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Abstract. The paper presents the impact of irregular rainfall by them may be largely variable in the geomorphic evolution
events triggering landslides in the regional context of land-of regions where conditions are favourable. Rock quality,
slides in Hungary. The author’s experience, gathered fronstratification, slopes with high variability locally (e.g. as a
decades of observations, confirms that landslide processegsult of lateral river erosion) lead to various landslide types,
are strongly correlate with precipitation events in all three and the changing weather conditions affect them in different
landscape types (hill regions of unconsolidated sedimentsyays.

high bluffs along river banks and lake shores; mountains of The paper investigates some aspects of the relationship be-
Tertiary stratovolcanoes). Case studies for each landscap®veen landslides and weather in the regional context of land-
type underline that new landslides are triggered and old oneslides in Hungary (Szah 1992, 1993, 1996a). In addition,
are reactivated by extreme winter precipitation events. Thighe author introduces some case studies, particularly from the
assertion is valid mainly for shallow and translational slides.northeastern part of the country.

Wet autumns favour landsliding, while the triggering influ-
ence of intense summer rainfalls is of a subordinate nature,
Arecentincreasing problem lies in the fact that on previously2
unstable slopes, stabilised during longer dry intervals, an m-The author has been investigating landslides and the fea-

tensive cultivation starts, thus increasing the damage causet(EJ res produced by them for more than thirty vears. Research
by movements during relatively infrequent wet winters. P y Yy '

has been focused primarily on the northeastern part of Hun-

gary, where projects of detailed geomorphological mapping

have been carried out for several hill regions. Field experi-

1 Introduction ence covers all regions of Hungary affected by landsliding.
Following a range of partial reports, in 1996, a comprehen-

One of the most frequent causes of landsliding is the desive evaluation was prepared on the contribution of lands-

creased stability of slope material, related particularly in theliding to the geomorphic evolution of Hungarian landscapes

case of unconsolidated sediments to a sudden change in wgSzalb, 1996a). This paper exploits previous experience sup-

ter content. In general, the moisture content of slopes deplemented with additional data on rainfall and analyses of

pends mainly on climate, and in particular on weather condi-the conditions of some new or reactivated landslides (e.g. at

tions. The latter explains primarily why landsliding is dis- Holléhaza), in order to point out typical features in the pre-

continuous in time and space, even where conditions areipitation/landslide relationship.

favourable. The discontinuity in time may be related to cli-

matic change on a large scale (e.g. an arid climate become&1 Regional distribution of landslides in Hungary

more humid), to the seasonal humidity of the climate in the

medium term (e.g. movements are more common in wet sea- ] ]

sons) and to climatic extreme events in the short term (e.gMore than two-thirds of the area of Hungary, occupying the

unexpectedly abundant precipitation). However, this regularc€ntral part of the Carpathian Basin, is lowlands, but land-

ity, which may be regarded as general, is manifested in dif-Slides occur in 107 (47%) of the 230 physical microregions

ferent forms in various physical landscape types. As a conconventionally identified (Sz&h 1996b). This is explained

sequence, the contribution of slides and the features created the fact that the landscape pattern of areas of higher re-
lief and dissection is finer (usually smaller microregions are

Correspondence tal. Szab (wagner@tigris.klte.hu) delimited) and unconsolidated sediments predominate.

Methods
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Table 1. Regional distribution of landslides in Hungary. Nomenclature after Hansen (1984), Simonett (1968), Hutchinson (1968)

Characteristic Typical Morphological Typical
Landscape types material position position of forms
of slip plane of slip plane slide
- surface of - tectonic
Pannonian layers deep seated margin of landscapes Earth
Transdanubia (near base level) block slides
- loam zones - valley
Hill in loess slopes
regions - various Earth
Pannonian layers block slides,
Northern shallow -valley often
Hungary (above base level) slopes mudslides,
- surface of slabslides
Pannonian layers
- near base level
Danube asin planar
Bluffs Transdanubia - on base level margin block glides
of
Herrad various - above base level bluffs Earth
Pannonian block slides
layers - on base level
- edge of
- loose base of volcanoes rock slides,
volcanic rocks block glides
Volcanic deep seated - steep margin
mountains (near base level) of calderas rarely
- weathered rock slumps
tuffs -slopes of deep

inner valleys

There are three landscape types in Hungary where past
or present geomorphic evolution has been significantly in-
fluenced by landsliding, and landslides are major features in
the landscape. This primarily refers to landslides of a natu-

ter does not infiltrate through the thick loess layer), but
indirectly through groundwater flow.

