail

Hans Schénlaub

of Austria which borders on Italy, the

Gail Valley and the surrounding Carnic
Alps are known to geologists worldwide as
one of the most interesting Earth science
sites in Europe. This distinction arises from
their being the only place in the Alps where
there is a continuous fossiliferous record of
the Earth’s history—without any breaks—
from the Middle Ordovician to the Triassic.
Asmightbeexpected, since the middleofthe
19th century, there have been numerous
publications which describe the various fos-
sil groups and rocks in great detail, docu-
ment the geology on successive revised edi-
tions of geological maps, give accounts of
newly collected fossils, and update synoptic
studies of rock facies and tectonic evolution.

In Carinthia, the southernmost province

To make people realise

However, most, if not all, of the currently
available knowledge has been accessible to,
and—what is even more important—has
been comprehensible to, only those who
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were expertsin the Earth sciences. With this
inmind, proposals were drawn up for a Geo-
Trail which would present some of the most
excitinggeological phenomenaof the Carnic
Alpsof Austriatothe interested public, both
visitors from abroad and the local popula-
tion. From its concept, it was intended that
the Trail would provide a further attraction
for the local tourist programme.

Early in 1985, the Geological Survey re-
ceived approval for the proposal from the
communities involved. from the province,
and from the tourist authorities of Carinthia
and the Austrian government. The project
was completed by the summer of 1988 and
since then, hasbeen open to. and much used
by the public. By the close of 1989, costs had
totalled almost 1.5 Million Austrian Schil-
lings.

The Geo-Trail covers an area of approxi-
mately 350 square kilometres and consists of
five geological trails, each between 3 and
6 kilometres in length. These can be con-
nected to form a super-trail with a length of
more than 100km at altitudes from 700 to
2200m. Each trail comprises up to thirteen
stops, each marked by a plaque measuring
50x40cms and mounted on a wooden
frame. Additional stops, which connect the
individual trails are located at interesting
geological or palacontological sites.

The plaques consist of resistant 3mm thick
aluminium plates to which a UV-resistant
printed foil is glued: for additional protec-
tion this foil has been covered with a layer of
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The start of Nafifeld Geo-Trail

resistant hard lacquer. Each plaque givesin-
formation about the scenery, the geology.
the stratigraphy, fossils, tectonics etc. in
non-sophisticated language. At scenic
points even larger plaques, 150 X 70cm in
size, are mounted to present additional in-
formation which includes the whole pan-
oramic view which. insome places. takesina
great part of the Eastern Alps!

To inform

Special plaques of even larger size are lo-
catedat the starting point of each Geo-Trail.
These inform visitors about the length and
other details of the trail, including a sketch
and other general information.

In addition to this information available
along the trails, small displays of fossils and
rocks have been set up in mountain huts and
in local museums. A book with 167 pages.
summarising all field and additional data,
can be purchased for a very moderate price
and even stickers, a T-shirt and a badge can
be obtained onrequest. Since the summer of
1990. a booklet which includes all the infor-
mation about the Geo-Trail in an abstract
form, and which briefly characterises each
stop, has been available free of charge.

Two years of operation have proved the
whole programme to be very successful. Ho-
telownersand privatelandlords have started
toorganise tours for their visitorsand guests,
whileotherguidedtoursare organised by the
local touristoffices. Many visitors, however,
choose their own programme which can in-
volve strenuous mountaineering or hiking
through the Carnic Alps from west to east for
adistance of more than 150 kilometres.

Despite the publicity given to the Geo-Trail
through TV news, newspaper articles and
other PR activities, and despite its popular-
ity, there has been neither exploitation of
fossillocalities noranyseriousdamage tothe
information plaques. The future mainte-
nanceofthe Trailhasbeen guaranteedbythe
local communities. |

Dr. H. Schénlaub
Geologische Bundesanstalt
Rasumofskygasse 23
A-1031 Vienna

The Nigardsbreen Glacier

Lars Erikstad

as the hardest stone ever could be

with big crevasses and deep hollows
and gaps all over and right down to the bot-
tom. Nobody can tellits depth although they
have tried to measure it. When at times it
pushes forward a great sound is heard, like
thatofan organ andit pushesin frontofitun-
measurable massesofsoil, gritand rocks big-
ger than any house could be, which it then
crushes small like sand. In summer there is
an awful cold wind blowing off it. The snow
which fallsonitinwintervanishesinsummer
but the ice glacier grows bigger and bigger.”

(4 Its colour is sky blue and it is as hard

This vivid description of an advance of the
Nigardsbreen Glacier dates from 1744 and is
still an excellent illustration of the impor-
tance of glaciers in the Norwegian mountain
landscape. Glaciers deserve attention, not
only for their aesthetic value and, as de-
scribed above, for their destructive poten-
tial, but also as phenomena of importance to
the earth sciences. The opportunities they
give to experience and study active glacial
processes provide the basis for understand-
ing the processes which operated in the past
duringiceagesand,inaddition, theresponse
of glaciers to present climatic change makes
it possible to trace climatic changes in the
past. Such studies naturally take into ac-
count what historical records exist, but also
rely greatly on data derived from glacioflu-
vialsedimentsand from glacial depositssuch
asmoraine ridge systems. Since glacial areas
are popular with tourists, theyhave great po-
tential for public education, for the promo-
tion of the Earth science and for the further-
ance of Earth science conservation.

European largest icecap

Jostedalsbreen (487km?®)—the largest ice-
cap on the European mainland —is situated
inthe western part of South Norway, andisa
long and narrow plateau glacier from which
numerous valley glaciers flow. Of these, the
Nigardsbreen Glacier (48 km?), on the east-
ern side of the main plateau, is one of the
best-known. This glacier is not a relict from
the Ice Age but dates probably from about
2,500 years ago and, like all the other Scan-
dinavian glaciers, grew strongly in the “Lit-
tle Ice Age” of the 17th and 18th centuries.
This advance culminated in 1748 when the
glacierreached a positionmarked todaybya
large moraine ridge. Since reaching this po-
sition, the glacier has shrunk and its snout

now lies about 4.5km behind its 1748 posi-
tion. Numerous moraine ridges lie in the
outer part of the area from which the ice has
disappeared and these reflect a relatively
slow retreat of the ice front, broken by sev-
eral halts and small advances. up to the
1930s. Between this moraine landscape and
the present end of the glacier, there isalmost
no morainic cover and most of the valley
floor is occupied by a lake. The snout of the
glaciernowliesafewhundred metres further
upstream.

Point of reference

Nigardsbreen is one of the best studied gla-
ciers in Norway and the known history of its
advances and retreats has proved of great
value as a standard against which the ad-
vances and retreats of other glaciers can be
compared. Itsretreat from the 1748 limits is
well-documented for, in the 19th century,
the glacier was observed by scientists on sev-
eral occasions and it was chosen as a subject
by anumberofartists. In the presentcentury
the area has been the subject of intensive re-
search and, over recent decades, the glacier
front, the mass balance, and the runoff and
sediment transport of the glacier stream
have been regularly measured. These stud-
ies show that, over this period, the glacier’s
mass hasincreased and that the retreat of the
ice front has now stopped.

