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Abstract

This paper aim to investigate the possibility of permafrost
occurrence in the alpine area of Rodna Mountains by describing
the rock glaciers distribution and characteristics and by monitoring
the ground surface temperature and spring water temperature
during late summer. Rock glaciers have a rather scarce distribution
between 1670 and 1960 m a.s.l., their morphology is completely
relict even at the highest altitudes which indicate they are
inherited landforms. Thermal regime indicates improbable
permafrost at Bila talus slope (1844 m a.s.l.) and an ambiguous
outcome at Curmatura Buhdescului talus slope (1980 m a.s.l.)
where average temperature during the BTS period was warmer
than the -2°C threshold only in one year of the two monitored.
Alpine spring water temperatures are above 3°C indicating
absence of permafrost and they are moderately correlated with
altitude. Iezeru Pietrosu cirque headwall is affected only by
seasonal frost at 2100 m a.s.l. for almost 9 months. It seems that
in Rodna Mountains the past and present climate conditions were
and are milder in comparison to Southern Carpathians as the
latitude increase does not compensate the lower altitudes.

Keywords: rock glaciers, alpine permafrost, GST,
geomorphological survey, Rodna Mountains, Romanian
Carpathians

Introduction

Permafrost is a component of both the cryosphere
and the lithosphere, and is defined as a matrix of rock
and ice mixed in various proportions which occurs in
areas where the mean annual air temperature is
below -1°C (Dobinski, 2011). It can appear in rock
glaciers, talus slopes and rock walls in mountains
located in temperate regions (Jones et al, 2019;
Scapozza et al., 2011; Magnin et al., 2015). However,
as a result of global warming, significant changes are
impacting high altitude and latitude areas, thus
transforming  the  cryosphere.  Consequently,
permafrost was introduced as an essential climate
variable by the Global Climate Observing System
(GCOS), with thermal state and active layer thickness

Rezumat. Imbinarea abordarii geomorfologice si
a monitorizarii termice pentru cercetarea
permafrostului in Muntii Rodna, Carpatii
Romanesti de nord

Acest articol fisi propune sa verifice posibilitatea prezentei
permafrostului in Muntii Rodnei prin studiul distributiei si
caracteristicilor ghetarilor de pietre si prin monitorizarea
temperaturii la suprafata solului si a temperaturii izvoarelor
montane la sfarsitul verii. Ghetarii de pietre au o desitate scazuta
intre 1670 and 1960 m altitudine, au o morfologie complet relicta
chiar si la cele mai mari altitudini indicand faptul ca sunt forme de
relief mostenite din alte perioade geologice. Regimul termic indica
permafrost improbabil in trena de grohotis din Valea Bila (1844 m
altitudine) dar oferd un rezultat neclar in trena de grohotis
Curmatura Buhdescului (1980 m altitudine) unde temperature
medie in perioada BTS este deasupra pragului de -2°C intr-unul
din cei doi ani monitorizati. Temperatura izvoarelor este de peste
3°C in toate siturile indicand absenta permafrostului. Rezultatele
termice din peretele circului Iezeru Pietrosu este afectat doar de
inghet sezonier pentru o perioada de aproape 9 luni pe an.
Conditiile climatice trecute si actuale au fost si sunt mai blande in
Muntii Rodna in comparatie cu cele din masivele inalte din Carpatii
Meridionali, efectul de latitudine nefiind complet compensat de
altitudinile mai reduse.

Cuvinte-cheie: ghetari de pietre, permafrost alpin, GST,
cercetare geomorphologica, Muntii Rodnej, Carpatii Romanesti

parameters regarded as key markers of climate
change. Mountain glaciers are melting and in
numerous instances they are transforming into debris
rock glaciers as conditions transition from glacial to
periglacial (Jones et al., 2019; Seligman et al., 2019).

Rock glaciers, both inherited and modern, are
abundant periglacial landforms in high altitude
mountains indicating past or present permafrost
conditions: several thousand rock glaciers were
mapped in the Alps (Cremonese et al., 2012), more
than 10.000 active rock glaciers were mapped in USA
(Johnson et al.,, 2021), and more than 4000 rock
glaciers in North Yakutia (Lytkin, 2020). In lower
mountains, a smaller number of rock glaciers are
present, e.g. less than 400 in the Western and High
Tatra Mountains (Uxa and Mida, 2017), more than
250 in the Cantabrian Mountains (Gonzalez-Gutiérrez

127



Combining geomorphological approach and thermal monitoring for permafrost research in Rodna Mountains, Northern Romanian

Carpathians

et al,, 2019), and 224 in the entire Balkan Peninsula
(Magori et al.,, 2019). In other formerly glaciated
mountains, rock glaciers are very scarce, or their
presence is questionable, as it is the case of Great
Britain (Jarman et al., 2013).

Rock glaciers were mentioned for the first time in
the Romanian literature by Ichim (1978), while the
rock glaciers of the Southern Carpathians received a
lot of attention in recent years indicating permafrost
probability by thermal and geophysical investigations
(Vespremeanu-Stroe et al., 2012; Onaca et al., 2015;
Popescu et al., 2017). Studies centered on mountain
areas with similar environmental conditions (e.g.,
Western Carpathians), indicated that rock glaciers are
Late Glacial features with no activity at the present
(Kedzia, 2014), but permafrost creep with very low
movement rates was proved to exist in Southern
Carpathians rock glaciers (Vespremeanu-Stroe et al,,
2012; Necsoiu et al., 2016). However, permafrost
persistence can occur even well below the apparent
intact rock glaciers (Colucci et al., 2019). Rock glaciers
density is in good relation with lithology as several

studies indicated large rock glaciers densities in granitic
mountain ranges (Urdea, 1998; Uxa et al., 2017) while
in carbonate rocks lithology they can only form when
other silicate rocks are available (Gachev, 2020).
Despite several studies dealing with past glacial
reconstruction in Rodna Mountains, few studies
mention and investigate rock glaciers (Ichim, 1978;
Laszl6 et al, 2013). As a consequence their
occurrence and thermal characteristics are still poorly
known. Therefore, this paper intends to describe the
distribution of rock glaciers in Rodna Mountains and
to present the results of several thermal
measurements in talus deposits and rockwalls.

Study area

Rodna Massif is located in the northern part of the
Northern Romanian Carpathians. It is delimited by
Nasadudului Hills and Bargaului Mountains to the
south, by Suhard and Maramuresului Mountains to
the east, by Maramuresului Depression to the north
and Tibles Mountains to the west (Figure 1).

1 [ Studied areas Altitude (m asl)
4 Peaks {3 450
~— Rivers TETReGIC)
&= Contou! lines | 1377
Contour interval: 200m || 1841

2303

TITT — o\ I L=

Fig. 1: Location of the two study areas in Rodna mountains: Pietrosu-Buhaescu area (B) and

Bila-Ineu area (C)

The maximum altitude of the massif is of 2,303 m
a.s.l. at Pietrosul Rodnei Peak. The massif is around

45 kilometers long from east to west and has a total
area of 960 km2. The main ridge is generally oriented
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in a northwest to southeast direction. A more detailed
orientation can be described in 3 sections: the
sections in the east and west are oriented NW-SE,
while the middle one is oriented WSW-ENE. The
geology of the study area is dominated by pre-
Hercynian crystalline schists and carbonatic Mesozoic
formations (Mutihac & Mutihac, 2010). The massif
has undergone asymmetrical tectonic uplift, resulting
in a horst with steep slopes toward the northern
Maramuresului Depression and gently inclined slopes
in the south, towards the Somesul Mare valley. The
main ridge is mainly made of schists, i.e. an intricate
distribution of epi-metamorphic schists, mica schists
and paragneiss. The western part of the ridge,
corresponding to the highest area of the massif, is
composed of phyllites and sericite-chlorite schists
(Bleahu et al., 1968). The climatic setting of the
Rodna Massif is directly influenced by wet air masses
from the west and by polar air masses from the north
and northeast (Laszl6 et al, 2013). The multi-annual
air temperature ranges from a minimum of -2°C on
the highest peaks to 1°C at 1700-1800 m and the
annual precipitation amount varies from over 1400
mm at the highest peaks to approximately 1300 mm
at 1700-1800 m and 1000 mm at around 1000 m asl
(Dragota and Kucsicsa, 2011). The mean annual air
temperature (MAAT) at Iezer meteorological station
(1785 m asl) is +1.4°C (during the 1961-2001 time
interval). Taking into consideration an average lapse
rate of 0.65°C/100 m we can place the MAAT of 0°C
at the altitude of 2020 m asl (increasing lately due to
climate warming). Solid precipitation starts at the end
of September and the last snowfall is usually in May.
The landscape of the massif was shaped by glacier
activity in the last glacial maximum (LGM) (Kfapyta et
al, 2021), although pre-LGM ages were identified for
some landforms (Gheorghiu, 2012; Urdea et. al,
2022). The presence of glaciers in Rodna Massif is a
result of both high altitude and latitude. Here,
regionally lower temperatures compensated for the
lower altitudes (compared to the Southern
Carpathians, which have altitudes up to 200 m
higher) and led to the formation of 45 cirques, the
largest in the Romanian Carpathians (Mindrescu and
Evans, 2014). The mountain range is characterized by
altitudinal asymmetry manifesting itself in terms of
the morpho-climatic zones (Ichim et al., 1979), the
treeline (Mihaila et al., 2021) and the glacial relief
(Mindrescu, 2016), and is further reflected in the
distribution and occurrence of periglacial landforms.
The geomorphological setting of the range meets the
basic conditions for permafrost development: high
altitude and the presence of rockwalls and screes
(Popescu, 2021).