Hilly regions in the North Hungarian MountainslThe

ral origin, but with the expansion of intensive land use types;
man-induced landslides have also been reported as a consid-
erable hazard.

The distribution of areas with a high landslide density
(more than 1 landslide per 1 Knor with a high landslide

hazard is shown in Fig. 1, whereas Table 1 provides a com-
prehensive description of landslide-affected landscape types.

— A Hills built up of Tertiary (mainly Neogene) sediments

Hills in southern Transdanubia. The low stability
slopes are typically built up of Upper Miocene (Pan-

nonian) marine-lacustrine loams and sands with a thick
(20—-40 m) loess mantle. Since the stability of loess is
relatively higher than the Pannonian sediments, sliding
is concentrated mainly on slopes of deeply incised val-
leys, exposing Pannonian deposits under loess. Such
landslides are usually deep-seated and their slip planes
are located under the loess in the Pannonian sediments.
As a consequence, the large moisture content causing

landslides is not directly related to precipitation (the wa-

majority of the natural landslides occur in the area of
Pannonian sediments. These deposits present the low-
est stability in Hungary. They are not usually covered
by loess but by a Plio-Pleistocene veneer of equally low
stability. Consequently, shallow slip planes are formed
mostly below the base level. The surface extension of
landslides is usually remarkable but their thickness is
small. The D/L ratio of Skempton (Crozier, 1973) is
only a few percent. Therefore, landslides are more di-
rectly linked to precipitation. (In hill regions made up
of older — Oligocene and Lower-Middle Miocene — sed-
iments, landslides of natural origin are less common.)

— B Landslides along bluffs

Landsliding is a common phenomenon along the River
Danube (south of Budapest) and along the high bluffs
around Lake Balaton, as described in the literature
(Pécsi et al., 1993; &czy et al., 1989; écsi, 1994;
Jukasz and Schweitzer, 1989; Adz, 1999). The land-
slides along the southern shore of Ferto Lake, the right
bank of Raba River and the movements of the bluffs of
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Kilgo-—"
Somogy

Fig. 1. Regions affected by high landslide density in Hungary. 1 = hill regions with landslides, 2 = buff zones with landslides, and 3 =
mountains of volcanic origin with landslides.

Herrad River are less studied — although the latter is thetuff layers form sliding surfaces. Landslide hazard is es-
most active landslide zone in Hungary. A common char- pecially high if these impermeable or weak weathered tuff
acteristic of mass movements of the regions, geographaquifers are wedged in between agglomerate masses of high
ically distant from each other, is that in the majority of water permeability. The landslides in mountains areas are
the cases, the bluffs are built up of Pannonian depositsisually deep-seated (sometimes 100 m deep).
(Table 1). The cover deposits of Pannonian sediments
are variable for type and thickness. This variability sig- 2.2 Climatic and meteorological aspects of landslides
nificantly influences the nature and location of the slip
planes and the features of landslides. In the three landscape types described above, the precondi-
tions for landslides are rather different and this variation is
also reflected by the mechanisms, activity and morphology
The landslide features of Hungarian mountains of vol- of |andslides.
canic origin present a different lithological environ- \yhere eroded fossil features are widespread but active
ment. The volcanoes were active in the middle and lateg|ijes are missing, major climatic changes must have caused
Miocene. Their lava and pyroclastic products (with a |angsliding to stop. Generally, this is the case in mountains
strato-volcano structure) accumulated on Neogene sedss yolcanic origin (e.g. in the Mtra and Visegrd Moun-
iments. The landslides of the volcanic mountains deve"tains). In the moors of hollows impounded by landslides,
oped in three distinct geomorphological situations: chronological data (Szaband Felegytazi, 1997) have been

a) along the edge of volcanoes, where unconsoli-obtained to demonstrate that these movements in the moun-
dated bedrock is exposed on the surface and these sethins were at a rest during most of the Holocene. Their
iments of low stability form the slip plane for the slid- formation may be most probably dated to the beginning of
ing volcanic rock masses. Such a stratification occursthe Holocene, or the warming climatic periods of the Late
frequently and typical sliding zones have been reportedGlacial and Preboreal phases. The relative intact forms

— C Landslides in mountains of volcanic origin.