Scenically, the valley, in which the Nigards-
breen Glacier lies, is most spectacular and
has long been attractive to tourists; accord-
ingly, a tourist road has been built through
the morainic landscape and the moraine
ridges nearest to the road have been threat-

ened by gravel extraction. Also, some years
ago, Nigardsbreen was threatened on a
much wider scale through its being included
in a projected hydroelectric development.
Since the proposals called for water to be
taken from beneath the glacier and diverted
toaneighbouringvalley, aswell asthe instal-
lation of sediment interceptors and the
building of further roads, they posed a grave
threat to the status of the glacier and its envi-
rons for glaciofluvial reference and re-
search.

Fortunately, during the planning process,
Nigardsbreen was excluded from the project
and, later, the area was established as a na-
ture reserve. The Norwegian Parliament
alsodecided that those other parts of Josted-
alsbreen which were not affected by hydro-
electric development should be declared a
National Park. In this way, the valley of Ni-
gardsbreen hasbeensecuredboth for the en-
joymentofvisitors and for scientificuse asan
area important for reference and education.

However, the authoritiesresponsible for the
management of nature still face a difficult
task in establishing a management policy
which can reconcile the scientific objectives
of the nature reserve and the, often conflict-
ing, demands of the tourist industry. For in-
stance, when planswhichhad beendrawnup
for an information centre were shown to
tourists visiting the glacier, and their reac-
tions were sought, it was found that a major-
ity thought the buildings proposed were too
large and dominating, and would adversely
affect the natural character of the valley. W

L. Erikstad

Norwegian Institute for Nature Research
PO Box 1037, Blindern
N-0315Oslo 3
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The kind of Europe we want

sthe end of the century approaches,

Europe finds itself facing a number

of major challenges, and it is now
more vital than ever that we should think
aboutour own future and the kind of Europe
we want.

We at the Council of Europe want a Europe
based on human rights, pluralist democracy
and the rule of law, a Europe based on soli-
darity, and counting social and economic
rightsand the rightto a healthy environment
among its main concerns.

The environment itself is one essential as-
pect of those basic rights.

Thus, long before the political develop-
ments which are now bearing out the aims
whichwe ourselveshave pursuedforsolong,
the Council of Europe drew up, in 1979, an
international environmental instrument,
covering the whole of Europe and open to
non-member states: the Convention on the
Conservation of European Wildlife and
Natural Habitats.

This Convention, whichisknownasthe Bern
Convention, embodies a full-scale strategy
for the management of natural environ-
ments. It lays down general principles to be
followed in any activity potentially contrib-
utingtothe conservationof wildlife habitats.

In accordance with the wishes expressed by
the European Environment Ministers at the
Conference organised by the Council of
Europelast October, [want this Convention
to become the central instrument of inter-
governmental co-operation on nautre con-
servation at European level.

Similarly, in the matter of soil, our Organi-
sation introduced the Soil Charter as long
ago as 1972. Very recently, in Brussels, the
Council of Europe has started looking at the
various initiatives needed nationally and in-
ternationally for soil conservation, pending
the conclusion of a convention on the ques-
tion.

On 18and 19 December 1990, the Council of
Europe will be hosting a major pan-
European conference on the protection of
forests in Europe. Specifically, the Euro-
pean Ministers responsible for forest man-
agementwillbe workingouta European pol-
icy for the conservation of forest genetic
resources.

Information is an essential aspect of modern
democracy, and our Organisation’s Centre
Naturopa has been set up and given the re-
sources to provide information in all these
fields. Obviously, the review Naturopa will
alsocontinue to provide amaximumofinfor-
mation on protection of the environment
throughout Europe.

e 2

Catherine Lalumiére
Secretary General of the Council of Europe
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De
Zandkoele

Gerard Gonggrijp

countries, with their mountains, deep

valleys and cliffed coasts, the Nether-
lands is a country of low relief and, accord-
ingly, withfew natural geological exposures.
Inconsequence, the Earth scientists and the
interested laymen who want to examine
what lies beneath our land surface have to
relyverylargely on artificial exposures, such
aspitsand quarries, tosatisfy their curiosity.

In comparison to many other European

Their reliance on man-made exposures of
this sort, however, is not without problems,
forsuch exposurestend to be short-lived and
to disappear through the dumping of rub-
bish, afforestation or just plain neglect. To
prevent the loss of such sites—and the
unique information they provide —Earth-
science conservationists are succeeding in
their efforts to have more and more con-
served and maintained in a “geologist-
friendly” condition. One of these man-made
outcrops lies in Heetveld, a hamlet 20 km
north-north-west of Zwolle, the capital of
the Province of Overijssel.
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Development of the landscape

Heetveldisbuiltonaisolated complex oflow
hills formed of material pushed up by anice
sheet flowing from Scandinavia; some
150,000 years ago, this ice sheet covered the
Netherlands during the glacial period which
preceded the most recent Ice Age. Atatime
when the ice sheet was expanding, its ad-
vancing front acted asabulldozer and, when
it encountered some river sediments, which
had originally been laid down as horizontal
beds, ittiltedand deformed thesetobuildthe
hills. Later, itseemsthat theice overrode the
hills for they now have astreamlined form as
ifsculptedbyice movement. Stilllater, asthe
glacial period ended, the ice melted and, in
doing so, left a deposit of “boulder clay™—
the clay, sand, gravel and boulders which it
had picked up during its southwards jour-
ney.

In the northern part of the Netherlands,
there are several occurrences of low hills (up
to20m in height) which have been formedin
this way. Some of these have the ideal egg-
shaped streamlined form, known to geolo-
gists as a drumlin, which is characteristically
found where ice-sheets have moulded the
rocks over which they once passed. Ice-
pushed features are also found in the central
and eastern Netherlands, where they are on
amuchlargerscale, risingtoasmuchas 120m

G. Gonggrijp
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Late glacial cover sand containing a fossil podzol

Sand-filled frost crack

Boulder clay
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above sea-level, to form the highest land in
the Netherlands, outside the Province of
Limburg.

Afterthisicesheethadmelted, the hillsithad
formedweresubjectedtothe normal process
of erosion and, when the climate had recov-
ered to something resembling the present,
became covered andstabilised by dense veg-
etation. The Earth, however, does not stand
still and the warm inter-glacial climate was
not to last: it was succeeded by the glacial
conditions of the most recent Ice Age.

During this later glaciation, the ice sheet did
not reach the Netherlands, but the country
was nevertheless affected by a return of a
cold Arctic climate. In summer, the upper
layers of the soil which covered the hills
melted andslid down theirslopes while, dur-
ing dry periods, the strong Arctic winds
picked up and transported sand from nearby
valleys, todeposititinsheltered areas, either
as flat layers (as around Heetveld) or as low
dunes up to a few metres in height. These
wind-blown sand deposits are known as the
“Coversand™.

Over the course of time, the meltwater and
the strong winds sweeping over the hills took
away fine material from the boulder clay
leaving the coarser gravel and boulders to
form a “desert pavement”. As the direction
from which the prevailing winds came was
constant over long periods, some of the ex-
posed pebbles and stones were facetted by
natural sand-blasting. In areas with little
snow cover, the ground was exposed to ex-
treme cold and was cracked by the frost;
once formed,suchcrackswereenlargedwith
each succeeding period of extreme cold.

Asthelastice age ended, podzolic soilswere
formed under a cover of birch and pine dur-
ingaperiodofrelatively warm conditions. In

recent times, as the climate approached its
present condition, the hills were denuded of
their natural woodland vegetation in the in-
terests of agriculture. On the exhaustion of
theirrather poorsoils, farmers applied ferti-
liserinthe formofamixture ofstable manure
and sods. In places this has given rise to
rather deep, blackish, humic soils.

