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THE ROLE OF GEOMORPHOLOGICAL
RESEARCH IN GEOECOLOGY

Illustrated by the example of geoecological relief evaluation in the National Park
Paklenica

MAJA SALETTO JANKOVIC

Geomorphological research is getting increasingly applied in
many sciences, and so in Geoecology (Landscape Ecology), as
well. This paper shows on the example of geoecological relief
evaluation in the National Park Paklenica a bare necessity to
accomplish geomorphological research in order to obtain a com-
prehensive insight into the relief as of the fundamental landscape
element.

ULOGA GEOMORFOLOSKIH ISTRAZIVANJA U
GEOEKOLOGIJI na primjeru geoekoloskog vredno-
vanja reljefa NP Paklenica

Geomorfoloska istrazivanja nalaze sve veéu primjenu u mnogim
znanostima, pa tako i u geoekologiji. U radu je, na primjeru geoek-
oloskog vrednovanja reljefa NP Paklenica prikazana neophodnost
ukljucivanja geomorfoloskih istraZivanja u svrhu cjelovitog
upoznavanja osobina reljefa kao temeljnog elementa krajolika.

INTRODUCTION

The results of geomorphological re-
search, as of a science on properties, genesis,
evolution and on a contemporary relief dy-
namics of the Earth surface (Bognar, 1994)
have been increasingly applied in a whole
range of other, more or less related sciences,
and in an everyday practical work, too. Since
relief and landscape are in a cause-effect rela-
tion to one another, or rather since relief
forms and geomorphological processes have
an immediate effect on landscape evolution
(both, on naturallandscape and on geographi-
cal, too), there is a need to include in all geoe-

cological research works the geomorphologi-
cal research and mapping, aswell. All over the
world, numbers of geoecological papers have
been dedicated to discovery of mutual depen-
dancy between the landscape and its valoriza-
tion in recreation purpose (Zee van der,
1990), or rather to the problem of adequate
use of a particular natural landscape in tour-
ism. This paper shows on the example of geoe-
cological relief evaluation in the Nationa Park
Paklenica a necessity of geomorphological re-
search in order to obtain a comprehensive in-
sight into the relief of the area as of he
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fundemental landscape element. The valori-
zation hasbeen performed from the aspects of
tourism! actually from the aspect of recrea-
tion® and sport3.

AIM AND OBJECTIVES OF RE-
SEARCH

The aim of the research was to find out
how valuable are particular parts of the Na-
tional Park Paklenica, from the view of tour-
ism, recreation and sport. The question of
actual and of potential relief value is ex-
tremely significant for the optimal landscape
utilization and for the best environment man-
agement. This problem is quite important in
the areas like national parks, particularly in
the NP Paklenica, where the relief forms and
its properties represented one of the basic cri-
teriaforits proclamation, as the area of special
social (scientific, educational; tourist) inter-
est. For a purpose to realize the objectives of
our research, it was necessary, to fullfill the
following objectives:

1. a detailed inventory listing and relief analysis

2. selection of criteria relevant for a geoecologi-
cal relief evaluation and conducting on these
grounds

3. a relief evaluation with reference to tourism,
recreation and sport, and

4. a selective evaluation of valuable and poten-
tially valuable relief parts in the NP Paklenica
(for tourism, recreation and sport purposes).

The most important and therefore the

most complex stage of research, is by all
means, the primary stage, in fact, aninventory
listing and geomorphological relief analysis.
This very stage is a predisposition for all other
stages and therefore a special attention
should be payed to it. Namely, on basis of
study and of the data obtained by a detailed
relief inventory listing and by its geomor-
phological analysis, the evaluation criteria
shall be elaborated.

38

METHODS OF INVENTORY LIST-
ING AND OF RELIEF ANALYSIS

The first and naturally, the fundamental
method in all geoecological explorations,
therefore in this one as well, is a field inspec-
tion. During numerous terrain inspections
(field wark) a detailed geomorphological
mapping has been conducted (on map 1: 25
000) resulting in identification and inventory
listing of all relief forms and of geomor-
phological processes, in determination of
their affiliation to a particular relief type, and
in scanning of all geomorphological proc-
esses. Due to a rather specific task (geoe-
cological relief evaluation!) a special
attention was dedicated to the relative assess-
ment of qualitative relief properties, too. This
was performed on basis of numerous quanti-
tative indicators.