along the mountain margins; are due to large size and the hard volcanic rocks. There
b) within the mountains, on the steep margins of aré no similar old features in the hill regions or along the
former calderas: high bluffs, since unconsolidated deposits do not favour their

preservation. Thus, deep seated, large-scale rockslides do not
constitute a real hazard under the present climatic conditions.
‘In several volcanic mountains in Hungary, their zonally ar-
ranged remnants attest to a climatic phase when periglacial

Sometimes slip planes of landslides also appear within theonditions ceased to exist and humid environments suitable
strato-volcanic structure. Particularly heavily decomposedfor large-scale landslides prevailed.

c¢) on the slopes of deep valleys dividing the moun-
tains, where a valley incision reached the rocks under
lying the volcanic products.
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Table 2. Annual and winter mean precipitation (mm) in Csexteand in various hill regions of Transdanubia (based on data of representative
stations: 1901-1975)

Landscape Cserah Outer Somogy Zselic Hills Zala Hills
(Station) (Abod — 228 m (Tab—-177m @B2&nfa—172m (Zal&vd —191m
above sea level) a.s.l.) a.s.l.) a.s.l)
Year 595 667 713 800
Winter (XII-I1) 96 124 135 133

The present-day climate does not allow for the occurrencalensity is the low stability of Pannonian sediments. Intense
of landslides of large dimension to seem probable, but therenass movements occurred during the Pleistocene and broad-
are still recent — or even active — landslides in the volcanicened the valleys. Among them, landsliding played the main
mountains. They are most often found in valleys and valleyrole.
basins, where decomposed tuffs and other unconsolidated —
often marine — sediments are abundant near the surface. TH&1.2 Landsliding and precipitation
main triggering factor is usually human activity (e.g. road
cuts, construction of buildings) that modifies the shape, theSimilar processes also operate under the present climate, al-
loading of the slopes and the moisture conditions (changthough the hill region has a low precipitation, especially
ing the surface water budget, lack of public utilities, etc.). compared to the Trans-danubian Hills of humid climate.
They usually occur irregularly after longer periods of tran- Winter precipitation, an important factor in triggering land-
quillity which highly increases their hazards. The periods slides, is particularly low (Table 2). Given these conditions,
of tranquillity decreases the focused attention of the popu-t is expected that landslide activity increases mainly after
lation and construction work takes place on the potentiallywet winters with abundant snowfall.
unstable slopes during decade-long breaks between landslid- In the spring of 1977, the largest number of new or re-
ing events. activated landslides was recorded during the thirty years of

This is even more typical for landslides in hill regions and observation (Fig. 2). The winter of 1976/1977 was espe-
along bluffs. The reactivation of landslides may be relatedcially wet. At one of the measurement stations included in
to the irregular precipitation distribution under continental Table 2 (Abod), total precipitation of the winter months was
climate, to years of wet weather and even more characteris247 mm, 257% of the 75-year average. Similar ratios were
tically to heavy rainfall in extreme weather situations. Par- obtained for other stations in the Cseaietegion: Gagyator,
ticularly for shallow landslides, exceptionally high precipita- 266%; Sziksd, 262%. Higher winter precipitation in Hun-
tion and the reactivation of landslides are strongly correlatedgary was measured only once: in the winter of 1914/1915 (in
Relatively precise correlation can be revealed since the beSziks® the precipitation was 348% and in Gagytr it was
ginning of regular precipitation measurements (in Hungary287% of the average of 75 years). In the case of the reacti-
mostly until the early 20th century). More correlation can be vated landslides — with a single exception — slip planes were
verified up to a few decades, which is within the range of ex-near the surface (at 3m depth). Consequently, soils and
isting human memory about landslides. During the author'snear-surface sediments became saturated by the end of the
own landslide investigations of the past three decades, diresvinter, creating ideal conditions for shallow (“carpet-like”)
evidence was gathered to confirm the above relationships. landslides. Fortunately, the renewed landslides did not af-

fect settlements, and their damage was restricted to agricul-
tural land. In the author’s opinion, intensive summer pre-

3 Case studies cipitation usually induces considerable soil erosion on the
Cserelat Hills, almost exclusively used for agricultural pur-
3.1 Hill regions (Csereft) poses. The landslide-generating impact of summer rains,
however, is minimal. The landslides are usually related to
3.1.1 Lithology and relief winter precipitation.