Geological monument

In 1981, the author examined a sandpit used
as a communal storage yard which had been
excavated in one of the glacically moulded
hills known as the “High Land of Vollen-
hove™ after a small town lying a short dis-
tance tothe west. Although the face of the pit
wasbadly exposed, enoughcouldbeseenfor
a geological section representative of the lo-
cality to be discerned. Thisshowed the boul-
derclayformedinthe penultimate glaciation
overlain by the Coversand formed during
the last glaciation: the succession was not
veryspecial, but was geldom seen and there-
fore of high educational value.

When the owners of the site were contacted
andinformedofitsscientificvalue, itwasdis-
covered that they had already agreed to its
use for cycle-cross racing. However, the
physical properties of boulder clay proved
unsuited to the needs of this sport and con-
servation was given another chance. Even
the apparentset-back haditssilverlining, for
in the preparation of the racing track, fresh
faces had been opened to supplement the
original exposures!

In aface 2.5min height can be seen features
representing the last 150,000 years of geo-
logical history over a large part of the north-
ern Netherlands. Boulder clay cracked by
frostis the oldest deposit, its upper part hav-
ing been long since removed by erosion.
Above this eroded surface lies the Cover-
sand with a desert pavement containing
stones facetted by natural sand blasting, the
relicsof ableached podzolicsoiland arecent
podzol partly mixed with a humic soil. Allin
all, aunique soft rock exposure!

After these features of interest had been
demonstrated to the mayor and councillors
of the local community, proposals for the
managementofthe pitinthe interests of con-
servation were prepared and were imple-
mentedin 1984. Tomake the site more infor-
mative to the general public. an outline map
of Scandinavia, measuring 30 m by 30 m, was
marked out on the pit floor using small boul-
ders. On this were placed the larger ice-
carried boulders foundinseveral partsof the
Netherlands, each atthelocation on the map
representing its original source, so that visi-
tors can appreciate the distance each trav-
elled when carried by the ice sheet. For con-
venience, a viewing mound was provided
and there are two interpretative displays re-
lated to the map and to the exposures to be
seen in the pit faces (photo below). The lo-
cality now forms one component in a nature
trail designed for use by cyclists.

Public arrraction

Management

Earth science sites, similar to “De Zénd-
koele™, can often be established through
representations at a local level, especially if
there is little potential for alternative and
conflicting land usage. Close co-operation
with local residents and the local authority is
essential in the establishment of such sites
and adoption by a local geological society or
conservationbodyisagood guarantee for fu-
ture management. In both cases, the more
the geologicalmonument arouses feelings of
local pride, the safer is its future. |

Drs. G. Gonggrijp

Research Institute for Nature Management
PO Box 46
NL-3956 ZR Leersum
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Irish
peatlands

Valuable heritage

Donal Daly

hink of the natural beauty of Ireland
I and what comes to mind? Perhaps an
image of rolling green fields, or of the
Lakes of Killarney, or of the surreal lime-
stone landscape of the Burren in County
Clare, but whatever it might be it will un-
doubtedlyinclude the wild boglands or peat-
lands. This is understandable —they are a
scenic and extensive landscape feature and,
although under increasing threat, many are
still relatively undisturbed.

Mentionboglandstothe Irish people and the
automatic associations will be many and
varied —unproductive farmland; peat cut-
ting for fueland the generation of electricity:
beautiful landscape; aninspiration for poets
and artists; bleak, wet and soggy areas;
unique ecosystems; a hindrance to develop-
ment; a brown and purple wilderness; tour-
ism potential. In these reactions lie the fu-
ture of Irish peatlands, for they reflect
cvonflicting experiences and views as to the
utilisation of a natural resource and hold the
answers to a series of questions. Which will
predominate, conservation or destruction?
Willincreasing pride in this aspect of ournat-
ural heritage bring about successful conser-
vation? Will concern for our environment
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and the economic benefits of cultural and
eco-tourism avert destruction? The omens
are good, but the time available isshort, per-
haps too short!

Formation and distribution

Peatlands (or mires) are accumulations of
waterlogged vegetable matter topped by a
surface layer of living plants. Water plays a
vital role in peat formation as it acts as a pre-
servative against decay by excluding the en-
try of oxygen. Consequently, peatlands
forminwetareas where the rate of plant pro-
duction exceeds the rate of plant decompo-
sition.

In Ireland there are three types of
peatland —raised bogs, blanket bogs and
fens. The term “bogs” is used to describe
peatland where the only water source is the
rainfall; as a result such peatlands are acidic
and poor in minerals. Fens, in contrast, are
less acidic and often alkaline as the main wa-
ter source is mineral-rich (usually calcium-
rich) groundwater or surface water.

Raised bogs attain their finest development
in Ireland where they coverlarge areasof the
Midland limestone plain. Most have devel-
oped from fens —as the peat continued to ac-
cumulate, it formed a flattened dome,
slightly higher than the surrounding areas—
hence the name. Their peat consists largely
of Sphagnum mosses and can reach thick-
nesses of up to 15 metres.

Blanket bogs, on the other hand, cover vast
tracts, mainly in the wetter West of Ireland
and in mountain areas. Their peat is less in
thickness and, unlike that of the raised bogs,
is more “grassy” in character, with little
Sphagnum.

Extraordinary and special geological
deposit

Peat is a fascinating and extraordinary geo-
logical material, although, despite its fasci-
nation, it is seldom studied by geologists in
Ireland. Itisthe onlysedimentthat, initsnat-
uralstate, consistsofliving plantsgrowingon
the accumulated and now inanimate re-
mains of their ancestors. Thus, at the same
time, peat is both living and dead!

A striking characteristic is the high water
content—five metres of peat may contain as
muchas4.7metresof waterandaslittleas0.3
metresofsolid plant material. Waterin peat,
asinotherrocks,ispresentinthe freestatein
the pores but, unlike other rocks, waterisan
essential part of the structure of the peat.

Only asmall proportion is mobile, although
thisvaries with the hydrauliccharacteristics.
As a consequence, the engineering and hy-
drological significance of peatlands is often
complex and difficult to understand.

Peatlands are a major landscape feature and
geological unit in Ireland as they cover 16%
of the land surface—a higher proportion

P. Foss

thanin any other European country with the
sole exception of Finland. As such, the wild
open spaces provided by peatlands are part
of the beauty, scenery and character of Ire-
land. Because of their ability to trap and pre-
serve animals, pollen and other plant re-
mains, they play a vital role in reaching an
understanding of the geography of the last
10,000yearsandthisbenefitisnotmerelyaca-
demic or historical for evidence from the
peat can be used to assist in the understand-
ing and prediction of present and future pol-
lution and climatic effects.

Peatlands are also major habitats for plants
and animals, many of which are dependent
on peatland for their survival e.g. certain
speciesof Sphagnumandthe Golden Plover.
They provide valuable genetic resources,
which arguably from a moral viewpoint
should be conserved, but even from a utili-
tarian viewpoint, they may in the future be
needed for the benefit of humankind, for
food, medicinal and other purposes.

