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A bstract: Landslides are one of the most damaging and most significant geo-hazards in the Republic of
Macedonia. Due to many reasons landslide data collection in the past have been generally unsystematic. Knowing
that new occurrences are to be expected in future, brief overview on landslide databases in Europe is given and model
for establishing and operation of national GIS landslide database is proposed in the paper. Model for assignment of
governmental body on landslides, along with structure and way of operation of the envisaged database is presented.
Formation of this landslide database is the basic step towards better understanding of the landslide hazard in future.
This database will enable conditions for selection of most endangered regions and selection of appropriate models for
landslide hazard and risk zonation. As a result, land use planning will become more efficient, and vulnerability of
people and goods will be decreased. In this context, some results from recent landslide susceptibility assessment stud-

ies are also presented.
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INTRODUCTION

Landslide databases, or digital landslide in-
ventories, constitute a detailed register of the dis-
tribution and characteristics of past landslides
(Hervas J., 2013). The landslide database gives
information for landslide location, type, dates, state
of activity, failure mechanisms etc. (Fell et al.,
2008). Collecting data on landslides essentially
enables zonation of areas which are prone to land-
slides and creates possibilities for more efficient

land use planning. Experiences from around the
world and especially European countries show that
existence of national landslide database is one of
the most important elements in management of this
type of geohazard. Analyses of landslide databases
& inventory maps are performed by Malamud et
al. (2004); Guzzetti F. et al. (2012); Eeckhaut M.
V. D. and Hervas J. (2012).

LANDSLIDE DATABASES IN EUROPE

In the frames of the EU-FP7 project Safe-
Land: Living with landslide risk in Europe — As-
sessment, effects of global change, and risk man-
agement strategies, a study focused on landslide
databases in Europe by sending a questionnaire to
all EU member states, official candidate and poten-
tial candidate countries was performed. Detailed
results are presented in M. V. D. Eckhaut and J.
Hervéas 2012. This study showed that 22 European
countries have or are preparing national landslide

database, while 6 more (BE, CRO, ES, D, R, SRB)
have stated to have regional databases. Italy has
eight different databases and Spain two. Some
countries register only larger landslides. Number
of landslides in each database is presented on Fig-
ure 1. The total number of landslides in all land-
slide databases from European countries counts
around 633,700 landslides (Hervas J., 2013). It is
suggested that the number of landslides is only half
of the real number, and the statement is supported
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by issues in the collection of data, possibilities for

special mapping as well as irregular archiving of

past events. European Landslide databases are op-

erated by the Geological surveys, Offices for geol-
ogy, River basin authorities, Universities etc.
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Fig. 1. Number of landslides and percentage of completeness of landslide databases for European countries
(Taken from Miet Van Den Eechaut and Javier Hervas 2012), JRC, Report EUR 25666 EN

PROPOSITION FOR ESTABLISHMENT OF LANDSLIDE DATABASE IN R. MACEDONIA

In the frames of the above commented FP7
project, R. Macedonia has stated to own landslide
database with around 150 landslides, but which
was prepared in 1970. These landslides were
mapped during preparation of the Basic Geological
Map in scale of 1:100 000. In years to come, col-
lection of landslide data in Macedonia is generally

neglected. This is a result of unsystematic and in-
terrupted work of numerous institutions due to
problems from different nature. Therefore, in 2012
Pesevski et al. proposed model for formation / as-
signment of governmental body which will create
and operate digital GIS landslide database in the
Republic of Macedonia (Figure 2).
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Fig. 2. Model for creation and operation of National GIS landslide database for R. Macedonia
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The quality of data which will be entered in
the database is of essential importance for future
landslide hazard and risk assessment. Incomplete
and false data will lead to preparation of maps
which will give wrong picture for the landslide
hazard and risk distribution. On the other hand,
high quality data will enable preparation of precise
models of hazard and risk, which is a foundation
for taking of right decisions in regards to land-use
planning and infrastructure development of the
country. Therefore, with the model such type of
structure was proposed where special teams will
work on different aspects related to landslides, in-
cluding teams for gathering of technical documen-
tation, field mapping and exploring, preparation

and support of database, preparation of thematic
landslide maps. Final goal of all activities of this
body (institution) will be proposing of appropriate
methods for construction/foundation depending on
the landslide hazard/susceptibility of given re-
gion/areas, proposition of protection and remedia-
tion measures in endangered areas, or even disen-
able construction in such areas, of course in coop-
eration with Ministry of Environment and Urban
Planning. All these aspects are towards better de-
velopment of the infrastructure, on regional and/or
local level. In order to present better the idea, the
envisaged operation of the GIS landslide database
of R. Macedonia is briefly explained in the follow-
ing section.