In order to achieve this, relief shapes
have been systemized according to the basic
manifested morphographic shapes - summits,
hums, caves®, etc. Especially important for a
relief evaluation are geomorphological proc-
esses which may represent a vital limiting fac-
tor, about which we shall report later in the
text. Apart from the detailed geomorphologi-
cal mapping, the morphometric relief ana-
lysies have been performed, too. The height

1. Tourism - the sum of the phenomena and relationships
arising from the travel and stay or non-residents, in so far as
they do not lead to permanent residence and are not
connected to any earning activity (Hunziker and Krapf,
from: Zee, 1992.)

2. Recreation (recreare - to refresh) - aspect of tourism used
fora rest, including the activities of relaxation, refreshment,
pastime enjoyment.

3. Implies sport activities (walking tours, climbing -
mountaineering and alpinism/rock climbing, orientation)
with a purpose to develop and strengthen human body and
for competition (orientation and some aspects of rock
climbing).

4. For analysis and evaluation of caves, we used the results
from potholing research works (BoZicevié, 1965). Some
caves in the NP Paklenica have not been completely
explored yet.
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3. PEAKS

6. CAVES

PTS. APP.CAT. MOD.FACT. NEG.PTS.
1. SLOPES (>5° 50-10 4-0 Inclination 6-12° 5
- 10
33-55° 20
N exposure (wind Bora) 10
State of balance - mobile 10
2. ESCARPMENTS (>55°) 100-30 9-2 Relative altitude <300m 5
<200m 10
<100m 15
N exposure (wind Bora) 20
Ascendable with in > 1h 5
> 3h 10
: > 5h 15
State of balance - mobile 20
100-15 9-1 Altitude 1200 - 1300 m 5
1000 - 1200 m 10
800 - 1000 m 15
< 800 m 20
View - two directions 10
- only one direction 15
Shape - peaked and rocky 0
Large - domal 5
- rounded 15
Small - conical 10
- rounded 20
Accessible with in: 3 -5 h 10
57 h 15
>7h 25
4. KARST TOWERS 100-30 9-3 Relative altitude < 250 m 5
200-100 m 10
< 100 m 15
State of balance - mobile 20
N exposure (wind Bora) 10
Accessible with in: 3 -5 h 10
5-7h 15
>7h 25
5. VALLEY BOTTOMS 80-20 7-1 Width < 10 m 5
<5m 10
Dry period < 9 mth.. 10
< 6 mmth. 15
Rockiness - small material 10
- rock bblocks 20
Inclination  3-5° 5
- 10
13-32° 15
100-35 9-3 Length < 100 m 10
Accessible with in: 3 -5 h 10
5-7h 15
=7h 25
Lack of ornaments 20
Impassable (pathless) 10

Table 1. Criterions for evaluation
Tab. 1. Kriteriji vrednovanja reljefa
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relations (hypsometric map), slope inclina-
tions and vertical relief dissection have been
analised.

SELECTION OF CRITERIAFORA
GEOECOLOGICAL RELIEF EVALU-
ATION

Evaluation of relief, as an independent
factor among the given elements within the
natural environment, is one of the most diffi-
cult tasks (A. Bognar, 1990) and therefore a

gotes (karst towers), escarpments, caves, val-
ley bottoms and slopes.

The next step is defining which require-
ments a relief must fullfill in order to meet the
demands of the above quoted recreation
types. These are the following factors: physi-
cal convenience, scenic quality and accessibil-
ity. An answer on almost all questions
concerning these three requirements can be
found in geomorphological and morphomet-
ric maps.