The development of peatland through ex-
traction has provided significant economic
benefits to Ireland, providing employment,
fuel, electricity, goods for export and substi-
tutes for imports. New peat-based products
have been developed by Bord na Mona (the
Peatland Development Authority) which
have potential in the prevention of pollu-
tion. Peatiscurrentlyusedtotreatsewage ef-
fluent from septic tanks, to reduce odours,
and to absorb heavy metals from industrial
effluents.

Cultural and social influence

The historical, cultural and social influences
of peatlands are varied and complex. Peat-
land encroachment overwhelmed Stone
Ageand Bronze Agesettlementsitesinparts
of the west of Ireland, burying and preserv-
ing ancient field boundaries and cultivation
ridges. Peatlands provided obstaclestocom-
munication and travel and formed a barrier
to the exploitation of land; they also were a
natural defence against enemies, a hiding
place for treasures and bodies, a source of
fuel by traditional peat cutting methods, and
storehouses for perishable food, particu-
larly butter. For some people—poets, art-
ists, writers, musicians and others—they
have been a source of inspiration but, for
many people in rural Ireland, undeveloped
peatlands were associated with hardship,
poverty and disparaging comments. How-
ever, improved economic, educational and
travel opportunities are causing a gradual
change in attitudes so that there is now in-
creasing national pride in our peatlands and
a growing appreciation that they are part of
our national heritage. The development of
peatlands, particularly since commercial ex-
ploitation commenced in the 1940s, has
brought prosperity, particularly to the
Midlands—a prosperity which has brought
major social benefits and which is now under
threat as the peat resource is gradually being
exhausted.

In recent times, the touristic potential of
peatlands is being realised as cultural tour-
ism and eco-tourism expand worldwide.
Visitors, including scientists, are now com-
ing to Ireland to appreciate a unique ecosys-
tem, a beautiful scenic landscape and. in
partsofthe westofIreland, anaccessible wil-
derness area.

Peatlands under threat

Peat cutting drainage, afforestation and ag-
ricultural development have destroyed most
of the peatlands of north-western Europe.
Irelandremainsasoneofthelaststrongholds
of peatlands, although this status is now un-
der serious threat from human activities. As
aresult of drainage and extraction, only 7%
oftheraisedbogsremainrelativelyintact. At
the present rate of decline, except for six
bogsalreadyin part protected, all remaining
wet, relatively intact, raised bogs of scien-
tific interest will have been destroyed by
1997. Blanket bogs are being destroyed
more slowly but, even so, afforestation,
overgrazing and other human activities con-
tinue to spoil the integrity of these areas so
that it is difficult to find extensive and undis-
turbedtractswhichnowsurvive. The conser-
vation of peatlands is the most urgent
issue confronting nature conservation—
including earth science conservation—in
Ireland.

Saving our peatland heritage

To conserve what remains of the Irish peat-
lands requires:

1. Improved legislative control over devel-
opments that threaten their interest.
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. An improved understanding of the hy-
drology and hydrogeology of peatlands
to enable effective measures to be taken
in their conservation.

3. Increased financial and staffing re-
sources to allow the purchase of peat-
lands, the payment of compensation
where this is necessary in the interests of
conservation, the monitoring and man-
agement of conserved sites, and im-
proved promotional and interpretative
facilities.

4. Increased emphasis on the creation of
greater publicawareness and pride in our
peatland Areas of Scientific Interest by
conservation scientists and administra-
tors.

5. Expansion of carefully planned and con-
trolled tourism development based on
conserved peatlands and providing alter-
native employment to peatland extrac-
tion and utilisation.

6. Further national and international en-
couragement and support.

Dr.D. Daly

Geological Survey of Ireland
Beggars Bush

Haddington Road
IRL-Dublin 4



Danish
cliffs

Arne Nielsen

enmark is a small and low-lying
D country. The peninsula of Jutland

andthe450orso Danishislandsofall
sizes together have an area of only 45,000 sq
km and nowhere rise to more than 173 m
above sealevel. However, despite its small
area, Denmark has a very long coastline
which extends for some 7,325 km, about a
hundred times the length of the land frontier
with Germany.
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Hanklit

The coast of Denmark shows a great variety
of phenomenainitsbeaches, dunesandtidal
flats and in its cliffs cut in both hard and soft
rocks. Many of the eroding cliff faces are of
great scientific and educational importance
and some are recognised as of international
value as standard reference sections.

Thanks to the Danish Nature Conservation
Law, there is a general right of access to all
beaches: inaddition, astripofland, 100 min
width, along the coast is protected from
building and other human interference. On
this basis, it has proved just as possible to
conserve many localities of value to the earth
sciences, as it has to maintain the tourist at-
tractions along the coast.

Most of Denmark is composed of sediments
laiddownduringthelast2.5millionyears,an
era known to geologists as the Quaternary.
Duringthistime, there were many periods of
intense cold when an ice sheet, somewhat
similar to that which still exists in Antarctica
today. gathered over Scandinavia and then
flowed southwards over Denmark. These
glaciations have largely determined Den-
mark’s geology and scenery—most of the
country'ssurface hasbeencarvedinmaterial
brought from the north by the ice.

In its journey southwards, the ice sheet
passed over older deposits of sand, clay,
chalk andlimestone. The ice dislodged great
masses of these rocks and transported them
from their original sites before later deposit-
ing them as giant rafts mixed in with its own
glacial deposits. Ascanreadily be imagined,
these rafts were distorted by ice pressures
when in transport and much can be learned
about the flow of the ice from their study.

Each time a cold period came to an end. the
icesheetmelted and the water from the melt-
ing ice modified the glacial sediments, over
which it drained, to form a new suite of
fluvio-glacial landforms. In addition, the
growth and shrinking of each ice sheet
causedfluctuationsinsea-levelandthese are
recorded by the features produced at the
time by marine erosion and deposition.

Evidence for all these events in the pre-
history of Denmark can be seen in the
present coastal cliffs. These exposures owe
much of their importance and interest to the
continued work of the sea for they are kept
clear and clean by present-day marine ero-
sion. The examples quoted below serve to
give some indication of the variety and im-
portance of the earth science phenomena to
be seen around Denmark’s coasts.

Lonstrup Klint

This 12 km long coastal exposure lies on the
west coast of Vendsyssel, Northern Jutland.
Its central part—Rubjerg Knude —rises to
90 m above the sea and provides a section
which shows up to 50 m of glacial and fluvio-
glacial sediments, which were originally laid
down horizontally, but which were later dis-
torted and folded by ice movements during
the most recent glaciation. These are cov-
eredbyabout40mofwind-blownsand, most
of which has accumulated during the past 50
years. Alighthouse, outofactionsince 1956,
has been almost buried by these new sand
dunes. Thecliffhereretreatsabout [.5mper
vear and this serves to keep the exposures
open for research and education.

Hanklit

The coastal cliffs around the western part of
the Limfjorden in North-West Jutland pro-
vide exposures of the white diatomaceous
clays with intercalations of black volcanic
ash, known as the Mo-Formation and dating
fromlongbefore the onsetof the glaciations.
These beds have been spectacularly dis-
torted and folded by ice moving from the
northduringthelastglaciation. The mostim-
portant exposure is at Hanklit. a 65 m high
cliff on the northern coast of the island of
Mors.