Periglacial research in Rodna Mountains

In Rodna Mountains geographical studies were
preceded by geological investigations, particularly
due to the interest generated by mining in the area.
The earliest geomorphological studies date back to
1891, when the first results regarding glacial
landforms on the upper Lala valley (Lehman, 1891)
were published. Subsequently, Géza (1896) published
data on the glacial relief around Ineu Peak. A decade
later Szilady (1907) introduced new
geomorphological data regarding glacial cirques
around Pietrosu, as well as a rather detailed map of
cirques, while Orghidan (1909) published the first
geomorphological considerations relating to the origin
of Bistrita Aurie river. The scientific works mentioned
in this section were mostly descriptive local-scale
studies which included little graphical or
morphometric data and focused mainly on glacial
landforms (particularly glaciers), as well as periglacial
forms.

After 1911, Rodna Mountains were also included
in regional-scale syntheses focusing on glaciation and
glacial landforms in the Romanian Carpathians. Based
on the complexity of glacial and periglacial relief in
this massif, Sawicki (1911) was able to bring solid
contributions regarding the chronology of glacial
phases, thus introducing the concept of three glacial
phases in Rodna Mountains. However, Krautner
(1937) acknowledged the existence of a single
glaciation with three phases of retreat. Both scientists
(particularly Sawicki) likely included some periglacial
forms into the category of glacial relief,
understandably so for that era when mountain
geomorphology research was still in its early stages
and several researchers denied even the Pleistocene
glaciation overall (Primics, 1884, Inkey, 1892).

Pawtowski (1936) published the first synthesis on
glaciation and glacial landforms in the entire
Carpathian Range comprising a nearly comprehensive
map of the 23 glaciated mountain ranges, including
Rodna Mountains. The map provided data on the
extension of Pleistocene glaciers (e.g., glaciers with
known or probable extension), thus allowing for a
preliminary idea regarding the distribution of
periglacial relief in the Late Pleistocene. Pawtowski
also introduced the concept of glacial asymmetry,
which is typical for Rodna Mts.

After a lengthy period during which only a small
number of local studies were published (e.g., Donisa,
1968), a new stage in geomorphological research in
Rodna Mountains was marked by the complex, more
modern study carried out by Sircu (1978). Although
the focus of this monograph is on the glacial relief,
periglacial landforms are also granted considerable
attention. Regardless of the terminology used in the
study, which is a product of that period, the author
brings to the forefront of the discussion a wide array
of periglacial forms, including: blockfields,
blockstreams, blockslopes, stone stripes; protalus

129



Combining geomorphological approach and thermal monitoring for permafrost research in Rodna Mountains, Northern Romanian

Carpathians

ramparts; scree talus slopes; solifluction terraces;
creep phenomena; frost heaving; thufurs (earth
hummocks); nival niches; avalanche couloirs; fossil
ice wedges; periglacial superficial deposits and
associated processes (solifluction, creep, nivation).
Most of these forms are briefly described in terms of
traits and distribution, with the exception of fossil ice
wedges that are viewed by the author, and rightfully
so, as sackungs (trenches). Maps or other graphic
representations are not available, apart from a thufur
cross-section. According to Sircu (1978) the most
significant  periglacial landforms are scree
accumulations and periglacial superficial deposits
(primarily eluvia), whereas the main associated
processes include solifluction and creep. The study
does not mention residual forms, such as periglacial
tors or rock glaciers. Just one year later, the paper of
Ichim (1978) paves the way for progressive studies in
geomorphology facilitated by the access to the
scientific literature of the Western world. In his work
dedicated to rock glaciers in the Romanian
Carpathians, Ichim acknowledges the presence of
fossil rock glaciers in Rodna Mountains on Cobasel
and Negoiescu valleys and indicate that active rock
glaciers should be present in Rodna Mountains above
2100-2150 m asl (Ichim, 1978). While Sarcu (1978)
provided a map depicting the glacier and snowline
distribution during the last glacial maximum in Rodna
Mountains, which is useful for pinpointing the area of
manifestation of periglacial processes, Ichim et al.
(1979) published the earliest information on morpho-
climatic dynamics in the massif during the Postglacial.
The authors identified two major altitudinal morpho-
climatic zones: fluvio-denudational and periglacial.
Depending on the annual isotherms and the treeline,
correlated with similar studies from other regions of
Europe (e.g., the Alps, the Tatra Mountains), three
subzones were delineated within the periglacial
domain, including: the solifluction subzone (between
+3° and 0° C); the complex periglacial processes
subzone (between 0° and -2° C) regarded as the
lower limit of rock glacier formation; and the intensive
weathering subzone (below -2°C) where intensive
cryoplanation, nivation and rock glacier activity are
prevalent.

Further geomorphological studies targeted the
glacial cirques of Rodna Mountains (Mindrescu et al.,
2010; 2014), sackung landforms (Mindrescu and
Cristea, 2011), glacial landforms (Laszl6 et al., 2013)
glacial reconstruction and deglaciation chronology
(Gheorghiu, 2012, Klapyta et al, 2021).

Methodology

In order to identify the most suitable areas for in-
depth investigation, we performed an initial analysis
on the distribution and main characteristics of the

glacial and periglacial features in the study area, as
these can help predict the spots with a high
probability of current or past permafrost existence.
This analysis was carried both based on ortophotos
and in the field, the two approaches being
complementary (for example, although other
characteristics are easier to identify in situ, the ridges
and furrows specific to the rock glaciers are more
obvious on ortophotos). Ground surface temperature
(GST) monitoring provides data regarding both the
thermal regime of a specific feature (for example
freeze-thaw cycles in  rockwalls) and the
characteristics of the heat transfer process between
the ground and the atmosphere which are essential
in permafrost detection especially in the case of
porous screes that favour ground overcooling. GST
was monitored at 3 sites: i) cirque lezeru Pietrosu
headwall, ii) Buhdescu Mare cirque moraine (bellow
Curmatura Buhaescu) in the western part of the range
and iii) cirque Bila rock glacier (at foot of Plescuta
crest) in the eastern part. We used miniature digital
data loggers (iButtons) manufactured by Embedded
Data Systems (USA). The measurements were made
from 2014 to 2018, with a sampling frequency of 4
hours. In order to compute the synthetic indices of
mean annual ground surface temperatures, the data
had to be completed for 24 consecutive months and
for that purpose we used the offset between the
mean monthly temperatures of ground and air from
the intervals when both types of data were available
and applied the method for the intervals without GST
data. The low temperature of alpine springs water
during late summer before first autumn frost is also
an indicator for permafrost existence, as follows:
temperatures below 1°C are specific for active rock
glacier springs (Krainer and Mostler, 2002; Berger et
al., 2004), thus indicating areas certainly underlain by
permafrost, while temperatures in the range 1-2°C
have been reported for areas with high probability of
permafrost occurrence (Frauenfelder et al.,, 1998,
Brighenti et al., 2021). We measured the temperature
of 10 springs located in Buhdescu and Bila Valleys on
29-30 August 2018 using a hand-held thermometer
Extech (0.5°C accuracy).

Results and discussion

Rock glaciers and other periglacial
landforms in Rodna Mountains

Rock glaciers are found in the Rodna Mountains
but their distribution seems to be rather scarce and
their status completely relict. Their structure is fossil-
ized with soil, grass vegetation and shrubs. Only small
patches of openwork scree can be observed on their
surface (Figure 2). On the northern slope, several
rock glaciers were identified on Lala, Bila and Repede
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valleys. On Lala valley, a large rock glacier complex
(1670 m - 1830 m asl) is covered almost completely
with shrubs but present a typical rock glacier creep
morphology of ridges and furrows. In Bila valleys two
landforms were identified that can be attributed to
rock glacier morphology: Bila 1 rock glacier (1770-
1830 m asl) which has an expressive morphology and
is completely vegetated, and Bila 2 rock glacier

VPR3 Yoo

.r

Fig. 2: Types of rock glaciers identified in Rodna Mountains: Bila 2 (A), Repedea (B), Cobasel
(C) and Lala (D)

This rock glacier is completely fossilized and veg-
etated but has a clear spring at its front that has not
been yet measured. Below Curmatura Buhdescului
(2070-2080 m a.s.l), at the foot of the back wall
cirque (Figure 3C) lies a small landform that has an
arcuate morphology, no ridges and furrows and a low-
lying surface behind a terminal crest. The latter has a
symmetrical transversal profile with relatively steep

(1960-2000 m asl) which appears as an incipient fos-
silized rock glacier (protalus rampart) completely veg-
etated as well. On the northern slope of the Repedea
peak, in the upper part of Izvoru Repede valley, there
is an expressive tongue-shaped valley side rock glac-
ier (1875-1965 m asl) that was also mentioned by
Ichim (1978).

slopes. These characteristics indicate rather a mo-
raine morphology. The openwork debris comes from
the slope in a new evolution phase that has nothing
to do with permafrost creep in our view. This is in
opposition to Gheorghiu (2012) that regarded this
ridge as part of a periglacial protalus rampart. In Iezer
cirque, the elongated landform parallel to the valley
is considered a rock glacier by LaszI6 et al. (2013) and
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an ablation moraine by Gheorghiu (2012); we are in
favor of the latter as there is no rock glacier creep
morphology visible there. On the southern and west-
ern slopes of Rodna, two valleys caught our attention,

Cobdsel and Pietrosu, which exhibit elongated lobes
parallel to the lateral ridges of the valleys, regarded
as either small rock glaciers/protalus ramparts or mo-
raine ridges (Figure 2C).

Curmatura Buh&escului moraine |#

'

TS
-

Fig. 3: The sites where thermal measurements were applied: Pietrosu rockwall — 2105 m asl
(A), talus slope located above the Bila 1 rock glaciers at 1844 m asl (B), and talus slope
below Curmatura Buhdescu in the back of a moraine ridge (C)

Other landforms with potential permafrost content
are rockwalls and talus slopes. With some exception,
the rockwalls are rather underdeveloped. The largest
rockwalls in Rodna Mountains are those from the
Pietrosu-Buhaescu Peaks and Ineu Peak areas which
are also the highest ones (>2200 m asl). In these two
areas the largest and most extended talus slopes can
also be found, which as also the highest ones with
openwork structure and still active today in terms of
rockfalls supply (Figure 4). However, the largest scree
landforms covering most of the slopes are debris-
covered slopes. They are partially colonized by shrubs
as well. Impressive protalus lobes mostly or totally
vegetated, made of both boulders and fine materials
were identified at Caldarea Putredu glacial cirque
(north-facing), and below the Saua Putredu on the
southern slope. Other gravitational landforms that are
typical and impressive from Rodna Mountains are the
sackung trenches and the landslides, such as the one

on the northern slope in the area of Negoiasa Mare
Peak.