Namely, when we speak about the physi-

QUALITY CATEGORY POINTS

9 - the most valuable terrains or relief forms 91 - 100
8 - fairly valuable terrains or relief forms 81 - 90
7 - predominantly valuable terrains or relief f. 71 - 80
6 - comparatively valuable terrains or relief f. 61 - 70
5 = predominantly less valuable terrains or r.f. 51 - 60
4 - comparatively unsuitable terrains or r.forms 41 - 50
3 - preaominantly unsuitable terrains or r.forms 31 - 40
2 - unsuitable terrains or relief forms 21 - 30
1 - rather unsuitable terrains or relief forms 11 - 20
0o - greatly unsuitable terrains or relief forms 1-10

Table 2 Relief quality categories

Tab. 2. Bonitetne kategorije geoekoloske vrijednosti reljefa

selection of relevant evaluation criteria is a
rather delicate and demanding job. The first
step is defining of recreation types for which the
evaluation shall be conducted. In this case, 3
recreation types (sports) have been remark-
ably represented in the NPPaklenica: walking
tours (up to 3 hourswalk), active mountaneer-
ing (more than 3 hours walk) and free climb-
ing. According to these recreation types
attractive relief types have been singled out,
separately evaluated and finally classified into
six morphographic categories: summits, mo-

40

cal requirements, we mean the relief forms, in
fact, a defining of relief forms, which in this
case are convenient for walking, mountain-
eering or free climbing. For evaluation of
physical requirements, vital are information
on relief farms,slape inclinations and slope
mobility. When we speak about the slope mo-
bility, we think of all destructive slope proc-
esses® which possibly occur on a particular

5. Destructive slope processes are: collapsing, drifting of rock
fall, rock sliding, soil flowing, creeping, run-off and gullying
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RELIEF APPRAISAL MAP

NP Paklenica

Peak

Karst tower

Cave

Escarpment (scar of rock fall)
Valley bottom

Slope

O\§ oo >

Relief appraisal categories
(from the tourism point of view)

[I] Extremely valuable
Very valuable

Mostly valuable
Moderatly low valuable
[1—1 Mostly low valuable
[4_] Moderately unsuitable
[3_] Mosty unsuitable
[I] Unsuitable

E] Very unsuitable
[0 ] Extremely unsuitable

( 3l

Fig. 1. Relief Appraisal map

Fig. 1. Karta geoekoloskih vrijednosti reljefa NP Paklenmica

slope, influencing the physical convenience of
arelief for touristvalorization. Actually, these
processes have an immediate impact on
slopes stability (collapses, drifting, rock falls
etc.) and therefore on decreased safety (for
tourists). An exposition of slopes to the north-
eastern wind (Bura) should not be forgotten
either, being essentially important for free
climbing (as a limiting factor). Therefore, in
geoecological evaluation, a special attention
has been payed to slope mobility and to slope
exposition.

As for the scenic quality we primarily
think of landscape attractiveness, or rather of

R 4

relief property able to attract by its outward
appearance a large number of tourists. Al-
though attractiveness is a matter of subjective
or personal evaluation, we tried to select as
most "objective" criteria as-possible, and used
data like altitude above sea level or relative
altitude, a view extension from a particular
spot, availability of specific attractive caves
"ornaments" (speleothems) and so on.’
Accessibility can be defined as the general
proximity in terms of time of all points in a

6. For selection of criteria on attractiveness, inquiry results
conducted among the visitors of the NP Paklenica, in
summer 1987 and 1988, have been used.
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region (in the NP in this case) to a given kind
of activity or facility, reflecting the degree to
wich a resource can be approached (Grinde
and Kopf, 1986, from: Zee 1992.). Actually,
we tried tomeasure how long and how difficult
is walking from one place in the NP Paklenica
to another. For evaluation of accessibility, the
maps with marked tracks’ have been used,
maps with slope inclinations, map with verti-
cal relief dissection and a geomorphological
map (slope stability). Taking into account all
positive (availability of a good track) and
negative (high inclinations and relief dissec-
tion, slope mobility where the footpath runns)
factors, accessibility is indicated in walking
hours needed to reach certain point within in
the Park.