Bovbjerg

Another important cliff exposure is to be
found at Bovbjerg, on the west coast of Jut-
land. The cliff provides a very instructive
north-south cross-section, almost 6 km in
length, which demonstrates the so-called
Ice-Border Line, a boundary important in
the Danish landscape. This Line separates
thesouth-western part of Jutland, which was
not covered by the ice sheet in the most re-
cent Ice Age, from the northern and eastern
parts, which were coveredbyiceatthattime.
The limit of the ice on this occasion can be
traded from Bovbjerg to Viborg and from
there further southwards. The cliff reaches
40 m in height below the lighthouse and
shows glacially distorted, ice-deposited sed-
imentsofvarious agestothe northand undis-
turbed gravels and sands washed out from
the ice by meltwater to the south.

Stevns Klint

This cliff lies on the eastern coast of the
Stevns Peninsule in South-East Sealand and
reaches a height of over 30 m. Its exposures
show Upper Cretaceous limestones, tra-
versed by horizontal beds of black chert, be-
low Lower Tertiary bryozoanlimestone with
layersofgreychertwithathincoverofglacial
deposits above. This—the most significant
type locality in Denmark—is of interna-
tionalssignificance and defines the boundary
between the Mesozoic Era of earth history
with the younger Tertiary Era, the actual
junction being marked by a bed of dark marl
(the so-called Fish Clay). The rocks seen at
Stevns Klint thus span the period at which
the dinosaurs (and many other groups) be-
came extinct and were replaced by new fau-
nas dominated by mammals.

Mons Klint

Mons Klint

Mons Klint, the most famous and pictur-
esque cliff in Denmark, lies on the eastern
coastofthe Island of Mons. More than 100m
in height, its face shows white Chalk broken
by green patches which mark where mate-
rial, nowvegetated, hasfallen from the over-
lying glacial deposits. The rocks have all
been glacially distorted and deformed and
the Chalk has been broken into 50 or more
overthrust slices whose bedding can be seen
from the bands of flint and chert to be
steeply, or even vertically, inclined. Be-
tween the slices of Chalk are found parts of
the sequence of glacial deposits which once
overlay the Chalk before this was fractured
and displaced by later ice movement.

Bornholm

Bornholm lies in the Baltic Sea between
SwedenandPoland. Itsrocksare mucholder
than those of the rest of Denmark and have
been brought to the surface due to move-
ments within the Earth’s crust. Its north-
western coast provides exposures of ancient
granites and on the south-east there are
coastal exposures showing the island’s his-
tory over a period of about 500 million
vears—fromthe depositionofrockscontain-
ing early fossils to the deposition of the
Chalk.

These examples are sufficient to show the
importance of the contribution made by
Denmark’s coastal cliffs to the study of the
geological history of Northern Europe. In
addition. these cliffs have an important role
in the education of future generations of ge-
ologists. Fortunately many of the sections
they provide are protected by the Nature
Conservation Law and the remainder are
registered as National Geological Localities
of national and international interest.

If these cliffs are to retain their value to sci-
ence, it is most important that they should
continue to be subject to the cleansing action
of the sea, for it is only through marine ero-
sionthattheirinterestismaintained. Coastal
“protection” should not be allowed to inter-
fere with this work of nature for natural phe-
nomena are the basis of all culture and the
rocks which underlie the landscape are the
foundation forallother natural phenomena.
We thus have a cultural duty to conserve our
geological localities. |

A. Nielsen

Danmarks Geologiske Undesagelse
Thoravej 8

DK-2400 NV Copenhagen

Denmarks Geologiske Undesagelse



The

Dorset coast

William A. Wimbledon

“Heritage first!—or last?”

of England’s south coast and its Wes-

sex landscape has been an inspiration
for many artists and novelists. Its attraction
is, atleastin part, due toits underlying rocks
and its 120km long coastline from the mas-
sive landslips of Axmouth to Bournemouth,
its largest town, shows some of the most di-
verse geology and landscapes in north west
Europe.

The County of Dorsetisone of the gems

Alternations of hard and soft rocks have led
to a variety of, often colourful, coastal
landforms—including the fretted coastline
of Poole Harbour, one of the largest natural
harbours; the rock arches and coves of the
Lulworth Fossil Forest area and, further
west, the 30km longshingle tombolo of Che-
sil Beach, described as one of the natural
wonders of the world.
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Forthesereasonsthe county hasalwaysbeen
a honey pot and a training ground for stu-
dents of geology and geography. For those
researching Earthhistory (stratigraphy), itis
one of Europe’s most important areas, con-
taining some of the best places to see rocks
dating from the age of the dinosaurs, laid
down for the most part in ancient seas, be-
tween 200 and 60 million years ago.

Dorset’s geology proclaims that Britain is
very much partof Europe, despite any polit-
icalopinionstothe contrary, foritsrocksand
their fossils cry out to be compared to, forin-
stance, those of Normandy or of the Boulon-
naisor Wurtemburg. Inthelastcentury, con-
tinental geologists such as D’Orbigny came
tovisit Britishsites. The completeness of the
rock and fossil record in Dorset led
D’Orbigny to take certain of its coastal cliffs
as the global comparative standards for ma-
jor portions of geological time (called by ge-
ologists stages)—horizontal slices through
the enormous layer cake whichisthe Earth’s
crust.

Dorset’s geological fame dates back to these
and to earlier studies in the late 18th and
early 19th centuries when the first discover-

Thecliffandlandslipareaof Lyme Regis builtup by
190million year old Lias rocks has been famous for
its giant fossil reptiles and ammonites for more than
1wo centuries.

ies of ancient life led to a realisation that the
Earth was much older than had previously
been believed, and that the relative ages of
the rocks could be determined by the diffe-
rent fossils found in them. Dorset continues
to be the subject of much research and inter-
est. Since the earliest days of the science,
more than 3000 papers and books have been
published on the county’s geology.

Tourism and science

Tourisminits broadestsense came to Dorset
at about the same time as the first geological
revelations. Visits by George III to Wey-
mouth were a spur to the upper classes to
come and take the air. Large hotels grew in
Victorian times the coming of the railways
brought mass developments of holiday and
retirement homes for a growing middle
class, followed in the present century by a
flowering of caravan sites. In the last fifteen
years, road improvements have put Dorset
within a few hours of the major centres of
population, and the growingnumbers of visi-
tors have been a catalyst for speculative de-
velopments of more housing, marinas,

W. A, Wimbledon

wind-surfingcentresandthe like. The netef-
fectoftheseis, of course, toalterand insome
cases to totally change the very scenic coast-
line which attracted the visitorsin the firstin-
stance.

Today’s pressures on the geology and land-
scape are the construction of new man made
structures and their protection from the nat-
ural processes (slope erosion, landslipping
and wave action), which always have acted,
and always will act on the coast. In some ar-
eas, such as the Bournemouth cliffs, the
beaches are artificially nourished, the con-
crete aprons and promenades are continu-
ous and the cliffs are graded and artifically
vegetated—there is nothing natural left. In
other areas, some of them internationally
the most important for their rocks and fos-
sils, the process has not gone so far but local
priorities continue to take precedence over
the preservation of our landscape and scien-
tific heritage.

Housing developments which should not
have been allowed close to cliff tops are now
the trigger for applications for sea defences
and the grading and loss of the natural cliffs.
Undeveloped stretches of coast close to
towns are becoming fewer and these are
comingunderincreasing pressure fromspec-
ulative developments. Only in those areas
controlled by the army or large private es-
tates does rural peace prevail.