The scarcity of rock glaciers and their small
surfaces (with the exception of the large rock glacier
complex from Lala Valley) are probably related to the
low amount of debris supply due to the marginal
character of the glaciation (Mindrescu et al., 2014)
and the rockwall morphometry. The lower density of
rock glaciers in Rodna Mountains is in line with the
previous observations regarding rock glaciers
formation metamorphic versus granitic rocks (Urdea,
1998; Uxa et al., 2017). There are major similarities
between rock glaciers distribution and status from
Iezer (Southern Carpathians) and Rodna Mountains
(Popescu, 2018) in terms of scarcity and morphology
of rock glaciers, as these landforms are relict to a
higher extent and have an even lower density in
Rodna Mountains. The seven rock glaciers identified
in Rodna have their fronts between 1670 and 1960 m
asl and their MAAT varies from +0.4 and +2.1°C
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(considering the MAAT reference from 1961-2001 at
Iezer meteorological station) indicating that they
formed in periods with MAAT lower by 2.4 - 4.1°C
than the current MAAT. This thermal variation is

beyond the Holocene range, therefore they could
have only formed at the end of Pleistocene, in the late
glacial period.

Fig. 4: A typical high altitude talus slope from Rodna Mountains located below the Ineu Peak in
the upper Bila Valley. The talus slope base is at 2000 m asl.

Thermal regime of rock deposits and
rockwalls

At Bila site the iButton was located in the lower
part of an openwork talus slope above the Bila 1 relict
rock glacier at an altitude of 1844 m asl. The GST
regime (2014-2016) indicated cooler conditions in the
first year in comparison to the second year (Figure 5)
with: i) lower GST during autumn-early winter; ii)
later partial insulating snow layer onset (8 December
in comparison to 26 November); iii) lower
temperature during the BTS period or late winter
equilibrium temperature (around -1°C and 0°C in the
first and second winters respectively, indicating that
permafrost is improbable), iv) later entrance in the 0
curtain period (21 April in comparison to 30 March),
v) earlier snow melting (17 May versus 6 June). These
indicate that the first monitored winter was drier in
comparison to the second one and the ground cooling
was more efficient. Mean annual ground surface
temperature (MAGST) was +4.1 and +3.3°C (average
of October-September interval) while the local
computed MAAT was +3.4°C and +2.8°C,
respectively.

At Curmdtura Buhdescului site the iButton was
located in the lower part of a talus slope accumulating
in the interior of a small arcuated ridge that we
regarded as a moraine. We argue that between the

talus slope and the ridge there is an evident
discontinuity that cannot consistent with periglacial
protalus ramparts. Also, the ridge has a rather
symmetric transverse profile which is also an
argument for the moraine origin of the ridge. The GST
regime was recorded in the October 2016 -
September 2018 period, showing a similar pattern as
previously mentioned with a cooler first year and a
warmer second year of measurements (Figure 5). The
following observations were made: i) lower GST was
recorded in the first autumn-early winter period; ii)
later partial insulating in the first year (9 November
compared to 28 October); iii) complete snow
insulation of the ground after around 10-15
December in both years and consequent thermal
adjustments in the following months; iv) relative
stable temperatures during the BTS window
indicating that the site is sufficiently insulated for BTS
method application; v) average BTS is lower in the
first year (-2.7°C versus -1°C) indicating possible
permafrost in the first year and improbable in the
second; vi) the stable temperatures during the BTS
window are registered in 14.2-13.3 and 9.2-9.3; vii)
the 0 curtain period is similar both years in terms of
length and interval of occurrence (7.4-17.6 versus
13.4-22.6). MAGST was +1.7 and +2°C (same
interval of October-September) while the local
computed MAAT was +1°C and +1.7 °C, respectively.
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Fig. 5: GST regime of Bila and Curmatura Buhadescului talus slopes. Note the different time peri-
ods, i.e. 2014-2016 (up) versus 2016-2018 (down).

On Iezeru Pietrosu headwall the iButton recorded
the rock temperature on a northern near vertical rock
face. The thermal regime indicates a good
overlapping between rock and air temperatures as a
consequence of minor snow cover influence. Using
the Berggren equation modified by Matsuoka and
Sakai (1999), the timing and depth of freezing and
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thawing were calculated (Figure 6). The continuous
freezing lasted 251 days from 16 November 2014 to
25 July 2015, indicating seasonal and not perennial
freezing at 2105 m asl. The mean annual rock
temperature (MART) was +1.5°C at a local MAAT of
+1.8°C. The maximum penetration depth was 4.6 m.
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Figure 6: GST regime of Pietrosu rockwall at 2105 m asl during the 2014-2015 time period with
the freezing and thawing regime computed using the thermal data and the Berggren
equation modified by Matsuoka and Sakai (1999)
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The spring water temperature during late summer
ranged between 3.5°C and 6.3°C on Bila Valley and
between 3°C and 10°C in the upper Buhdescu Valley.
The springs are located between 1555 and 2117 m
asl (altitude measured in the field with GPS receiver).
The highest two springs recorded the highest
temperatures because they had rather stagnant
water. If we exclude them from the analysis, the rest
of 8 springs are moderately well correlated with
altitude, which accounts for the water temperature
decrease by 52% (Figure 7). In the upper Buhdescu
Valley all springs are located at the contact between
cirque headwall and cirque floor between 1922 and
1933 m asl: three (3-3.4°C) are located below the
rock deposit (rock avalanche, moraines?) located
west of Tarnita la Cruce lake, two are located
westward below a rock cliff and displayed 3.4 — 3.8°C;
and the remaining spring with stagnant water below
a rock deposit exhibited 10°C. In the Bila Valley all
the springs were measured on the eastern slope of
the valley rising from rock outcrops or relict rock
deposits from 1555 to 2117 m asl and with values
between 3.5 and 6.3°C (Figure 2). All the values are
way above the thermal threshold of permafrost
presence of 2°C, indicating the lack of a frozen
source. Similar results were reported in the Iezer lake
glacial cirque by Popescu (2021).
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Fig. 7: Spring water temperatures measured
at Bila and Buhaescului glacial cirques in
late August 2018. The red dots were ex-
cluded from the linear regression be-
cause the water was rather stagnant at
these sites

In the context of rock glacier relict morphology
and positive MAGST even at higher altitudes rock
deposits that indicate that all the rock glaciers are
completely relict, we question why Ichim (1978)
assumed that active rock glaciers should be present
in the Romanian Carpathians including in Rodna
Mountains? Firstly, the author took into consideration
the air temperatures which were considerably lower
during that period compared to the present day: in
the 7th, 8th and 9th decades of the 20th century the
mean decadal temperature at Iezer meteorological
station was +1.2 - +1.3°C, considerably lower than
the recent times. For example in the 2015-2020

period the mean temperature was +3.15°C.
Secondarily, perennial snow patches were observed
in the Romanian Carpathians at that time. Both
aspects (temperatures and snow patches) are
obvious indicators of active rock glaciers occurrence
in a region; however, that was only a temporary cold
climate anomaly similar to the Little Ice Age period
and did not reflect the ,normal” long-term conditions
of the Romanian Carpathians. The same can be
applied to rock glaciers from the Southern
Carpathians which are also inherited landforms from
colder past periods. Nevertheless, the lack of intact
rock glaciers cannot exclude the possibility of small
permafrost patches in relict rock glaciers (Colluci et
al., 2019) or low altitude talus slope (Popescu et al.,
2017).

Conclusions

Geomorphological investigations indicated the
presence of several rock glaciers in Rodna Mountains,
most of which are located in two areas: Pietrosu-
Buhdescu in the west and Ineu in the east. Seven rock
glaciers were mapped thus far, although an extensive
rock glacier inventory should be carried out;

Most of the rock glaciers are small landforms
indicating low debris supply and short periods
favorable for permafrost creep in the past. This was
related to the rockwall morphometry, metamorphic
lithology and marginal glaciation;

All the rock glaciers are almost completely
fossilized with small openwork areas unfavorable for
typical alpine permafrost persistence;

Thermal investigations in openwork talus slopes
areas indicated improbable permafrost at the Bila
(1844 m asl) and bellow Curmdtura Buhdescului
(1980 m asl) sites with MAGST of 3.3-4.1°C. The
latter site had BTS below -2°C in one of the two
investigated years indicating possible permafrost due
to overcooling, at least in some years. MAGST varied
between 1.7 and 2°C;

Rockwall thermal monitoring at 2100 m asl
showed MART of 1.5°C, continuous frozen regime for
251 days and a maximum penetration depth of 4.6 m.
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Abstract

The paper characterizes thermal and humidity conditions within
one of the insufficiently investigated parts of Bulgaria from the
climate point of view, namely the south-western slope of the Pirin
Mountains. The initial data for the study (monthly temperatures
and precipitation amounts) were obtained from our own
meteorological monitoring station for the period 2013-2021,
organized by the Department of Climatology, Hydrology and
Geomorphology, Sofia University, Bulgaria. By the calculation of
Mayr tetratherm (MT), monthly De Martonne aridity index (Im)
and Compensated Summer Ombrothermic index (CSOi) the
predominance of humid conditions in the studied area is
established. There is a large inter-annual variability of the De
Martonne aridity index and the Compensated Summer
Ombrothermic index, which are more influenced by precipitation
than air temperature in the middle part of the mountains. On the
other hand, in combination with low precipitation amounts, high
temperatures in recent years have contributed to the
manifestation of arid features of the climate. The results of the
study supplement the insufficient information about the
bioclimatic characteristics of the Pirin Mountains and clarify the
peculiarities of the climate in these mountains, which have two
clearly distinguishable macroslopes with west-southwest and
east-northeast exposure.