OPERATION OF THE GIS BASED LANSLIDE DATABASE

In order to select most appropriate and as
practical as possible operation of the landslide da-
tabase, research and analysis of existing European
databases was performed. General conclusion is
that some models differ in many parameters, while
others are very compatible between each other.
However, the structure of the database is depend-
ent on many different factors, and above all, avail-
ability of founding resources, which in turn is a
result of the degree of development of the country.

Having this in mind, regarding actual condi-
tions in R. Macedonia, and with the basic princi-
ples for creation of possibilities for simplified
communication and usage of information from the
landslide database (between the institutions and
sharing with the public), it is proposed to structure
the database in several levels of users which will
have different authorizations for entering, process-
ing, suggestion, and modification of data on land-
slides. The following levels for operation of the
landslide database are proposed (Figure 3):

Level 1 — Administrator (governmental body
for landslides).

Level 2 — Governmental institutions.

Level 3 — Companies from the field of geo-
technics and geology.

Level 4 — Subjects and institutions which per-
form field activities.

Level 5 — Other subjects and the population.

Interactivity between different levels of user
of the database is shown on Figure 3. All activities,
connections, obligations and benefits between dif-

ferent levels of users are explained further in the
following part of the paper.
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Fig. 3. Interaction between different levels of users
of the proposed landslide database for R. Macedonia

Level 1 — Represents the highest level of user
(governmental body on landslides) which has
complete access to the landslide database with the
following possibilities and obligations:

— Establish, change or supplement of the
structure of the database.

— Enable access to users from lower levels.

— Prepare strategy for systematic mapping,
exploring and analysis of landslides.
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— Give tasks to the 3" level of users for per-
forming of detailed geotechnical and geological
investigations.

— Collect, control, process and enter of data
declared from lower level of users.

— Preparation of landslide inventory, suscep-
tibility, hazard and risk maps.

— Recommendations for undertaking of reme-
diation measures and minimizing of the effects for
landslides.

— Recommendations to the Ministry of Envi-
ronment and Urban Planning, Ministry of Trans-
port and Communications, etc.

— Issuing of annual reports for suffered dam-
age and undertaken remediation measures and their
costs to the appropriate institutions (Ministry of
Finance).

— Cooperation with similar institutions from
other countries, exchange of experiences with goal
improvement of the structure and functioning of
the landslide database.

— Organizing workshops, symposiums and
other events with presentation of results from in-
vestigation, mapping modeling etc.

Level 2 — Governmental institutions, Ministry
of Environment and Urban Planning, Agency for
Spatial Planning, Ministry of Agriculture, Forestry
and Water Economy, Agency for Real Estate Ca-
dastre, Public Enterprise for State Roads, Crisis
Management Center, Territorial Firefighting Units,
Ministry of Internal Affairs etc., with the following
possibilities and obligations:

— Using of benefits from landslide database
and maps.

— Notification for landslides and condition of
endangered infrastructure (settlements, roads, rail-
ways, bridges, dams) to the Administrator level
(Level 1).

— Analysis of results from annual reports is-
sued by Level 1, adjusting and adopting strategies
for management of landslides.

— Brief the eventual danger to the population
and undertake measurements predicted with reme-
diation programs.

— Informing of the population for lowering of
vulnerability of their property and goods.

— Monitoring of active and remediated land-
slides.

— Issuing alerts/alarms, prohibitions and re-
strictions in case of foreseeable danger.

Level 3 — Companies from the field of geo-
technics and geology:

— Notification for landslides to the Adminis-
trator level (Level 1).

— Performing of geological and geotechnical
investigations according adopted strategies from
higher levels.

— Preparation of technical documentation
(subject of revision) and entering data in the data-
base.

— Monitoring of active and remediated land-
slides.

— Suggestions to the higher levels from dif-
ferent aspects.

Level 4 — Subjects performing field activities
(companies from civil engineering, road construc-
tion, water supply and sewage systems, electro-
distribution and telecommunications, etc.).

— Notification of landslides to all higher lev-
els, to Level 1 as priority, including rock falls on
roads, instabilities on agricultural surfaces, defor-
mations of housing units, damages of water supply
systems, telecommunication cables, deformed
sewage pipes and others as result of landslide.

— Notification of landslides during civil engi-
neering activities.

— Following issued recommendations and re-
strictions for construction.