In the northernmost hill region of the country, the Cséteh 3.2 High bluffs along the Heéd River

(Fig. 2), between Bdva and Herad Rivers, valleys are

cut into Pannonian lacustrine-marine loams and sands sed8.2.1 Rocks and topography

ments except for the western margins, entirely dissecting the

Pliocene pediment (glacis) surface. Today, its remnants arélong the southern section of the Hédhvalley, the zone of
only detectable in narrow interfluvial ridges, although this is 70—80 m high bluffs is almost 30 km long and 500-1000 m
still the landscape with the lowest valley density among allwide (Figs. 1 and 4). Landslides are major features in this
Hungarian hill regions. The primary reason for low valley zone. In the bluff, almost exclusively Pannonian deposits, al-
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Fig. 2. Geomorphologic map of the CsegfHills. 1 = glacis remnants with gravels (*300m .a.s.l.) — Upper Pliocene, 2 = broad interfluvial
ridges (280-300m a.s.l.), 3 = river terrace and valley-glacis (Pleistocene), 4 = narrow interfluvial ridges, 5 = derasional (dry) valley, 6 =
fluvial valley, 7 = slopes, 8 = active landslides (black crosses show new and reactivated landslides in spring 1977), 9 = temporarily dormant
and stabilised landslides. White areas indicate valley floors.

ternating beds of sands and clays-silts, are exposed and onlyver water flows between beds decreases their stability. At
mantled by & 5m thick) loess. Although the bluff suscep- the same time, the water also functions as a support. The
tible to landsliding is formed and maintained by lateral ero- supporting effect, however, ceases during the period of the
sion, the majority of the landslides here are not directly con-rapidly dropping water levels.

trolled by the water level of the river. o S
3.2.2 Landsliding and precipitation

In contrast, researchers (Hath and Scheuer, 1976) have
pointed out that along the Danube, most of the landslides tak&he slip planes of the landslides along the HetiRiver may
place during the steep falling limbs of flood hydrographs. It be more deeply seated than in the Csatgba. 5-10m or
is explained by the locations of slip planes (bedding planessven more). They are considerably higher than the highest
of Pannonian deposits) which are around the average watexater level of the river. The water supply inducing land-
level of the Danube at many places. At a high water level,slides results primarily from the confined groundwater flow-
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ing from the inner areas. In some cases, the water infiltrates mm
at the top of the bluffs already affected by sliding.

The author’s research showed that the irregular recurrence  year
of landslides may be explained fundamentally by the fluc-
tuation in precipitation. Winter precipitation is of particular
significance. This conclusion is drawn from the results of the
questionnaire survey performed in 6 settlements of the ripar-
ian zone (land owners were asked about the dates of move-
ments affecting their properties) and from the data of the
State Insurance Company. These data sets have been com-
pared with the precipitation time series for 75 years (Fig. 3).

Attention should be directed to the processes in the mid-
seventies. Although no direct observations could be made,
local data indicate that disastrous landslides occurred dur-
ing the springs of 1975 and 1977. Data received from the
State Insurance Company show that large sums of compen-
sation (approximately USD 25000 at contemporary price)
were paid in 3 villages in the high bluff zone (Fétkobsza,
Herradkércs, Szentistinbaksa). In Heiddlkércs, 13 houses
of the part of the settlement built on the bluff were evacuated.
This part of the settlement was finally abandoned by the in-
habitants. It is worth mentioning that in the poor villages
of the Herrad valley, property insurance is still an exception.
Consequently, the rate of damage could be an order of magni-
tude higher than indicated — not to mention the damage made
to the gardens along the bluffs.

The winter of 1974/1975 was not really wet but the Octo-
ber of 1974 was the wettest October in the 20th century (at
Gibart 172 mm fell — 4.1 times more than during the 1901—
1970 period) and led to landsliding in the next spring. The
winter of 1976/1977, similar to the CsegtHills, was also
exceptionally humid in the He&d Valley (Table 3).

A band chart was prepared for the 20 km long segment
of the Herrad Bluff (Fig. 4). This indicates grades for the
general activity of each slope section, with special emphasis
on those areas where there were landslides resumed or new
movements occurred in 1975-1977.

0 100 200 300 400 S00 600 700 800 900

3.3 Mountains of volcanic origin (Hdhaza — 1999)
3.3.1 Rocks and topography

Hollbhaza, the northernmost settlement in Hungary (Fig. 1),
is situated in a valley crossing a strongly eroded Miocene
volcanic caldera at 280-520 m above sea level. Here, “rhy-
olite tuff and loamy marine sediments of various thickness
are superimposed on the underlying andesite” (Zelenka and
Trauer, 1999). Their layers dip towards the valley, conduct-
ing water in that direction. Another important feature is that
bentonitic rhyolite tuff, as well as clays, show an extremely gy 3. Relationship between precipitation and landslide phases in
high montmorillonite content (40-50%). The upper part of the Herrad Valley. Thick line = winter precipitation, thin line =
the alternating tuff and clay beds of high swelling capacity annual precipitation. Dotted stripe = indistinctly defined landslide
lean mainly against the steep slopes of the mountains builphase, broken line = distinctly defined landslide phase, dark stripe
up of lava rock. Most of the water discharge comes along & interval with intensive landsliding.
plane dissecting the surface.