Examples

Ishallcite just three examplesofinternation-
ally important sites where nature and geo-
logy have come into conflict with modern so-
ciety. The firstis Chesil Beach, an enormous
storm beach which has been overtopped by
exceptional storms many times in recorded
history;thereareaccountsoflarge merchant
shipshavingbeencarriedoveritstoptobere-
floated in Portland Harbour. The modern
answer to these perhaps once in fifty year
flood events has been to build a storm drain
parallel with the crest back of the beach, de-
stroying the contours of the feature and con-
taminating the body of the landform with
foreignrock introduced ontothesite for con-
struction. The irony is that no one knows if
the drain will work when the exceptional
storm comes, but it is certain that a unique
piece of landscape, perhaps dating back to
before the last Ice Age, has been irretriev-
ably damaged.

The second instance is of the 100 m high Ju-
rassic cliffs of the Isle of Portland, one of
those sections recorded by D*Orbigny as be-
ing good enough tobe the world standard for
this piece of geological time (the Portlandian
Stage). There the local authority decided.
without consultation, to protect a cliff-top
footpath by tipping quarry spoil down the
cliff; certainly not enough tosupport the cliff
and the path, but sufficient to obscure a sec-
tion that scientists come from all over the
world tosee. The wild undercliff of Portland
is inaccessible and so only time and weather
can wash away the remains of this futile ac-
tion.

The third instance is at Durlston Bay. There
the Purbeck rocks record a dramatic change
that occurred over large areas of Europe at
the end of the Jurassic Period and the start of
succeeding Cretaceous times. What had
beensea for the previous 60 million years be-
came emergent land, with lakes and lagoons
teaming with life. Durlston has been a fa-
mous source of unique early mamals (some
ofthe firstdescribedin the rocks of the age of
dinosaurs) as well as fossil turtles, croco-
diles, flying reptiles, lizards, dinosaurs and
fish.

However, twenty vears ago, a block of flats
was constructed close tothe clifftopandona
major faultline in the middle of an otherwise
naturalcliffedbay. Thiswas done despite op-
position from ‘geologists and conservation
bodies. The cliffs eroded and, in 1989, 2 mil-
lion pounds was spent to support the build-
ing. An enormous cone of rock debris has

Chesil Beach has suffered great damage and disturbance through various schemes over the years.

been tipped down the cliff to give this sup-
port. Many have said that demolition of a
building, which should not have been built,
and compensation to the owners would have
been a better and less damaging option for
this heritage coast.

Atpresentitseems that the planning (devel-
opment) system cannot cope with the situa-
tion where internationally important land-
scape and geological sites are under threat.
Responsibilities to conserve such a heritage
donot fit well into a local situation where lo-
calauthoritiesand councillorsregard contin-
ued economic growth and anything that will
attract more tourists as the absolute priori-
ties. Sadly such ends can ultimately only be
compatible with total urbanisation and the
loss of all that is natural. |

Dr. W. A. Wimbledon

Nature Conservancy Council
Northminster House
GB-Peterborough PE1 1UA
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Swiss
moraines

Bruno Stiirm

been changing the face of the earth. In

the past he proceeded gradually, and
his response to natural phenomena was
more sensitive, imaginative and discrimina-
tive than is the case nowadays. The land-
scapes fashionedin thisway had a distinctive
character and created a harmonious effect.
Modern techniques allow increasingly dras-
tic changes to be inflicted on the texture of
the land and the balance of nature: land-
scapes are rationalised and cleared of what-
ever appears to be of no use; they are “do-
mesticated”’, robbed of their specific
character and their originality. The geologi-
cal and geomorphological evidence of thou-
sands or millions of vears of landscape build-
ing is among the principal victims. Most of
the damage isdone unconsciously and canbe
put down to mankind’s failure to appreciate
the interrelationships and the values at
stake. But with information that is factually
correct and appropriate basic principles for
legislation and planning, the process may yet
be channelled in the right direction.

Since the earliest times, mankind has
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Physiographical feature worthy of
protection

The moraine landscape on the edge of Swit-
zerland’s central plateau, between the Riv-
ersSihland Lorze (Canton of Zug) willserve
toillustrate the point.

Albert Heim, the celebrated geologist de-
scribed this area as the most magnificent
landscape in the country. Where it has es-
caped the severest onslaughts, it has every
appearance of an unspoilt rustic landscape
with typical old farmhouses to delight the
eye, as well as fine cherry and pear orchards
and marshy dells. Particularly attractive and
conspicuous are the numerous lime-tree
covered hummocks which local people refer
tosimplybutaffectionatelyas“Hoger™. This
unique, impressive physiographical feature
came into being as a result of the combined
action of two major ice masses:

Atransverse valley cutin the bedrock before
the ice age assisted the advance of the Linth/
Rhine glacier from the basin of Lake Zurich
towards that of Lake Zug, occupied by the
Reussglacier. Asthe glaciersmoved intothe
previously ice free area from both sides, ice
reservoirs were formed in which varved sed-
iments were deposited. Strong meltwater in-
flows led to large-scale aggradation. As the
ice masses moved forwards, they eventually
covered up the materials deposited in the in-
tervening space. Most of the “Hoger” are
drumlin-like lateral moraines formed in the
phase of glacial advance and subsequently
covered over.

Atthetime of their maximum extension dur-
ing the Wiirm glaciation, the two glaciers
merged overadistance of some 5 kms. In the
south-western partoftheregion, onecandis-
cern four maximum stages of the Linth/
Rhine glacier. The corresponding terminal
moraines, outwash fans and meltwater
troughs have left their mark on the physical
appearance of this region to this day.

As a result of warmer climates, the glaciers
retreated. Because the floor of the Linth/
Rhine glacier was only very mildly sloped.
unlike thatof the Reuss glacier, its recession
steps are more pronounced and more
sharply segmented. Evidence of glacial re-
treatin the landscape include moraine walls,
meltwater troughsand deadice depressions,
many of which are silted up.

Conflicts

Situated on the edge of the Zurich conurba-
tion, between the Rivers Sihl and Lorze, this
moraine landscape suffers from increasing
development pressure. The boom in the
building industry has caused the demand for
gravel and sand to soar to unprecedented
levels. Onaverage, a million cubic metres of
material have been excavated every year for
the past five years. Reservesinrespect of au-
thorised quarrying schemes amount at

present to approximately 10-15 million cu-
bic metres. Other reserves totalling some 40
or 50 million cubic metres are notauthorised
for exploitation although their volume and
structure would permit this, according to
currenteconomic and technical parameters.
With the market under such strain, this rep-
resents a huge potential source of conflict.

While it is true that the consequences of in-
dustrial operations can be mitigated by care-
ful selection of gravel-pit sites and appropri-
ate landscape restoration, there are limits to
what can be achieved: lack of rock-fill or of
suitable materials for the purpose, the de-
mands of water protection and the farmers’
interest in having land that is as even and as
casy to cultivate as possible, are consider-
ations which restrict the landscape artist’s
scope: valuable features like drumlins and
moraine wallscanatbest be reconstituted af-
ter the manner of the originals and on the
same spot; but their substance and internal
structure are lost for ever.

Only in the last few years have people be-
come aware of the special significance and
uniquenessof thismorainelandscape. and of
the threat that hangs over it. Public opposi-
tion to new quarrying schemes is growing.

Solution in sight

The instruments available to the authorities
for guidance and co-ordination have been
steadilyimproved under pressure from pub-
licopinion.