Keywords: Mayr tetratherm index, De Martonne index,
Compensated Summer Ombrothermic index, Pirin Mountains

Introduction

Recent climate trends show increase of air
temperatures combined with decrease of precipitation
in South Europe including Bulgaria. On the
background of these tendencies, the feature of
contemporary climate is the increase of the frequency
of extreme events: heat waves, drought, heavy
rainfall, etc. (IPCC, 2012, 2014, 2021). Climatic
elements and changes in their regime, as well as the
occurrence of extreme climatic events have a
significant impact on the natural environment through
changes in temperature and humidity conditions
(Benito-Garzon et al.,, 2008; Kramer et al.,, 2010;
Scharnweber et al., 2011; VIadut et al., 2017; Gavrilov
et al.,, 2019; Nikolova & Yanakiev, 2020). There are
many publications which analysed the relationship
climate — vegetation. The direct and indirect effects
of climate on vegetation can be both positive (related

Rezumat. Caracteristicile ecoclimatice ale
versantului sud-vestic al Muntilor Pirin
(Bulgaria)

Lucrarea caracterizeaza conditiile termice si de umiditate in unul
din arealele insuficient investigate din punct de vedere climatic ale
Bulgariei si anume versantul sud-vestic al Muntilor Pirin. Datele
initiale pentru studiu (temperaturile lunare si cantitdtile de
precipitatii) au fost obtinute de la statia proprie de monitorizare
meteorologica pentru perioada 2013-2021, organizata de
Departamentul de Climatologie, Hidrologie si Geomorfologie,
Universitatea din Sofia, Bulgaria. Prin calculul tetratermei Mayr
(MT), indicelui de ariditate lunar De Martonne (Im) si indicelui
ombrotermic compensat de vara (CSOi) se stabileste
predominanta conditiilor de umiditate in zona studiatd. Exista o
variabilitate interanuald mare a indicelui de ariditate De Martonne
si a indicelui ombrotermic compensat de vara, care sunt mai
influentati de cantitatea de precipitatii decat de temperatura
aerului in zona mediand muntilor. Pe de altd parte, in combinatie
cu cantitdti mici de precipitatii, temperaturile ridicate din ultimii
ani au contribuit la manifestarea caracteristicilor aride ale climei.
Rezultatele studiului completeaza informatiile insuficiente despre
caracteristicile bioclimatice ale Muntilor Pirin si clarifica
particularitatile climei montane din zona, unde se evidentiaza
doua macropante cu expunere vest-sud-vest si est-nord-est.

Cuvinte-cheie: Tetraterma Mayr, indicele De Martonne,
Iindicele ombrotermic compensat de vard, Muntii Pirin

to the favorable temperatures and sunshine, and
sufficient precipitation) and negative (frosts, hail,
storms, droughts, or floods). Increasing the
concentration of CO2 in the atmosphere may favor
the development of a number of plants due to
increased processes of photosynthesis (Silva et al.,
2016). The increase in temperature leads to the rapid
development of plants but can also have an
unfavorable effect due to the lack of soil moisture.
The results rendered in recent research works (Kunz
et al., 2018; Salmon-Albert et al., 2016; Raev et al.,,
2015; Kramer et al., 2010; Bolte et al., 2010) point
out the vulnerability of the European beech to climate
change and drought, in particular. Changes in the
location of the timberline are also associated with
changes in climatic conditions (Knight et al., 2004;
Torok-Oance & Torok-Oance, 2012; Thurm et al,,
2018; Pavlovic et al., 2019; Takolander et al., 2019).
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Despite of several publications that analyzed
climate in various Bulgarian mountains: Stara Planina
(Mitkov & Koleva-Lizama, 2019; Nikolova, 2007),
Rhodopes (Petkova et al.,, 2004), Vitosha (Mitkov,
2019), Rila (Nikolova et. al., 2018), Pirin (Grunewald
et al, 2009) due to lack of meteorological
observations and data, climatological research works
in mountainous areas of Bulgaria are insufficient. The
present study aims to analyze climate in the south-
western slope of the Pirin Mountains in terms of its
favorability for natural vegetation by calculation of
eco-climatic indices. The results will contribute to
expanding the scope of previous research works
related to the climate-vegetation relationship in
Bulgaria and the Pirin Mountains, in particular
(Bozilova et al., 2004; Atanassova & Stefanova, 2005;
Grunewald & Scheithauer, 2008, Grunewald et al.,
2009; Raev & Alexandrov, 2011; Raev et. al., 2015).

Study area, data and methods

The analysed area includes insufficiently studied,
in terms of climate, part of the southwestern slope of
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the Pirin Mountains. The analyses were based on the
daily data recorded by the automatic weather station
(AWS) Begovitsa, which is located next to Begovitsa
hut. The station was installed in August 2012 (Rachev
et al, 2017) at an altitude of 1660 m on the
southwestern slope of the Pirin Mountains, in the
valley of the Begovitsa River, on a meadow among
coniferous vegetation (Fig. 1). The ecoclimatic indices
are calculated using monthly data for air temperature
and precipitation. Monthly data were obtained by
averaging daily data calculated as average from
hourly observations. The investigated period covers
nine years — from 2013 to 2021. The quality control
of the time-series showed missing values for a few
days in June 2014, July 2015, May 2017 and August
2019. The missing data were filled in using the data
from analogue stations (AWS at hut Yaworov,
Sandanski and Musala Peak) by the method of
differences (for temperature) and ratios (for
precipitation).

B 3 000

Fig. 1: Study area with the location of the automatic weather station (AWS), a) and AWS, b)

Ecoclimatic indices are used to study the influence
of climate on the territorial distribution of vegetation.
In the present study the climate conditions were
investigated by the calculation of ecoclimatic indices
for the warm part of the year (May — August). For the
purpose of the study one temperature index (Mayr
tetratherm index — MT) and two indices based on the
combination  between air temperature and
precipitation (monthly De Martonne aridity index —
Im, and Compensated Summer Ombrothermic index
(CSOi) were used. Since the monthly values of air
temperature and precipitation for the period from May

to August are used to calculate Mayr tetratherm and
Compensated Summer Ombrothermic indices, in
order to compare the results for the individual indices,
we calculate monthly De Martonne index for the same
months.

Mayr tetratherm — MT

Mayr tetratherm is a temperature index which
makes possible to establish compliance with the
optimal conditions for vegetation during the period
with maximum biological activity (VIadut, 2010). The
value of the index, introduce by Mayr (1909), can be
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used to determine the most characteristic vegetation
for the temperature conditions for a given area.
Mayr Tetratherm (MT) index is calculated on the
basis of average monthly air temperatures according
to the formula (Tylkowski et al., 2021):
MT = X(ts + t64+ t; + tg)
where t; +1; +t;, +1t; is the sum of the average

monthly temperatures for the period May-August.

The period from May to August usually includes
the warmest months of the year and therefore Mayr
(1909) considers the average monthly temperatures
for these months as a limiting factor for the
vegetation distribution. The Mayr Tetratherm Index
values between 13 and 18°C show that the climate is
favorable for the development of beech forests
(Satmari, 2010; Bokwa et al., 2021), while according
to other authors and the values between 10 and 14°C
indicate favourability for coniferous forests, mainly
pine trees (Tylkowski, 2015).

De Martonne aridity index

De Martonne aridity index (De Martonne, 1926)
was used by many authors for the identification of dry
or humid conditions in various regions of Europe
(Pellicone et al., 2019 — Southern Italy; Baltas, 2007
- Greece, Radakovic¢ et al., 2018 — Serbia; Andrade &
Corte-Real, 2016 — Iberian Peninsula; Cheval et al.,
2015 — South-Eastern Europe, Gavrilov et al, 2020 —
Pannonian Basin).

Monthly values of De Martonne index were
calculated according to the formula (Satmari, 2010):

12p
™= ir10

where p is the monthly precipitation total and t is the
mean monthly air temperature.

The values of the monthly De Martonne index
indicate various types of climate — from dry or arid to
excessively humid (Table 1).

Table 1: Climate classification according to
monthly values of De Martonne index

(Im)

Im Climate classification
Im<10 Dry or arid (D)
11<In £24 Semiarid (SA)
24< Im <30 Moderately arid (MA)
30< Im <35 Slightly humid (SH)
35< Im =40 Moderately humid (MH)
40< Im <50 Humid (H)
50< Im <60 Very Humid (VH)
60< Im <187 Excessively humid (EH)

Source: Pellicone et al.,, 2019
Compensated Summer Ombrothermic index
(CSO0i)
For the calculation of Compensated Summer
Ombrothermic index (CSOi) the following formula was
used (Rivas-Martinez, 1996; Saha et al., 2016):

P Ta 4T, +T,+ Ty

where: Py + P;+ P, + P is the sum of monthly
precipitation for the period May — August in mm, and
Ts+Tg+ T, +Tgis the of monthly average air
temperature for the period May — August in °C.

The classification of the climate type according to
the ombrothermic index is given at Table 2.

Table 2: Climate classification according to
the ombrothermic index

Ombrothermic index Climate type
0.1-0.3 Hyper arid
0.3-0.9 Arid
0.9-2.0 Semi-arid
2.0-3.0 Dry
3.0-5.5 Subhumid
5.5-11 Humid

Source: Viadut et al,, 2017

Results and discussion

Mayr tetratherm — MT

Mayr tetratherm index is an indicator for the
temperature conditions during the warmest months
of the year. The results of the calculations show that,
for the period 2013 — 2021, the index varies between
10.7 and 13.3°C with an average value of 12.4°C,
which characterizes the investigated region as
favorable for coniferous trees, which have lower
thermal requirements compared to deciduous
species. The average May — August temperature was
lowest in 2014 and highest in 2017 and 2021 (Fig. 2).
14,0 53
13,5 ! 13,1
13,0
12,5
12,0
11,5
11,0
10,5
10,0

2013 2014 2015 2016 2017 2018 2019 2020 2021

10,7

Fig. 2: Mayr tetratherm index

The climatic conditions for the vegetation
development are determined not only by
temperature, but also by the humidity conditions,
which are analyzed in this article by the De Martonne
aridity index and Compensated Summer
Ombrothermic index (CSOi).