GEOECOLOGICAL RELIEF EVALU-
ATION

As we already said, attractive relief parts
have been singled out, divided into six mor-
phographic categories and separately evalu-
ated. These are: summits, mogotes,
escarpments, caves, valley bottoms and
slopes. Each category was given an appropri-
ate number of points with clearly indicated
upper and lower limit® thus expressing its
tourist value (Table 1). At the same time, a
negative scoring system for limiting relief
properties, which can reduce or correct a
given number of points (Table 1), was applied,
too. About 20 summits, 9 hums, 8 caves, 27
escarpments (55°), valley bottoms of 5 brooks
and all sloped (5°) in the NP have been evalu-
ated, which, accordind to the total number of
points (initial number of points reduced for a
sum of negative points), have been ranged in
one of 10 quality categories (Table 2).
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IDENTIFICATION OF VALUABLE
AND POTENTIAL VALUABLE RE-
LIEFFORMS

On the results of the performed analysis
and taking into account the given critera, we
have conducted an evaluation of relief in the
NP Paklenica from the aspect of tourism, or
rather, recreation and sports activities. Amap
of relief quality categories (Fig.1) shows the
value of particular evaluated relief forms for
the recreation and sports requirements.
Value of the summits ranges between the 6th
and 1th quality category. According to this
evaluation, the most valuable summits lie in
the nortwestern part of the Park and along the
brook Velika Paklenica, while the summits in
the south and southeastern part (along the
valley of Orljaca) are rather unsuitable for
tourism purposes. There is also a certain dif-
ferentiation among mogotes. Namely, the
mogotes along V. Paklenica are more valu-
able for tourist purpose (6th - 5th quality cate-
gory) than the mogotes in other parts of NP
Paklenica. A special attention has been given
to escarpments representing attractive, even
one of the best free climbing ranges in
Europe. Bearing in mind the factors influenc-
ing the climbers safety (slope mobility and ex-
position to the north-east wind Bura), the
most valuable escarpments happend to be
those along the west shores of the brooks
Velika and Mala Paklenica. Caves are excep-
tionally precious tourist attractions. Accord-
ing to our evaluation’ the most significant is
Manita Pe¢, where nolimiting factor affectsits

7. Excursion map of the NP Paklenica 1989.

8. Scoring principle adopted from A. Bognar, 1990

9. The big problem in evaluation was a shortage of relevant
data for the caves Lucinka, Pozdrovaca and Mokraca.
Maximum number of negative pints was therefore given to
these caves except for accessibility. In future explorations of
these cares should be obtained and their evaluation should
be made, too.
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value, so it belongs to the highest 9th category.
Valley bottoms of 5 brooks!’, depending
wheter there are alluvial plains or not, display
rather different qualities. The most valuable s
in almost allits parts a valley bottom of Velika
paklenica. The least attractive for recrea-
tional purposes are slopes (meaning as a relief
form only, not as a landscape which would
include forests and whole environment) due
to their abrupt falls, except in the region of
Velika Mo¢ila and Jurline where small plana-
tions appear. Slopes are ranged into the low-
est quality categories (3 - 0).

During the evaluation, we have defined
some specific limiting factors that greatly re-
duce the value of single relief parts. By the
identification of those factors (slopes mobil-
ity, exposition to Bura and inaccessibility) a
prerequisite was realized for discrimination of
those parts where certain restrictiv conditions
could be changed and negative influence
could be annulled. Assuming that by elimina-
tion of some limiting factor the value of a par-
ticular relief part could be increased, this part
could be defined as a "potentially valuable". A
potential value of certain relief form depends
upon evaluation aspects (to what purposes the
evaluation is conducted) and on possibility
(and justifiability !) to eliminate certain limit-
ing factors. Therefore, a question is whether
this problem could be avoided or not, in which
way, and what could be achieved by doing this
(namely, it is possible that besides the ex-
pected positive results some negative conse-
quences appear as well).