With theintroduction of planning measures,
areas for gravel extraction have beenstrictly
demarcated. They are mainly limited to ar-
eas there this use has been autorised before.

To achieve maximum economy in the use of
mining grade reserves. a quota system has
been imposed by law to fix the amounts of
material that may be quarried annually. In
the area of moraine landscape between the
sine and the Lorze, the present figure is
around 800,000 cubic metres.

Under the 1988 Act on the protection and
maintenance of the moraine landscape, no
new quarrying permits may be granted. The
rules may, however, be waived to permit
schemes that are demonstrably in the public
interest to go ahead.

To ensure that all interests are duly taken
into account. the moraine landscape be-
tween the Sihl and the Lorze has been en-
teredinthe Federal Registeroflandscapesof

P. Studer

national importance. This ensures that it re-
ceives maximum protection under the Fed-
eral Nature and Heritage Protection Act.
Evenso, the future ofthe moraine landscape
area remains uncertain in so far as the grow-
ing scarcity of raw materials could justify the
gravel suppliers’ claim to be acting in the
publicinterest.

Conclusions

Gravel, sand and other mineral resources
areirreplaceable in the same way as unspoilt
landscapes, and must therefore be used eco-
nomically.

The currently applicable legal texts and
planning instruments empower the authori-
tiestokeepgravelquarryingundercontrolin
the moraine landscape area and tosafeguard
this valuable physiographical feature. How-
ever, the problems associated with gravel
supply have not been solved satisfactorily,
but only shifted into other sectors. No-one
yet knows how the intervention system thus
established will react to the next rash of de-
velopment.

The need now is for a supraregional plan to
ensure that the commercial exploitation of
raw materials is economic and at the same
time respects the landscape and the environ-
ment. To ease the market, every encourage-
ment must be given to the use of gravel
substitutes. |

Dr. B. Stiirm

Limmlisbrunnenstr. 62
CH-9001 St Gallen
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Finnish eskers

Osmo Kontturi

Il countries have their own charac-
Aterisric landscapes whose evolution

is a result of an interplay of natural.
historical and anthropogenic factors. All
parts of the world are now influenced by hu-
man activity and it is therefore becoming
more and more worthwhile to conserve nat-
ural landscapes as they are today, especially
if they are examples of some rare or uncom-
mon variety. The glacio-fluvial, or esker,
landscapes of Finland are a case in point,
having developed through the interaction of
geological, biological and socio-economic
processes over the past 12,000 years.

These landscapes date from the end of the
most recent glacial period and were formed
at a time when the Scandinavian ice sheet
was wasting away. They originated, either
undertheice, or at the ice front, through the
action of meltwater. Deposition and erosion
of sand and gravel led to the production of a
great variety of the so-called glacio-fluvial
landforms, ranging form flat fans to knobs
and ridges, but the most striking is undoubt-
edlythe esker,ameanderingsandand gravel
ridge which can be tens of kilometres long,
and which is aligned parallel to the direction
of ice movement.

Internationally valuable asset

By definition, glacio-fluvial landscapes are
restricted to areas of past glaciation. In Fin-
land, they form some of the most beautiful
scenery, especially where combined with
lakes, mires and rivers. They have a unique
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vegetation which contains a number of rare
species. Inspite of its poverty and lack of va-
riety in biotopes, the typical esker vegeta-
tion offers habitats for anumber of species of
animal —for example, the wild forest rein-
deer, semi-domesticated reindeer and vari-
ous birds such as the tree pipit and the night-
jar. Such factors have been taken into
account when the conservation of glacio-
fluvial landforms has been in the balance.

The slopes of eskers frequently show the
marks of ancient shorelines at various
heights and these tell of fluctuations in the
level of the Baltic Sea or of local lakes.
Former shorelines are known to have been
important to Stone Age Man who used them
for fishing and who built his houses nearby.
Researchintothenatural history of these an-
cient shorelines often yields results which
can be used to estimate the dates of prehis-
toric dwelling sites.

Conflicting land uses

Although human activity in esker areas can
be traced back to prehistoric times, human
impacton glacio-fluviallandscapesislargely
restricted to the last few centuries, with vir-
tually all the major changes having been ef-
fected in the last 20 to 30 years.

Today. the glacio-fluvial deposits of sand
and gravel are subject to a wide variety of
partially conflicting, and partially compati-
ble formsofland use. including extraction of
gravel, supply of groundwater, building, re-
cration and nature conservation.

Many campingsites, sportscentresand tour-
ist centres have been established in glacio-
fluvial landscapes but, unfortunately, their
attractiveandhighlyvariedsceniclandforms
have not proved sufficiently resistant tosuch
treatment. This has led to mild conflicts be-
tween tourism and nature conservation.

Major environmental conflicts arise over
gravel extraction. Although the total con-
sumption of gravel is very small in compari-
sion to the gross resources. extraction has
caused considerable damage to the environ-
ment e.g. by harming beautiful esker land-

scapes, increasing risks to groundwater sup-
plies and by restricting the recreational use
ofeskerareas. Foreconomicreasons, gravel
cannot be transported over distances of
more than 60-70 km (and sometimes much
less) and the gravel resources of Finland are
somewhat unequally distributed on a re-
gional scale, with many areas rich in gravel
having only a low level of demand. There is
therefore great pressure to extract the lim-
ited resources near the major towns and cit-
ies so that natural glacio-fluvial landscapes
have largely disappeared from within 40-60
km of all the larger population centres in
Southern and Central Finland, such as Hel-
sinki.

This forms the background to the scientific
assessment of eskers as part of the case for
their conservation and to the obligation to
preserve untouched samples of natural
glacio-fluvial landscapes for future genera-
tions.

Investigations and planning

The first definite moves towards the conser-
vationof glacio-fluviallandscapesinFinland
date from 1972 when a nationwide investiga-
tion of eskers, financed by the National Bu-
reau for Nature Conservation, was begun.
The principal aim was to gather together all
information relevant to planning the future
land use of the glacio-fluvial areas on a na-
tionalbasis. This wasdonein two phases, the
first—the preparation of an inventory—
beingcarried outinthe 1970’s under existing
legal powers for nature conservation, and
the second—in which new methods of inves-
tigationandanalysisweredevelopedand the
inventory was updated—took place after
new laws governing sand and gravel extrac-
tion had been passedin 1982.

The first stage in the preparation of the in-
ventory was the identification of glacio-
fluvial landscapes on the Basic Map of Fin-
land and this was followed by traditional
fieldwork supplemented by oblique air pho-
tography and. to some extent, Landsat im-
ages. Each area was classified on the basis of
its geological, geomorphological, biological
andlandscape characterandarecommenda-
tion was made regarding suitable future
forms of land use. Data were collected for
1,765 esker areas, with a total land area of
some 240,000 ha—approximately 25% of
the total area of glacio-fluvial landscapes in
Finland. Most glacio-fluviallandscapesliein
Northern and Eastern Finland—the most
remote and sparsely populated parts of the
country.