— Respecting issued orders for prohibition of
construction in areas defined as with high landslide
hazard.

— Communicating landslide information with
companies in the same field of work.

Level 5 — Other subjects and the population:

— Notification of landslides to Levels 1 (as
priority), 3 and 4, including rock falls on roads,
instabilities on agricultural surfaces, deformations
of houses etc.

— Following recommendations and restric-
tions issued by higher levels.

— Following recommendations for lowering of
vulnerability of property and goods.

— Respecting issued orders for prohibition of
construction in areas defined as with high landslide
hazard.

— Respecting issues, alerts/alarms and orders
in time of foreseeable danger.
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PROPOSITION FOR ADMINISTRATOR OF THE LANDSLIDE DATABASE (LEVEL 1)

Following the example of other European
countries, as a possible administrator (governmen-
tal body on landslides) the Geological Survey of
R. Macedonia is suggested. The GIS database
which will be prepared and managed by this insti-
tution will enable easy access to landslide data
from all users, and depending on the authorization
that they have (Levels 2, 3, 4, 5). All landslide data
will be entered in a special module of the existing
Geological GIS Database. This module will be
named Landslide database of Macedonia. All rele-

vant data which are transmitted from the lower
levels will be checked and entered in the database.
Also Levels 2 and 3 will have possibility to enter
some data directly into the database, without noti-
fication to Level 1.

Other possible administrators can be chosen
among the Agency for Spatial Planning, Crisis
Management Center, Ministry of Environment and
Urban Planning, or other. Also the landslide data-
base can be integral part of some other GIS based
geohazard portal.

CADASTRE SHEET FOR LANDSLIDES

All registered landslides, regardless of the
level of user that enters the data in the database
administrator, are essential to be defined with a
number of basic and detailed attributive informa-
tion and parameters according appropriate land-
slide classification. In European countries’ GIS
landslide databases, level of details for landslide
occurrences differs in many aspects. Some coun-
tries have prepared landslide cadastre sheet for
each of the occurrences. Based on performed com-
parisons between them, the data format presented
on the cadastre sheet of the Italian landslide data-
base IFFI is considered as the best structured
model for data recording in the GIS database. Hav-
ing this in mind, based on the form of the IFFI
landslide datasheet, a somewhat modified version
is proposed for the needs of the Macedonian GIS
based landslide database. Data of the landslide ca-
dastre datasheet is divided in five sections (appen-
dix) (Guerrieri, L. et al. 2007):

Section 1: Basic information, Location, Date
of last activity, Geometry of landslide, Geological
setting, Land wuse, Exposition, Hydrogeology,
Springs and their capacity, Movement rate.

Section 2: Classification according landslide
mechanism (Varnes and Cruden 1996), Triggering
Factors, Landslide Precursors.

Section 3: Damage to Structures and Natural
Terrain, Performed Studies and Investigations,
Undertaken Remediation Measures.

Section 4: Graphical Presentation of the land-
slide (geological/geotechnical maps and profiles),
with geotechnical parameters of rock masses.

Section 5: Data for vulnerability of people
and goods, calculations of damage and expenses
for investigations and remediation works, photo-
documentation, etc.

Depending on the expertise, the subject that
notifies for registered landslide (from levels 2, 3, 4
and 5) enters via internet all known data for the
landslide. When Level 1 see this change, it issues a
decree to Level 3, after which expert team goes in
the field and collects all available data on the oc-
currence. All data is then reentered in the database.
The team can also suggest further investigations
or/and monitoring of the occurrence.

LANDSLIDE CLASSIFICATION

Different scientists have treated the classifica-
tion of landslides, and there are over 200 different
landslide classifications at present. As most impor-
tant, publications of Savarenski, F. P., (1935);
Harpe C. F. S. (1938); Terzaghi K. (1950); Varnes
D. J. (1978); Cotecchia (1978); Jani¢c M. (1979);
Zolotarev G. S. (1983); Hansen, M. J. (1984); Hut-
chinson (1988); IAEG (1990); Cruden D. M.