There had been landslides on the slopes over the village
even before. Their temporarily stabilised forms may be seen

N Q;q b\ Q)\ Q)\ Q)\ Q)\' ~ Q)\‘ N N oY Q)\ N N N N N N\ N N N N ~ N N N 3y N N N N N N N
P E S F g F R PP F T F W g S E S
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Table 3. Precipitation during the winter 1976/1977 and mean winter precipitation 1901-1975 in mma¢Héitey)

Station Winter 1976/1977 Total1  Winter 1901/1975  Total 2 Ratio
Dec. Jan. Feb. Dec. Jan. Feb. Total 1/ Total 2
Gibart 58 70 60 188 35 23 24 82 2.29
Hidasremeti 85 81 71 237 39 28 29 96 2.47
Vilmany 79 73 69 221 46 28 28 102 2.17
Sziksd 97 78 62 237 38 26 26 90 2.63
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Fig. 4. Activity grades of slope evolution through sliding on the left bank of the Hedmetween Pere and Gesztely (0—22 km) The toe of the

bank is on the left side of the band chart. 1 = slopes without landslide features (grade 0); 2 = bank section with heavily degraded features
(grade 1); 3 = slope segments with recent slide forms, now at rest (grade 1l); 4 = recently unstable slope with active segments (grade Ill); 5
= slope segment dominated by active slides (grade 1V); 6 = river undercutting of bluff (black dots show the new and renewed landslides in

spring 1977.).
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Fig. 5. Geomorphological map of the midwestern part of the village dtélka with landslide features 1 = free face of landslides, 2 = margins

of landslide steps, 3 = closed depressions of landslides (depth in metres), 4 = unstable surfaces (active movements between 1999-2000), 5
main slope directions, 6 = erosional valleys, 7 = artificial walls, scarps, 8 = buildings (empty quadrilateral = demolished building) ground-
plan of buildings approximate, 9 = height points, 10 = waterlogged depressions, 11 = artificial lakes, 12 = springs, 13 = roads, streets. The
empty (white) sections are almost flat or slightly undulating surfaces.

on the geomorphological map showing the_ mid-western partI'able 4. Representative precipitation data for Hidthza (mm) (sta-
of the settlement (Fig. 5). Although the risk of movement tion Fyzerkombs /220 m a.s.l./ is at ca. 3-5km from the landslide-
was indicated by the landslide inventory, the drier weatheragfected areas)

conditions of recent decades — especially the aridity of the
nineties — made the population incautious and several houses

were built on the flat surfaces of stepped landslides (&zab Period Year Autmn  Winter February
2000). 1901-1975 632 149 100 30
1975-1989 633 127 107 28
3.3.2 Landsliding and precipitation 1990-1999 602 166 84 31
1998 778 234 61* 3+
Annual mean precipitation between 1990-1997 (575 mm) 1999 647 116 120 76
was almost 10% below the average of many years (Table 4). *1997/1998, **1998

A considerable precipitation surplus was measured in the

autumn of 1998 and the last month of the winter (Febru-

ary 1999) brought an absolute record (76 mm) since the be-

ginning of precipitation measurements (1901). Most of the

movements took place in March (1999) but after a temporary

dormancy, they resumed activity in the middle of the sum-it also allows for another conclusion. In Hungary — in the

mer (1999) and with a smaller intensity at the beginning oflight of the flood disasters of the past years (record floods

2000. Twenty-two houses were strongly damaged in the setalong the Tisza in 1998, 1999, 2000 and 2001) — it has to

tlement and 70 were severely endangered. The damage argk emphasised even more clearly that the gentle decrease in

the costs of protection measures amounted to USD 200 00éhe amount of precipitation of the past decade did not reduce

to 300 000. the extreme fluctuations in precipitation. Thus, the deriving
The case of Hofihaza does not only indicate the close re- risks have to be taken into account, both from the aspect of

lationship between landslides and winter precipitation, butthe floods and the landslides.
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