Even before the Extractable Land Re-
sources Act came into force on 1 January
1982, two Ministries had been involved with
planning for the conservation of glacio-
fluvial landscapes. A working group in the
Ministry of Agriculture and Forestry had
collected data from 1977-80 with the aim of
drawing up a co-ordinated national pro-
gramme foreskerconservationandthe Plan-
ning and Building Department of the Minis-
try of the Interior, from 1976-80, had
surveyed esker areas of national signifi-
cance. The results obtained were combined
and reviewed by the new Ministry of the En-
vironment which wassetupin 1983. The out-
come was a national programme for esker
conservation which was ratified by the
Councilof Statein 1984and which covers 159
esker sites with a total area of 96,000 ha. In
addition to the sites included in this national
programme, many areas of glacio-fluvial
landscape are recognised at aregional level,
e.g. through being included in the lists of
conservation and recreation areas drawn up
by the Regional Planning Associations.

Conservation in practice

In legal terms, the protected glacio-fluvial
areas of Finland are:

1. Parts of nature reserves or national
parks, with the status of state land;

2. privately owned land which has been de-
clared a nature conservation area;

3. specialforestareas,designatedassuchby
some government agency, usually the
National Board of Forestry. The total
area protected is about 15,000 ha, or
about 1.5% of the area of glacio-fluvial
landscape in Finland. In terms of the tar-
gets set, this is obviously quite inade-
quate.

For example, the Salpausselki End
Moraines—in international terms, the most
significant formation in Finland in the field
of Quaternary Geology — are represented
in only five conserved areas, all in the south-
west. Since features of this type have a signi-
ficance which extends to all Nordic coun-

tries, to Soviet Karelia and to North
America,andsincetheyareliable todestruc-
tion over most of the Nordic countries, their
protection, as first proposed by the Nordic
Council of Ministersin 1973, isamatter ofin-
ternational concern and should be a matter
of international co-operation. The failure to
follow up this proposal is therefore a chal-
lenge to earth science conservationists, es-
pecially those interested in the Nordic coun-
tries and Karelia; the lack of interest in the
conservation of glacio-fluvial landscapes
mustalsoconcern theircolleaguesin Central
Europe where there are remnants of glacio-
fluviallandscapes and geotopes produced by
earlier deglaciations.

Dr. O. Kontturi

University of Joenssu
Department of Geography
POBox 111

SF-80101 Joenssu
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At the Council of Europe

new initiative of the Committee on
AAgricu]ture aims atstoppingsoiland

water pollution by nitrates, phos-
phates, heavy metals and other pollutants
caused by manure from intensive animal
production. The Committee, in its report,
stresses the importance of restoring or safe-
guarding unpolluted soil and ground water
resources which are of fundamental impor-
tance for the production of quality food. It
asks in particular for improvements on stor-
age and spreading regulations in member
statesinordertoavoidthattheapplicationof
animal manure on farmland should result in
any degradation of the environment but
should rather improve soil and soil fertility.
This implies setting maximum limits on
quantities applied as a function of soil culti-
vation and manure quality. It also necessi-
tates rules for storage, application periods
and application technology as a function of
geography, climate and habitation.

Soil pollution and the consequences for agri-
culture was also one of the main concerns of
the first European Agricultural Forum
which was organised from 2 to 4 May by the
Committee, in co-operation with the Aus-
trian Federal Ministry of Agriculture and
Forestry and the European Confederation
of Agriculture. It was attended by some 200
representatives of governments, parlia-
ments and the agricultural profession from
Central, Eastern and Western Europe. The
Forumexpressed the concern that soil pollu-
tion andsoil erosion represented a threat not
only to agricultural production in Europe
butinfactitcouldendangerworld food secu-
rity.

In1986.the Committee presentedareportto
the Parliamentary Assembly in which it put
forward a recommendation that member
governments should give far more impor-
tance to their soil protection policies. ~ M

ning Charter, the so-called Torre-

molinos Charter, which was adopted
in 1983 by the European Ministers responsi-
ble for Regional Planning, sets out the fun-
damental objectives of regional spatial plan-
ning.

The European Regional Spatial Plan-
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Among other things, the Charter states that
regional spatial planning seeks to ensure re-
sponsible management of the environment
and the resources of land, sub-soil, air and
water, as well as achieve the rational use of
the land.

In 1988, the 8th session of Ministers respon-
sible for Regional Planning took these
guidelines as a basis for discussing land use
problems, with particular reference to the
quantitative use of land. In the resolutions
they adopted, the Ministers expressed their
concern at “the increasing tendency in re-
cent years to use land for immediate needs
withoutsufficient regard to the needs of pos-
terity or of nature”.

They noted that land was a limited, non-
increasable resource which could be difficult
andcostlytorecoverandwhichshouldthere-
fore be properly protected. They also
stressed the interdependence of the quanti-
tative and qualitative aspects of soil/land
protection and the interaction between spa-
tial (land use) planning policy and environ-
ment policy.

Land versus development

People are now beginning to appreciate the
true value of land as a resource limited in
quantity. It has been realised in a number of
countries that socio-economic development
consumes vast amounts of land every day
and that this trend needs to be controlled if
the wastage and indeed permanent loss of
good-quality land is to be avoided. Hence
the call for the rational use of land. At the
same time, however, rational land use
shouldnothampereconomicactivity andde-
velopment, since they play a key role in our
well-being and standard of living. Conse-
quently, an acceptable balance needs to be
found between, on the one hand, policies to
protect and preserve the environment and,
on the other. the demands of present-day
socio-industrial development.

The Ministers acknowledged the existence
of a conflict which should be resolved by an
active policy of rationalland use. Withaview
tofacilitatingthe implementationof suitable
policies at national level, they included in
their final resolutions a set of principles on
built-up areas, agriculture and the country-
side.

Instruments for rational land use

After analysing the main problems arising
from land consumption, the Ministers went
on to consider the instruments with which
the objectivesoutlinedin Lausanne mightbe
achieved. First priority, in their view, was to

develop, on the basis of the principles they
had adopted, some instruments for promot-
ing, implementing and managing a policy of
judicious and restrained land use.

At their 9th session, in Ankara (Turkey) in

October 1991, the Ministers will discuss the

various ways of improving instruments for

achieving rational use of land. These in-
clude:

— information instruments (e.g. cartogra-
phy, remote-sensing and databanks),
and monitoring instruments

— regulatory instruments and incentives
(e.g. fiscal measures and impact stud-
ies):

— socio-political instruments (e.g. an inte-
grated policy of local and regional devel-
opment, and co-operation between pub-
lic authorities and the private sector).

International problem

Because the problem ofland use inanew and
complex subject which in the past was dealt
withonlyat nationallevel, there isaneed for
international co-operationin the form of the
pooling of information and experience re-
gardingresearchandthe applicationofitsre-
sults. At present no machinery for co-
operation or documentation exists in this
field on a Europe-wide scale. At national
level, some land observatories have beenset
up, and the experience acquired by them
could be of interest to other countries.

The Ministers’ discussions might therefore
lead to the following conclusions:

® the various instruments will not become
fullyeffective untilindividualsandinstitu-
tions have recognised that land is a sepa-
rate entity and a limited natural resource ;

e conceptual and operational instruments
forrationalland use can enable urban and
industrial development to be reconciled
with soil protection provided that the
physical integrity of land is respected and
the concepts of functional flexibility, re-
usability and ease of demolition are ac-
cepted in respect of buildings;

® satisfactory vertical and horizontal co-
ordination of instruments for rational
land use should increase their efficiency,
priority being given to the idea of sustain-
able development;

® a European campaign for rational land
use and sustainable development might
be organised to alert the public to the
problems described above and promote
the implementation of relevant national
policies. ]
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