Geologica Macedonica, 29 (1), 75-86 (2015)

(1991); Flageollet J. C. (1994); Cruden D. M. u
Varnes D. J. (1996); Dikau R. et al. (1996); Soeters
R. and Van Westen C. J. (1996); Hungr O. (2001);
WP/WLI (1993a,b) and (1995); Augusto F. (2004)
are mentioned. In this context the most widely ac-
cepted classification by Cruden and Varnes from
1996 is suggested to be used (Figure 4).
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MAIN BENEFITS FROM LANDSLIDE DATABASE

Landslide databases enable easy analysis and
view of all of landslide properties in some region.
Later, this information can be used in preparation
of methodologies for landslide susceptibility and
hazard zonation. In this context, in period 2011-
2014, an attempt is made to collect all written ex-
isting information on landslides in R. Macedonia
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when data such as location, geological settings,
failure mechanism, depth of landslide, geomorpho-
logical conditions, hydrogeological conditions,
seismotectonical conditions etc. for over 250 land-
slides was collected. All data is entered in a GIS
system and the resulting GIS Inventory map of the
country was prepared (Figure 5).
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Fig. 5. Landslide inventory map of the Republic of Macedonia, Pesevski 2014

If we take a close look on the inventory map,
it gives a first clue of where future landslides are to
be expected for the given territory. From here, re-
gions of interest (so called landslide prone areas)
can be selected for further landslide susceptibility
or landslide hazard analysis. This is the main goal
and benefit which can be drawn from the existance
of landslide database — inventory map.

For example, by application of world ac-
cepted mapping techniques, a landslide inventory
map for a selected region (Polog—Reka) in R. Ma-
cedonia was prepared. The mapping techniques in-
cluded using of GIS system and remote sensing
technics for landslide identification. Orthophoto
images (black & white and coloured), topographic
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maps, geological maps, topographic DEM in scale
1:25 000, the GIS portal of the Agency for Real
Estate Cadastre, etc., were used as sources for
landslide detection. There total of 1172 landslides
were mapped. Resulting inventory map is pre-
sented on Figure 6.

Then, by using of a so called arbitrary — poly-
nomial method (PeSevski 2015) which takes into
account several landslide casual factors: lihological
type, slope inclination, precipitation, seismic inten-
sity and land use and their appropriate gradation,
landslide susceptibility map of the same region
was prepared. Interested readers can find more de-
tails for this methodology in Pesevski 2015.
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With the applied approach and by means of
matematical calculations performed by help of the
GIS system, the Polog—Reka region is divided in 5
zones of landslide susceptibility: very low, low,
medium, high and very high. Knowing the possi-
bilities of the GIS programs, statistical analysis of
different character can be performed.

With overlap of the landslide susceptibility
map and the prepared inventory map, conclusions
can be made for the number of past landslides in
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Fig. 6. Landslide inventory map of Polog—Reka region

Table 1

each susceptibility zone. Obtained results are given
in Figure 7 and Table 1.

It is obvious that even from the most basic
landslide database prepared by using of remote
sensing for landslide identification, relatively good
conclusions can be made when selecting of land-
slide casual factors. This is important for predic-
tion of future landslide development in region and
helps in decision making for application of best
suitable methods for landslide susceptibility and
hazard assessment.
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Fig. 7. Landslide susceptibility map of Polog—Reka region

Landslide susceptibility classes for Polog— Reka region obtained using arbitrary — polynomial method

Landslide susceptibility Area (km?) Area (%) Landslides Landslides (%)
1 — Very low 101.06 4,17 2 0,17

2 —Low 508.87 21,02 24 2,05

3 — Medium 733.49 30,3 244 20,82

4 — High 538.42 22,24 323 27,56

5 — Very high 539.05 22,27 579 49,4
Total: 2420.9 100 1172 100
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CONCLUSIONS

Striving towards better management of geo-
hazards, the establishing of GIS landslide database
in R. Macedonia is one of the essential steps which
should be undertaken in near future. The proposed
database will enable preparation of maps for land-
slide susceptibility, hazard and risk which will help
institutions to better cope with this type of geohaz-
ard. Conditions for faster reaction and alert issuing
to population will be more realistic, with on-time
undertaking of remediation measures or prevention
of landslide, real-time monitoring of landslides,

and precise assessment of the damage on the infra-
structure and consequences to the people and their
goods. The GIS database will enable updating,
elaboration, searching and interactive connection
of all landslide data in cartographic, tabular, alpha-
numerical and photographical form, and it will en-
able refreshing of data as a result of formerly col-
lected information. The database is envisaged as
dynamic, easy to use and available via internet for
all governmental institutions and the wide public.

