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Abstract. The torrential catchments located on the northern slopes of Belasitsa Mountain (SW Bulgaria), in the area
of Petrich town were affected by an intense rainfall event in December 2021 that triggered a cascade of hazard pro-
cesses like floods, landslides, debris flows/floods that caused major damage to the road network, properties, and build-
ings, showing the urgent need to take hazard and risk assessment and mitigation measures. For assessment purposes,
we perform field and UAV-based analysis, and mapping of the affected areas, the geomorphological changes after the
flooding event, and the different types of identified mass-wasting processes. We also investigated the effects of carly

December 2021 heavy rain on a regional scale.
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During the period of 7-12 December 2021, SW Bul-
garia was affected by very strong rains, which cul-
minated during the period 11-12 December. There
were reports of high-water levels, floods, landslides
and other hazardous events everywhere in this large
area. Yet, the most affected was the area of the
northern slope of Belasitsa Mountain. Here, over-
night 11 to 12 December as a result of extreme rain-
fall, a cascade of hazardous events occurred. The lo-
calized shallow landslides-initiated mudflows that
in turn transformed into debris flows/floods along
the steep channels. At the foot of the mountain large
areas were flooded, arable land was covered by sed-
iments and numerous roads were transformed into
ravines. The most affected were the westernmost
outskirts of Petrich town, where houses and road
infrastructure were flooded and damaged.

The preconditions for the cascading hazardous
events in this area are obvious. There is an agree-
ment that Belastitsa is a classic example of an up-
lifting horst (e.g. Klimov et al., 2004), limited from
N and S by two active normal fault zones (Podgo-
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rie fault, Fig. 1a). As a result, the slopes are rather
steep. Moreover, most of the mountain is built by
well-foliated metamorphic rocks, which rather of-
ten are affected by strong cataclasis and are deeply
weathered. All these are important factors promot-
ing the occurrences of numerous shallow and deep-
ly-seated landslides.

Our field studies and unmanned aerial vehicle
(UAV) image collection and mapping started one
week after the event. The studied area covered al-
most the whole northern foot of Belasitsa Mountain,
yet here we are presenting only a small part, cover-
ing the western margin of Petrich town. Here, the
genetic links and cascading character of the hazard-
ous events can be the best documented. Except field
checks and mapping along the stream beds, approx.
4 km? area was covered by cm-resolution UAV im-
agery.

The main scientific target was the creation of a
hazard inventory map, that shows affected areas and
also the most significant geomorphological changes
(Fig. la). The map shows different types of iden-
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Fig. 1. a, main features of the damaged area along the northern slope of Belasitsa Mountain, western outskirts of Petrich; b, new
channel destroying farming land, UAV imagery, scale bar (lower left) — 10 m. Location is shown in Fig. 1a; ¢, field photo from the
same locality, looking upstream the new channel, demonstrating extensive erosion and transport of boulders; d, depositional area of
the torrent that crosses the Buhoto neighbourhood. Blue lines show the main channel (right arrow) and avulsion pathways, created
during the December flood event. Note the braided pattern of the channels. UAV imagery, location is shown in Fig. 1a. Scale bar

(lower left) — 10 m.

tified mass-wasting processes as well as hydraulic
and geomorphological effects of the floods. For the
GIS data processing, the damages were classified
as point, linear and polygonal objects. As points
are shown landslides, rockfalls, and also localities
that can be affected in case of future heavy rainfall
(marked as sensitive sites in Fig. 1a). Slope features
such as mudflows and stream-related features such
as streambed erosion (Fig. 1b,c), and flooded stre-
ambed are shown as linear features. Following the
methodological approaches of (Brenna et al., 2020;
Church, Jakob, 2020; Matthews et al., 2020) the al-
luvial deposits related to the mid-December event
were classified as water flow deposits and debris
flood deposits and are shown as polygons.

Except for meter up to 50 m long, gravel to boul-
der in size accumulations, usually situated within or
just next to the main river channel, the deposition
related to the event is localized to the north of the
Podgorie fault (Fig. 1a). Typically, north of the fault
there is a reduction in slope angle, and the morphol-
ogy of the river channels changes from well-defined
and laterally constrained to indistinct and not con-
fined. At the times of floods, the intersection of the
fault line with the channels marks the starting point
of newly formed avulsion pathways (Fig. 1d). Flood
deposits are mapped by UAV (Fig. 1a) and field
data indicate that they consist mainly of sand and
gravels with rare occurrences of up to 0.2-0.3 m
large clasts. In the most proximal parts, their thick-
ness reaches up to 0.6 m.

We also investigated the effects of early De-
cember 2021 heavy rain on a regional scale. A
well-known for previous flood-related disaster ar-
eas were visited, such as the area of Stob village,
Harsovska valley (Stoycheva, Krenchev, 2021),
and Kanina River valley (Ognyanovo, Garmen Mu-
nicipality). Everywhere there was evidence of high-
water flows, and along the river channels segments
were showing erosional and depositional features.

More significant damages were recorded along the
Harsovska River and also around the Kanina River.
Except for the Gotse Delchev area, where the Mes-
ta River flooded a significant area, no large-scale
floods were recorded in SW Bulgaria. Also, our
field checks and UAV monitoring (20-21 Decem-
ber 2021) along a well-known for frequently oc-
curring debris flows torrent — the one of Ribnishka
River (Dotseva et al., 2020) did not document any
damage or fresh deposition. This water catchment is
situated just 6-10 km NW of the strongly affected
area of the Belasitsa foothills. Thus, the specifics of
the weak bedrocks are most probably not the main
triggering factor for mid-December events, but
strongly localized rainfall.
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