De Martonne aridity index

Due to the variability of monthly precipitation and
temperature during the investigated period high
variability of monthly values (May — August) of De
Martonne index was established. For the study area,
the monthly amount of precipitation is essential when
calculating the De Martonne index. The average
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monthly values of the temperature are of less
importance, because in the middle mountain belt,
where the study station is located, high average
temperatures cannot be observed. However, for some
of the months in which the monthly amount of
precipitation was quite low, extremely low values of
the De Martonne Index were obtained (Table 3). The
highest value was observed in June 2013 and the
lowest was in July 2021. According to this result the
climate conditions in the region for the study period
varied from excessively humid to arid. It is an
interesting fact that in one year (2013) the highest
and some of the lowest values are observed. In the
recent years, low values of the De Martonne Index
have been established, due to the increase in dry
months on the one side, and on the other side, to the
higher average monthly temperatures. Similar
conditions in other Bulgarian mountains were
reported by Nikolova (2007), Nikolova et al. (2018)
and Mitkov (2019).

Table 3: Monthly values of the De Martonne
Index (mm/°C) for the period 2013 -
2021 (May- August)

Year May | Climate | June | Climate July Climate | August | Climate
2013 3 H 107 EH 46 H 4 h
2014 95 EH 46 H 60 EH 49 H
2015 34 SH 70 EH 34 SH 29 MA
2016 91 EH 15 SA 23 SA 2% MA
2017 4 H 46 H 43 H 30 MH
2018 99 EH 95 EH 67 EH 21 SA
2019 61 EH 40 H 33 HH 1 SA
2020 48 H 17 SA 2 SA 4
2021 37 MH 64 EH 3 13 SA
Average | 61 EH 56 VH 37 | MH | 21 | sA

According to the average monthly values of the De
Martonne index for the period 2013 - 2021, the
climatic conditions change from excessively humid in
May to semiarid in August (Table 3). The obtained
results are regular in relation to the intra-annual
distribution of the average monthly temperatures and
the monthly precipitation amounts, typical for
Southwestern Bulgaria. The low value in August is
also not surprising given the great Mediterranean
influence in this part of the country (Rachev and
Dinkov, 2003).

The averaging of the monthly values by years
makes possible the determination of the conditions of
humidity for the period May-August for each of the
studied years. The results show that the years with
moderately humid and humid conditions in the period
May - August prevail (Fig. 3). The years 2014 and
2018 display excessively humid conditions, while
semiarid and moderately arid conditions correspond
to May — August interval mostly in 2020 and 2021.

Even if the analysed period is quite short, the
values of the monthly De Martonne index display a
downward trend for all the months included in the
warm interval, the most significant decrease being
registered by July (Fig. 4). This is consistent with the

information rendered in IPCC reports (2014, 2021)
regarding the evolution of future climate in the Balkan
area — harsher aridity conditions especially during
summer months. In this context, which however
depends on future CO2 emissions, forests will be
affected even within this mountainous area. At
RCP8.5, temperature increase is certain (high
confidence), no matter the time span, but it is also
expected a significant change in total precipitation
amounts and in their regime — higher amounts during
winter and a substantial reduction in summer months
(Integrated Drought Management Programme in
Central and Eastern Europe, 2014). In current
conditions, the forests in the area have a low
vulnerability level based on De Martonne index, but
the optimal moisture conditions will change and forest
vulnerability will increase by 2050, respectively 2070
even at RCP4.5, vulnerability and affected surface
gradually increasing for the other two less optimistic
scgnarios — RCP6.0 and RPC8.5.
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Fig. 3: Averaged monthly (May — August) De
Martonne aridity index
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Fig. 4: Monthly values of De Martonne aridity
index and their evolution trends

Compensated Summer Ombrothermic index
(Csoi)

In the area of the studied station, for both the De
Martonne index and the ombrothermic index, the
monthly precipitation amounts for the months of May-
August are essential, while the average temperatures
have lower impact due to the limiting factor of
altitude. The values of the Compensated Summer
Ombrothermic index (Table 4) in most of the cases
show climatic conditions close to those established
based on the De Martonne index. The highest values
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of the CSOi are established for the years 2018 and
2014, when the summer precipitation was the highest
for the studied period.

Table 4: Compensated Summer Ombrothermic
index for the period 2013 — 2021 (°C)

2013 2014 2015 2016 2017 | 2018 2019 2020 2021 |Average|
CSOi 74 9.7 6.2 5.2 59 10.3 5.1 32 39 6.3
Climate type | Humid | Humid | Humid | Subh. | Humid | Humid | Subh. | Subh. | Subh. | Humid

According to the average value of the CSOQi for the
period 2013 - 2021, the climate in the region of the
station can be defined as humid. The CSOi, as well as
the De Martonne index, shows a relatively large
variation of the values in individual years - from 3.2°C
in 2020 to 10.3°C in 2018, which means a climate
closer to dry conditions in the first case and a humid
climate in 2018. However, of the four subhumid years,
three correspond to the last years included in the
analysed period.

Conclusion

The present study shows the results of the
meteorological monitoring organized on the
southwestern slope of the Pirin Mountains (Bulgaria),
analysing the influence of climatic conditions on the
distribution of the natural vegetation.

Based on one temperature index (Mayr
tetratherm) and two indices which combine
temperature and precipitation (De Martonne aridity
index and Compensated Summer Ombrothermic
index), the temperature and humidity conditions for
the warm period (May to August) are characterized.
It was found that in most of the studied years the
climate was humid, which in combination with the
results of the calculation of the Mayr tetratherm index
shows that the climatic conditions in the area are
favourable for the development of coniferous forests.

The annual course and the inter-annual variability
in air temperature and precipitation determine large
variations in the De Martonne and the Compensated
Summer Ombrothermic indices. The values of these
indices depend more on the monthly amounts of
precipitation than on changes in the temperature. In
the last two years, due to the drier summer months,
there has been a manifestation of arid climates.

Due to the short observation period (2013-2021),
it is difficult to identify a trend in climate change, but
the results show specific features of the climate in the
investigated area and can serve as a basis for further
research to answer the questions about climate
change in the mountainous regions of Bulgaria and
the influence of the climate on the distribution of the
natural vegetation. In the future, the scope of
research will be expanded to include data on winter
rainfall, which is an important factor in providing the
necessary moisture for plants.
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Abstract

Role of Green Open Space (GOS) is essential in creating a
comfortable environment in cities. It is detected using a high-
resolution satellite image, Planetscope-3A. This study aimed to
classify landcover in Banda Aceh using a multispectral
classification of Planetscope-3A image and to assess the
applicability of Planetscope-3A image to identify GOS in Banda
Aceh. The multispectral classification was used with a supervised
classification-maximum likelihood algorithm that refers to
normalized difference vegetation index (NDVI) transformation to
obtain eight landcover classes. Additionally, field observation was
used to retrieve sample points determined by Stratified Random
Sampling. The classification detected eight landcover classes
comprising non-GOS objects (water, developed, barren) and GOS
objects (trees, shrubland, herbaceous, wetland, and cultivated).
The result was combined with 128 samples data of field,
producing an accuracy of 76.036 % and a kappa value of 0.726.
Landcover was dominated by developed class with 29.739 km2 or
53.6 % of study area total with an accuracy of 94.094 %.
Furthermore, GOS in Banda Aceh included 19.589 km2 or 35.291
% of the study area, consisting of trees (6.863 km2, accuracy
79.396 %), Shrubland (8.216 km2, accuracy 59.413 %),
Herbaceous (4.132 km2, accuracy 73.564 %), Cultivated (0.291
km2, accuracy 73.475 %), and Wetlands (0.088 km2, accuracy
70.185 %). This concludes that Banda Aceh has a sufficient area
of GOS. The result of GOS detection using Planetscope-3A image
with supervised classification-maximum likelihood algorithm could
be reference data and recommendation in managing sustainable
development in Banda Aceh.

Keywords: Green Open Space, Normalized Difference
Vegetation Index, Supervised Classification, Maximum-likelihood,
Planetscope-3A

Introduction

Green Open Space (GOS) is important in creating
comfort for the public in a city. According to UU No.
26 2007, a city must have at least 30 % GOS of its
total area. GOS comprises spaces in the city, such as
an area elongated as an open path without buildings
(Ministerial Regulation of PU No. 5 2008). Banda
Aceh, the capital city of Aceh Province, Indonesia, has
a population of 270,321, based on 2019 data by the

Rezumat. Detectarea si cartografierea spatiului
deschis verde folosind imaginea planetscope-3a
cu abordarea indicelui de vegetatie si clasificare
supravegheata in Banda Aceh, Indonezia

Rolul Green Open Space (GOS) este esential in crearea unui mediu
confortabil in orase. Este detectat folosind o imagine satelit de
inalta rezolutie, Planetscope-3A. Acest studiu si-a propus sa
clasifice acoperirea terenului in Banda Aceh folosind o clasificare
multispectrald a imaginii Planetscope-3A si sd evalueze
aplicabilitatea imaginii Planetscope-3A pentru a identifica GOS in
Banda Aceh. Clasificarea multispectrald a fost utilizatda cu un
algoritm de clasificare supravegheata-probabilitate maxima care
se refera la transformarea indicelui normalizat de diferentiere a
vegetatiei (NDVI) pentru a obtine opt clase de acoperire a
terenului. In plus, observatia de teren a fost utilizata pentru a
prelua punctele de esantionare determinate prin esantionare
aleatorie stratificatd. Clasificarea a detectat opt clase de acoperire
a terenului cuprinzand obiecte non-GOS (apa, dezvoltare, aride)
si obiecte GOS (arbori, arbusti, ierburi, zone umede si cultivate).
Rezultatul a fost combinat cu 128 de probe de date de teren,
producand o precizie de 76,036 % si o valoare kappa de 0,726.
Acoperirea terenului a fost dominata de clasa dezvoltata cu 29,739
km? sau 53,6 % din totalul suprafetei de studiu, cu o precizie de
94,094 %. Mai mult, GOS din Banda Aceh a inclus 19,589 km? sau
35,291% din suprafata de studiu, constand in arbori (6,863 km?,
precizie 79,396 %), arbusti (8,216 km?, precizie 59,413 %),
ierburi (4,132 km? , cu precizie 73,564%), zone cultivate (0,291
km2, precizie 73,475 %), si zone umede (0,088 km2, precizie
70,185 %). Aceasta concluzioneaza cd Banda Aceh are o zond
suficientd de GOS. Rezultatul detectdrii GOS folosind imaginea
Planetscope-3A cu algoritm de clasificare supravegheata-
probabilitate maxima ar putea constitui date de referinta si pot fi
recomandate pentru gestionarea dezvoltdrii durabile in Banda
Aceh.