APPENDIX:
LANDSLIDE CADASTRE DATASHEET FOR THE PROPOSED GIS LANDSLIDE DATABASE
IN THE REPUBLIC OF MACEDONIA

LANDSLIDE DATABASE OF THE REPUBLIC OF MACEDONIA
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In the locality there are fve indnadual houses with small addtional rmoms for storing goods (garages). Struchures are
funded in the dilwia material in which the terrain with more favorable geotechnical properties. Structures are funded on
concrete slabs and beams with average height of 50-60cm and percentage of reinforcement of 1-2%. Houses are two
stories high, and two of the houses have also basement. An average square of each house is around 300m. Additioral
rooms (garages and shid for storing woods) take i total 100

Around 2000 m are covered with vine tries and around 400 m' are covered with fodder

In the area of the fandshide, there is a main pipeline for water supply of papulation of 2000 citizens in near settiement

Four poles for the electncal distributive network are funded i the zone of landslide This Ime suppies the
aforementioned 2000 cizens with electricity. There are two streels with total length of 140m and average width of 3.5m.

In the individual houses, there are 3 persons occupying the hours 14 hours a day. And adddional there are other §
persons which are in the houses around 2 hours a day. People are present at the houses in the period between 17.00
and 07.00h.

Inthe: period of registration of the landslide until 10.1.2012 on three of the structures longitudinal cracks are noted on the
masonry walls and smail def of the i beams. Signiicant def is noted on one support wal
which s long 30m, nd rotates in the base. Other damage on the structures isnt noted. In one of the vineyands there is 2
big fracture which is now closed (filed with local clayey matenal). After performing of the geofechnical iy a
design for remediation is prepared. Designed measuremen's are realized. A drainage “roundabout’ channel is
performed, 2 drainage channel in the form of “fish bone” in the lower part of the landslide, and support of the toe with
embankment of coarse grained material. Detailed information for performed remediation works, quantities, layout elc
can be found in the appropriate design

Cost of unds ical investi until 10.1.2012 is 500 000 MKD denars.

Cost of undertaken remedial measures untl 10.1.2012 is 10 000 000 MKD denars
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Kayunn 36oposu: GIS 6aHka Ha IOAATOIH; CBICYHIITA; MOJICNT; CTPYKTYpa; yIIPaByBambe

CaireuninTara ce eJeH oJ] Haj3Ha4ajHUTe reoxa3apI BO
PenyOnuka Maxkenonuja. Ox moroneM Opoj NPHYMHM, HPH-
Oupamero Ha MOJATOLM 33 CBJICYMINTA BO MHHATOTO TI'EHE-
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pajiHO CC OABUBAJIO HECUCTEMATCKU. 3HaejI’(I/I ro (1)aKTOT JCKa

BO WIHHUHaA Ke ce nojaByBaaT HOBHU CBJI€HULITa, BO TPYyHOT €

NPCJIONKEH MOJECI 3a BOCIIOCTABYBAKE U YIIpaByBamkbe Ha Ha-
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muonanHa ['MIC-6anka Ha mopmaronmu 3a cmieunmra. [Ipuka-
JKaH € MOJIEN 32 BOCIIOCTaBYBarbe/3a0JDKYBabe Ha JP)KaBeH
OpraH 3a CBJIEYMIITA, KAKO M CTPYKTypaTa M HAuYMHOT Ha
(yHKIMOHHMpamke Ha HpeuloKeHaTta 0aHKa Ha MMOJATONH. 3a
criopenda e aJeH KpaToK OCBPT Ha OaHKMTE Ha MOAATOLM 3a
cieunmTa Bo 3eMjure ox EBpoma. ITocroemero Ha Harmo-
HajHa 0aHKa Ha TMOJATOLM € OCHOBEH YEKOp KOH CO3/[aBambe
YCIIOBH 32 T000pO pa3bHupame Ha OMACHOCTA O] CBICTyBAbE.
Co Oankara Ha ['MIC-niofaronu ke ce co3uanar yclIoBH 3a O-

penyBame Ha Haj3arpo3eHUTE MOAPadja U CEJICKIMja Ha Hajco-
OJIBETHH MOJENIM 32 30HHMpame Ha OIAcHOCTa U PH3UKOT OJf
IM3rambe Ha 3emjujmrero. Kako pesynrar, HpOCTOPHOTO Iia-
HHUpPambe CO TEKOT Ha BpPeMeTo ke Ouze c¢ noeukacHo, a Ho-
BPEIMBOCTA Ha JyfeTo U no0paTta ke Ouzmar HamasieHu. Bo
OBOj KOHTEKCT C€ IPHKaKaHH M HEKOU PE3YNTATH O]l CKOPO
CIPOBE/ICHU CTY/MH IOBP3aHM CO IPOLICHA Ha IOUIOKHOCTA
Ha TEPCHOT Ha CBIICUYBAmbE.
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