In the NP Paklenica there are a lot of
parts meeting the majority of physical and es-
thetic conditions for recreation, howevewr,
due to their inaccessibility, they cannot be
consequently evaluated. This applies mostly
to the eastern part of the National Park, within
the area of Mala Paklenica, which, as azone of
wilderness is a strictly preserved area. This in

turn sets the question how justifiable is to
open this part of the Nationa Park to the wider
tourist valorization. One of the compromise
solutions which would primarily meet the pro-
tection criterion and the tourist functions of
the national park, is an organization of the
specially conducted excursions. In thisway, we
could enable the tourists tovisit this part of the
NP, however, at the same time strictly control-
ling their number and movements, achieving
a maximum protection of natural environ-
ment.

CONCLUSION

Geoecological evaluation has been in-
creasingly applied for different purposes (ag-
riculture, forestry, archeology, civil and
millitary engineering etc.), but most fre-
quently for improvement of land use and en-
vironment. Since the already given relief
conditions influence all other physical land-
scape properties (climate, soil, vegetation,
water) the research and relief evaluation rep-
resent an essential prerequisite of any geoe-
cological research. Relief research implies a
detailed geomorphological inventory listing
and analysis. Apart from the geomorphologi-
cal mapping and analysis of geomorphologi-
cal processes, it is necessary to conduct
morphometric relief analysis, thus complet-
ing the indispensable data base. Such data are
fundamental for a selection of evaluation cri-
teria, namely, for defining of limiting factors,
both for tourist exploitation and for any other
formof valorization. Therefore, a detailed
geomorphological analysis is a prerequisite
for the integral acquaintance and a proper
control over our envirinment, or rather, it is
the first and fundamental stage for all geoe-
cological and landscape evaluation (including
hydrological, vegetation, paedologic and
other resarch works).

10. Velika Paklenica with tributaries Brezimenjaca and
Suha Draga, and Mala Paklenica with a tributary Orljaca
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Sazetak
ULOGA GEOMORFOLOSKIH ISTRAZIVANJA U GEOEKOLOGIJI

na primjeru geoekoloskog vrednovanja reljefa NP Paklenica
MAJA SALETTO-JANKOVIC

Primijenjena geoekologija (geoekologija
u sluzbi $to optimalnijeg koriStenja i maksi-
malne zastite krajolika) nezamisliva je bez de-
taljnog kartiranja (inventarizacija prirodne
osnove) i brojnih, usko specijaliziranih is-
trazivanja i analiza. Glavna pretpostavka za
vrednovanja reljefa je provodenje kom-
pleksnih geomorfoloskih istraZivanja Sto je
prikazano na primjeruvrednovanjareljefaNP
Paklenice i to za potrebe rekreacije i Sporta
(3etnja, planinarenje, alpinizam i slobodno
penjanje).

Provedene su morfometrijske analize
(analiza visinskih odnosa, nagiba padinaiver-
tikalne ras¢lanjenostireljefa), te detaljno geo-
morfolosko  Kkartiranje.  Na  temelju
prikupljenih podataka i provedenih analiza,
te precizno odredenih zahtjeva svake od
navedenih tipova rekreacije i Sporta, defini-

Mr. Maja Saletto-Jankovié, asistent
Geografski odsjek PMF

41000 ZAGREB, Hrvatska
Maruliéev trg 19
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rani su kriterijizavrednovanje reljefa NP Pak-
lenica. Vrednovanje reljefa je provedeno u
skladu s tri glavna pokazatelja - (a) fizicka po-
godnostreljefa, (b) njegova estetka vrijednost
i (c) dostuipnost, pri ¢emu su od velike
vaznosti bili podaci o apsolutnoj i relativnoj
visini, 0 nagibu i mobilnosti padina, te o obliku
pojedinog dijela reljefa. Vrednovan je
cjelokupni reljef NP Paklenica, i to u okviru
Sest morfografskih kategorija: vrhovi, kukovi,
strmci, $pilje, dolinska dna i korita, te padine.

Kao glavni ograni¢avajuci faktor za tur-
isticku valorizaciju pojedinih dijelova Parka
javljase nedostupnost, te je, nakraju rada,dan
prijedlog o moguéem rjeSenju tog problemaa.

U radu se isti¢e vaznost i primijenjivost
rezultata ovakvog vrednovanja za potrebe
ocuvanja krajolika, njegove zastite i optimal-
nog koriStenja.
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