Cuvinte-cheie: Spatiu deschis verde, indicele normalizat de
diferentiere a vegetatiei, clasificare supravegheata, probabilitate
maxima, Planetscope-3A

Central Statistical Agency of Aceh Province, and it
continues to grow significantly. The massive
development after the great tsunami on December
26, 2004, has led to significant urbanization. This
condition reduces GOS by changing landcover to non-
GOS, such as built area, affecting the community’s
comfort. Therefore, a study should be conducted for
the importance of Banda Aceh's GOS in creating a
comfortable environment for the community.
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Several institutions in Banda Aceh engaged in
urban planning and development conducted GOS
identification focusing on two main methods. These
are field identification and visual interpretation using
Google Earth composed of several high-resolution
images with incomplete recording time. The main
problems of both methods are high costs in the field
operation, the long processing time, and the difficulty
in obtaining the data source (high-resolution images).

An optical sensor on a remote sensing satellite
transmits electromagnetic energy in penetrating city
objects. It produces information such as buildings and
vegetation represented by materials and leaves,
respectively. A high-resolution satellite image is the
right choice to identify surface distribution patterns
through physical city characteristics (Xian, 2016).
Therefore, Planetscope-3A is the best high-resolution
remote sensing image because it is easy and free to
access.

The small pixel size of Planetscope-3A image is
suitable for remote sensing research that requires
information on small objects, such as urban
vegetation. Larger pixel sizes could result in
misclassification because of mixed pixels and intra-
class spectral variability of vegetation and non-
vegetation, such as a building. This affects the
classification process and generates the salt and
pepper effect in landcover classes (Gadal et al, 2019).
Furthermore, Planetscope-3A contains sufficient
information, including radiometry. It is visible from a
Planetscope-3A image at level 3A Ortho Tiles, and it
means that the image has undergone radiometric and
sensor correction. This supports that satellite images
used to identify GOS should consider temporal,
spatial, spectral, and radiometric characteristics
(Cheng et al, 2019). Shimizu et al (2020) analyzed
RMSE value distribution in the Planetscope-3A image.
The study found that radiance spectral value in
Planetscope-3A fulfilled the requirements for
supervised classification without being radiometric
corrected. This image characteristic is a suitable data
source for analytical and visual applications.

GOS information of satellite images is extracted
through image processing and analysis, such as
multispectral classification and vegetation index
transformation. The process uses the spectral value
of each band, which is the characteristic of
multispectral images (Pena-Salmon et al., 2014).
NDVI is a simple index used globally to monitor
surface objects because of its ability to adapt to
variable sensor illumination, slope surface, aspect,
and other factors (Lillesand et al, 2015). The method
applies to an image with visible and infrared bands
because the spectral characteristic of the infrared
band produces a contrast appearance between
building material and natural objects, such as
vegetation, barren, and water. Multispectral
classification on satellite images automatically

categorizes all pixels into landcover classes. It
recognizes similarities of spatial and spectral pattern
with other classes, known as pixel-based classification
(Yan et al, 2006).

The objectives were addressed to achieve the aim:
(1) detecting and mapping landcover in Banda Aceh
city using Planetscope-3A image through supervised
classification-maximum  likelihood method, (2)
assessing the applicability of Planetscope-3A image for
GOS detection and mapping. The results of this study
are expected to be a reference and recommendation
in managing GOS in Banda Aceh city.

Materials and Methods

Materials

This study uses a Planetscope-3A image with 3
meters spatial resolution with the ability to record the
earth daily (revisit daily) covering 2 million km2. The
scene of Planetscope-3A image is a continuous strip
of four spectral bands with a separated near-infrared
filter, comprising blue (455-515 nm), green (500-590
nm), red (590-670 nm), and NIR (780-860 nm)
(Planet, 2020). The image was recorded on April 29,
2020, because the sky had 0 % cloud cover and is the
closest study time recorded. Moreover, the
Planetscope-3A data processing and classification
were performed using Remote Sensing and GIS
software. The image was clipped into a row of 3357
rows x 3568 columns, measuring 10.071 km x 10.704

km of Banda Aceh, which has 55.507 km2 (Fig. 1).

PLANETSC AIMAGER

Fig. 1: Study area map

Secondary data were obtained from the RBI
Topographic map on a scale of 1:50,000 used as an
administrative data source and to correct the image
geometry.

Research Method

This study consists of image processing
(Planetscope-3A), field observation (sampling) and
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accuracy assessment. Planetscope-3A image is
classified digitally using supervised classification. The
satellite image used to identify GOS should consider
image temporal, spatial, spectral, and radiometric
characteristics (Cheng et al, 2019). This image is

orthorectified and projected into UTM projection. As
a result, it is a suitable data source for analytical and
visual applications. Fig. 2 shows the complete flow
chart of research method.

raining Sample
Data Data

Landcover Interval Supervised Classification- Tentative I E T Accuracy y Green Open
Range Classification Maximum Likelihood Landcover Map Y Assessment Space maj p

Fig. 2: Study flow chart

Geometric
Rectification

Image-to-Map rectification is performed using
principle that the map used has more accurate
coordinate and projection system so that it can be a
reference by image. Applications of remote sensing
that require accurate distance, direction and area
measurements always require this type of geometric
correction. It removes geometric distortion in the
image by selecting a pair of coordinate points on the
image (row-column) and on the map (x-y / latitude-
longitude). The coefficients of the transformation
equation used to convert the image coordinate
system to the map coordinate system will be
determined (Danoedoro, 2012).

Vegetation Index Transformation
Multispectral Classification

Index transformation used in this study is NDVI
that is able to generate optimal thresholding value
from the objects reflectance in the image through the
pixel to extract vegetation information. NDVI value
range was produced through density slicing, dividing
the NDVI transformation result based on the Sturgess
formula calculation. Furthermore, the thresholding
values in the NDVI transformation are used to
determine the GOS class in the classification process.

Landcover (GOS and non-GOS) classification in

this study uses decision and class rule of The Multi-
. e

Correction: Image-to-Map

and

Shrubland class sample (95.376° BT 5.567° LU)

Resolution Land Characteristic (MRLC) Consortium
known as the National Land Cover Database (NLCD)
(Anderson et al, 1976). The classification applied in
this study is Maximum Likelihood. It evaluates a
quantitatively spectral response pattern to an
unknown pixel (Lillesand et al, 2015). Similarly,
Kopecka et al (2017) applied supervised classification
using the Maximum Likelihood algorithm combined
with vegetation index and extracted vector data to
form variation values of vegetation.

GOS classification: Training Data Selection,
Sampling, and Accuracy Assessment

Training data are produced in the classification
process, representing each landcover object.
Determining training data representing field objects
in the form of pixels refers to the latest research. ESRI
(2019, a) and ESRI (2019, b) recommended that each
class is from 15 to 20 polygons with three main
objects. These include trees in the city, herbaceous in
gardens, buildings, other places, and green space at
sports facilities such as golf or football. Moreover, in
Jensen (2015), the total of training data is from 10n
to 100n pixels, where “n” is the total of image bands
used (Vigneshwaran & Kumar, 2019). Fig. 3 shows the
spectral pattern recognition in the field and the
image.

Herbaceous class sample (95.374° BT 5.566° LU)
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Wetlands class sample (95.363° BT 5.583° LU)

Barren class sample (95.361° BT 5.582° LU)

Fig. 3: Spectral pattern recognition in the field and the image for landcover classification

In the spectral pattern recognition, to determine
the training data of landcover classification, a pixel
with the same reflectance and emission value
considered as same class is assumed to represent
certain surface objects. Additionally, spatial pattern
recognition involves the category of image pixel
based on the relationship with texture, pixel
proximity, size, shape, direction, and iteration pattern.
The shape of training data is adjusted to the spatial
pattern of objects in the image, such as point, line,
and ponn.

Water ROI

Barren ROI Wetlands ROI

Sample point distribution was determined using
the Stratified Random Sampling method. This method
was adopted from Danoedoro (2015), which
examined the effect of the sampling method on the
accuracy level of the classification result. Sample
points of random sampling method were distributed
randomly considering the number equality of each
landcover class. The objects in the sampling process
were selected based on the clarity of their spatial and
spectral characteristic in the image. For instance, for
13 or fewer classes, the method uses the formula 8n,
where “n” is the number of classes. Also, 8 is the

Fig. 4 shows the results of training data selection
in the selected objects of most study areas for
landcover classification. Training data of point and
line were used for mixed pixels with different objects
that can be seen clearly by spectral properties, and
training data of polygon was used for same objects
with slightly different pixel color and value such as
river that has different water clarity level which these
are still categorized as water body class. Number of
pixel included in training data is at least 100 pixels.

T

Herbaceous ROI

Shrubland ROI

Fig. 4: Training data / ROI selection for landcover classification of supervised classification

minimum number of classes and could increase
according to the researchers’ ability and necessity.
Accuracy assessment is hecessary because a map
produced by image classification must be checked in
the field. The checking focuses only on objects which
classification could not be agreed upon and labeled
correctly (Stephen in Congalton & Green, 2019). The
assessment results were intersected with polygon
classes from supervised classification. Every sample
point represents two  attributes, including
classification and field reference classes. The
accuracy assessment values are summarized into
Overall Accuracy and Kappa coefficient. Overall
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accuracy shows the producer and user accuracy of
the confusion matrix table, while the kappa coefficient
method is suitable to compare differences in matrix
error. The kappa coefficient method provided a
statistically valid assessment of the overall class
accuracy result (Abdelkareem et al, 2018). The Kappa
index is calculated using the following Eq. 1.

T T
_ N¥i=1 Xll_2i=1xi+X+i)

k= NZ-3T_ XiyX40) 1)

Where,

r = number of rows or columns in confusion
matrix,

N = number of observations (pixels),

X_ii = number of observations in row i and
column i,

Xi+ = total number of row i,
X+i = total number of column i

Results

NDVI Transformation

This stage produced vegetation index map of
Banda Aceh (Fig. 5). Each statistic value of bands was
changed to transformed image to obtain the
Minimum, Maximum, Means, and Standard Deviation.
Minimum values in pure image range from 1 to
undefined maximum value, with a Mean of
813.444662 and a Standard Deviation of 308.458615.
Moreover, the values change due to NDVI
transformation, showing real reflectance ranging
between -1 and 1. They represent vegetation density,
which minimum and maximum values are -0.948133
and 0.999380, respectively, with a Mean of 0.253812
and a Standard Deviation of 0.248943. The statistical
value of infrared and red bands is consistent with
reflectance characteristics. The infrared value is
highly different from the other bands, making it
suitable for the NDVI index separating vegetation and
non-vegetation objects. It generated five classes,
representing eight objects to be classified as
landcover classes. Fig. 5 shows the distribution of
vegetation density.

Fig. 5: Vegetation density of NDVI transformation

The green colors in Fig. 5 show high vegetation
density approaching 1, while white colors show
degradation of vegetation density, and the absence of
vegetation is clearly seen in the water body area and
around buildings. Although NDVI threshold values are
a reference in classification, they are not absolute
because they must be validated with field data.
Determination of NDVI value range refers to some
latest researches, such as Lee et al (2020). The

research determined the NDVI value range at some
landcovers using the Top of Canopy reflectance value
of the KOMPSAT-3A image. Fig. 6 shows the NDVI
threshold value of landcover classes.

Fig. 6 shows field objects following the range of
vegetation index. The combination of bands helps in
maximum reflectance and absorption by vegetation
objects which shows the density aspect.
Determination of field objects against vegetation
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index must be distributed in many locations of the
study area. For instance, Banda Aceh has the
similarity between pond, turbid and clear river water.
In Figure 6, turbid water in the river has a value of -
0.210652, indicating that the range value must
represent all of them. Furthermore, trees,
herbaceous, cultivated, and wetlands have a similar
appearance in color and pattern, though they have
different NDVI values. It shows that the
determination of vegetation status and object in an
area must use index vegetation. The result indicates
that vegetation index transformation produces

Water (-0.210652)

Barren (0.158187)

detailed information of vegetation objects, including
density and condition. Additionally, the determination
in vegetation index would be better and more valid
when analyzed against many field objects.

These ranges are modified and combined referring
Gandhi et al. (2015) and Weier & Herring (2000).
Determination of vegetation density interval uses
Sturgess formula to reduce the maximum value to a
minimum and divide it by the desired number of
classes. Table 1 shows the NDVI range to vegetation
density level.

Herbaceous (0.671117)

w

Wetlands (0.519759)

Fig. 6: NDVI threshold and objects

Table 1 NDVI threshold ranges to vegetation density and object

NDVI Range

Vegetation Status

Object

-0.426981 — 0.271762
0.271762 — 0.462332
0.462333 — 0.589377
0.589378 — 0.652898
0.652899 — 0.843467

Non vegetation

Low density vegetation
Rather low density vegetation
Medium density vegetation
High density vegetation

Water, Barren, Developed
Cultivated

Wetlands

Shrubland, Herbaceous
Trees

The NDVI values in the study area range between
-0.426981 and 0.843467. Moreover, the NDVI
determination shows vegetation status of GOS in
Banda Aceh. All vegetation status is adjusted with the
number of objects to be classified. The landcover

classification was divided into eight classes, including
Water, Developed, Barren, Forest or High-Density
Tree, Herbaceous, Shrubland, Cultivated, and
Wetlands referring to National Land Cover Database
2016.
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Range between -0.426981 and 0.271762 indicates
water, barren, and developed objects. Also, four NDVI
ranges show respectively vegetation status of low
density ranging between 0.271762 and 0.462332
indicating cultivated. Vegetation status of rather low
density ranges between 0.462333 and 0.589377,
indicating wetlands. Furthermore, medium-density
ranges between 0.589378 and 0.652898, indicating
objects of shrubland and herbaceous, while high
density ranges from 0.652899 to 0.843467, indicating
trees.

GOS Classification

Fig. 7 shows the tentative landcover map resulted
from supervised classification-maximum likelihood

754000 757000
1 1

containing eight object classes. The landcover map
(Fig. 7) shows the spatial distribution of the GOS
classes (Trees, Cultivated, Wetlands, Herbaceous,
Shrubland) and non-GOS classes (Water, Developed,
Barren) within Banda Aceh. Landcover was
categorized based on the similarity of objects
characteristics. For instance, turbid, clear, puddle, and
pond water were categorized into water classes.
Moreover, parks, gardens, city forests, and buildings
with dense trees were categorized into trees classes.
Asphalt and cobblestone roads, road median,
roadsides without trees, and buildings were
categorized into developed classes. These were
performed to reduce misclassification.

763000
1

LANDCOVER MAP OF

PLANETSCOPE-3A IMAGERY
BANDA ACEH CITY, ACEH PROVINCE
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Fig. 7: Tentative landcover map of supervised classification-maximum likelihood in Banda Aceh

The landcover distribution (Fig. 7) is in line with
the field conditions. Pond areas categorized into
water class are on the coastal. The areas with many
buildings categorized into developed classes are in
the city center and densely populated areas.
Furthermore, GOS of roadside and riverside follow the
main road and river patterns. Table 2 shows the result
of classification divided in the landcover class and
area.

The preliminary landcover classification result
shows that GOSs are distributed in some places in the
city, such as road medians, roadsides, building yards,
riversides, parks, and gardens.

The total vegetation area or GOS is 19.669 km2 or
35.435 % of the region, consisting of 6.923 km2 of
trees, 8.257 km2 of shrubland, 4.182 km2 of
herbaceous, 0.298 km2 of cultivated, and 0.010 km2
of wetlands.
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Table 2 Tentative landcover area of
supervised classification

Area
No Landcover Class per Class (k.::;; I
(km?)
1 Non- Water 6.044
2 GOS Developed 29.708 35.838
3 Barren 0.086
4 Trees 6.923
5 Shrubland 8.257
6 GOS Herbaceous 4.182 19.669
7 Cultivated 0.298
8 Wetlands 0.010
Total 55.507 55.507

Additionally, the total non-vegetation area or non-
GOS is 35.838 km2 or 64.565 % of the region,

754000 757000
1 1

consisting of 6.044 km2 of water, 29.708 km2 of
developed, and 0.086 km2 of barren.

Sampling and Accuracy Assessment

Fig. 8 shows map of sample point distribution in
the study area. Accuracy assessment of this study
selects 128 samples using the 16n formula, where
each class has 16 samples. Point sample (white dot)
retrieval represents a polygon-shaped class in the
field and requires a landcover delineation process
using the high resolution as reference data.
Therefore, random stratified sampling represents
each landcover class. Furthermore, the selected
sample locations included wide and homogeny
landcover classes.

760000 763000
1 1
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|
754000

757000

U U
760000 763000

Fig. 8: Sample distribution in the study area using Stratified Random Sampling

Table 3 shows that some cells have values while
others do not. The values show the classification
accuracy, similarity, and difference among landcovers
with reference data from field checking and visual
interpretation. The highest value is 89.990% at the
Barren class, and it means that field objects are
detected easily by the classification process and are

different from other objects in the image. The lowest
value is 59.413% at the Shrubland class, which is
similar to the herbaceous class. Also, it could be
proven by values in the cell of herbaceous on the
classification row and reference column of 14.241%.
This is consistent with visual interpretation finding
that herbaceous and shrubland objects are similar.
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Table 3 Confusion matrix of landcover classification data against reference data

Reference
Water Developed Barren Trees
Classificati

Shrubland Herbaceous  Cultivated Wetlands Total
Water 68.17 100
5 13.011 0.111 0.434 0 0 6.250 12.019
Developed 0 89.990 3.868 4.534 0.782 0.826 0 0 100
Barren 1.011  0.39 94.094 1.133 0 3.365 0 0 100
Trees 2.280  6.746 1.569 79.396  1.113 0.879 2.139 5.879 100
Shrubland 1.466  5.395 4,693 4,345 59.413 14.241 9.611 0.837 100
Herbaceous 0 2.316 3.234 12.428 5.482 73.564 0.423 2.554 100
Cultivated 0 1.675 0 5.561 0 11.848 73.475 7.441 100
Wetlands 8394  2.230 0.117 7.295 1.350 1.338 9.091 70.185 100
Total 81.326  121.758 107.685 115.1267  68.138 106.062 100.988 98.915 800
This study conducted quantitative positional and
thematic accuracy assessments to evaluate the validity The overall accuracy of the supervised

of field objects on the map and their labels. The
accuracy assessment involves overlaying reference
data source of landcover classification map with field
sample data. Also, it overlays the result of visual
delineation using the high-resolution image including
Planetscope-3A and Google Earth image. The
assessment was performed on most landcovers in the
study area as important pixels to assess the truth level
of the classification process. The overall classification

accuracy is calculated as shown in Eq. 2.
608.292

Overall accuracy = —=-=x 100 = 76.036 % (2)

Table 4 Producer’s accuracy and user’s accuracy

classification-maximum likelihood algorithm is 76.036
%. The detailed accuracy for each class is
summarized in the producer and accuracy table. The
producer’s accuracy comprises the field objects
present on the map, while the user’s accuracy
consists of objects on the map found in the field.
Omission and commission show a mismatch between
map and field (100 % — Accuracy). Table 4 shows the
presence of producer’s and user’s accuracies in this
study.

Producer accuracy

User accuracy

Class Omission Comission
Accuracy Error Accuracy Error
Water 83.829 16.171 68.175 31.825
Developed 73.909 26.091 89.990 10.010
Barren 87.379 12.621 94.094 5.906
Trees 68.964 31.036 79.396 20.604
Shrubland 87.194 12.806 59.413 40.587
Herbaceous 69.359 30.641 73.564 26.436
Cultivated 72.756 27.244 73.475 26.525
Wetlands 70.954 29.046 70.185 29.815

Based on Table 4, the value on Barren class shows
the highest producer accuracy of 87.379 %, while
Trees class shows the lowest producer accuracy of
68.964 %. This indicates that trees objects are
difficult to detect in the image because of the mixed
pixel with other vegetation objects. Similarly, the
Barren class shows the highest user accuracy of
94.094 %, while the Shrubland class shows the
lowest accuracy of 59.413 %. This means that
Shrubland objects in the image are not consistent
with the field.

The Kappa coefficient determines the
multispectral classification accuracy to approve the
strength of agreement between classification results
with field objects. Table 5 shows the relationship
between Statistic Kappa and the Strength of
agreement. This study produces a Kappa coefficient

of 0.726, shown in Table 4, it means that this
classification has substantial strength of agreement.
The small Kappa coefficient and overall accuracy gap
mean that the classification process has fulfilled the
term. Therefore, 76.036 % of landcover classification
accuracy assessment is not coincidental.

Table 5 Interpretation of kappa statistic for
the strength of agreement (Landis &
Koch, 1977)

Kappa statistic

Strength of

(K) agreement
<0.00 Poor
0.00 -0.20 Slight
0.21 -0.40 Fair
0.41 - 0.60 Moderate
0.61 - 0.80 Substantial
0.81 -1.00 Almost perfect
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Landcover classification using Planetscope-3A

image in Banda Aceh has shown good results in the
overall accuracy and kappa coefficient. It detects GOS
objects up to small locations, such as trees, grass
near buildings, riversides, roadsides, and road
medians. However, these small objects mix with
developed objects in some locations, such as roads

The cultivated object around buildings

Mixed GOS objects of tree, shrubland,
and herbaceous against building

" e 8

»

Wetlands object which 1s distinguished
with cultivated

and barren. Fig. 9 shows GOS objects detected on the
image. The good results of 76.036% overall accuracy
and 0.726 Kappa coefficient show the suitability of

Fig. 9: GOS objects detected of supervised classification

Small and identical objects, such as wetlands,
herbaceous, and shrubland, significantly influence
GOS. Therefore, Planetscope-3A is a fixed reference
for temporary identification in GOS.

Discussion

Reinterpretation

Planetscope-3A image with 3 meters spatial
resolution for GOS detection in Banda Aceh.

h'

A |

Mixed objects between shrubland and
herbaceous

‘-‘
Reinterpretation  further  strengthens  the

classification result by using 16 sample data at each
field landcover and 128 total sample data.

The area changes of each landcover class
reinterpreted against the initial interpretation are very
small, as shown in Table 6. The reinterpretation
process changes the areas of landcover in the form of
pixels.

Table 6 Landcover area based on reinterpretation process

No Landcover Class Area Chzange Area per Class Total Area
(km?) km?2 % km?2 %

1 Water - 0.016 6.060 10.918

2  Non-GOS Developed - 0.031 29.739 53.577 35.918 64.709
3 Barren - 0.033 0.119 0.214

4 Trees + 0.060 6.863 12.364

5 GOS Shrubland + 0.041 8.216 14.802 19.589 35.291
6 Herbaceous + 0.050 4.132 7.444

154



Forum geografic. Studii si cercetari de geografie si protectia mediului

Volume XX, Issue 2 (December 2021), pp. 145-159
http://dx.doi.org/10.5775/fg.2021.034.d

7 Cultivated + 0.007 0.291 0.524
8 Wetlands - 0.077 0.087 0.157
Total 0 55.507 100 55.507 100

Reinterpretation is considered as the final GOS
classification result because it combines supervised
classification and field data. The reinterpretation

results shows the total areas of non-GOS is larger
than GOS, it is about 35.918 km2 or 64.709% and the
GOS is about 19.589 km2 or 35.291% (Fig. 10).

A

= GOS

m Non-GOS

B

1.486% 0.444%

|

21.093%

Herbaceous = Cultivated = Wetlands

u Trees = Shrubland

Fig. 10: Proportion between GOS and non-GOS in Banda Aceh (A) and proportion of GOS
types in Banda Aceh (B) based on the supervised classification

However, according to the government rule and in
scale of city, Banda Aceh has reached the standard in
providing GOS to the public with more than 30% of
the minimum city GOS. Table 7 shows clearly the GOS
distributed in each sub-district in Banda Aceh.

Table 7 shows that each sub-district in Banda
Aceh has sufficient GOS. Syiah Kuala sub-district has
the most GOS with an area of 4.490 km2 which it is
most strongly influenced by the existences of schools

Table 7 Number of GOSs per sub-districts

and universities, however in terms of the percentage
of sub-district area, Banda Raya and Kutaraja sub-
districts have the highest percentage of GOS with
44.570% and 44.564% respectively. Fig. 11 shows
the GOS map and Fig. 12 shows the non-GOS map
respectively.

The GOS density map of Banda Aceh obtained
from supervised classification-maximum likelihood
can be seen clearly in the following map (Fig. 13).

No Sub-district GOS Class GOS Area (ha) Total (km?) Percentage (%)
Trees 71.526
Shrubland 141.250

1 Meuraxa Herbaceous 55.432 2.691 42.752
Cultivated -
Wetlands 0.890
Trees 58.896
Shrubland 79.350

2 Jaya Baru Herbaceous 52.219 1.937 42.623
Cultivated 2.082
Wetlands 1.152
Trees 92.413
Shrubland 83.467

3 Banda Raya Herbaceous 44.160 2.437 44.570
Cultivated 22.508
Wetlands 1.115
Trees 48.965
Shrubland 48.170

4 Baiturrahman Herbaceous 21.170 1.196 29.265
Cultivated 0.241
Wetlands 1.039
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Trees 69.753
Shrubland 49.447

5 Lueng Bata Herbaceous 22.568 1.428 32.862
Cultivated 0.193
Wetlands 0.863
Trees 58.522
Shrubland 45.046

6 Kutaraja Herbaceous 21.849 1.264 44.564
Cultivated -
Wetlands 0.948
Trees 105.157
Shrubland 60.529

7 Ulee Kareng Herbaceous 34.197 2.034 39.851
Cultivated 3.499
Wetlands -
Trees 63.925
Shrubland 101.421

8 Kuta Alam Herbaceous 45.836 2.112 22.740
Cultivated -
Wetlands -
Trees 117.400
Shrubland 213.209

9 Syiah Kuala Herbaceous 116.057 4.490 33.044
Cultivated 0.902
Wetlands 1.400

Total 19.589 36.919

763000

Fig. 11: GOS map of Banda Aceh based on supervised classification-maximum likelihood
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Fig. 12: Non-GOS map of Banda Aceh based on supervised classification-maximum likelihood
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Fig. 13: GOS density map in Banda Aceh
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Evaluation of Classification Result

Factors affecting the interpretation accuracy are
the difference between image recording and the
study time. However, small objects such as vegetation
have no significant effect because the study area is
not highly developed. Therefore, the highest accuracy
level on the Barren class is not an absolute result
because it results from the classification accuracy and
landcover area. Also, few pixels are categorized as
barren, reducing the possibility of misclassification.
Moreover, when landcover total area is used as an
assessment factor, the trees class has the highest
accuracy of all the GOS objects. The number of field
sample data improves classification accuracy,
especially for similar objects, such as shrublands with
herbaceous and wetland with water.

Conclusion

The following conclusions are made in this study:

1. Supervised classification-maximum likelihood
method is suitable to detect the landcover, especially
vegetation, to determine the distribution of GOS.

2. NDVI transformation  contributes to
supervised classification because the value ranges of
vegetation and non-vegetation are useful in
determining training data distribution.

3. Based on the classification result, Banda Aceh
is covered mostly by non-vegetation object classes
with 35.838 km2 or 64.709 % of the total area. Also,
the region has GOS with 19.669 km2 or 35.291 %,
with an overall accuracy of 76.036 % and a kappa
coefficient of 0.726. This indicates that the area has
sufficient GOS.

4. The stratified random sampling method
showed consistency of sampling results and an
adjusted total of class and it is useful for improving
the results of image classification. Therefore, the
minimum field sample data is recommended at least
16n in future research.

This study could be reference for the future
research to detect landcover objects in Planetscope-
3A image, especially GOS objects. The landcover
classification is able to show the social condition in an
area based on the availability of GOS. Therefore,
future research should develop the state-of-the-art of
remote sensing image processing, such as fusion
technique that is able to enhance the spatial and
spectral resolution. This study could be continued to
more accurately identify the effect of GOS on public
social conditions for a sustainable environment.
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Abstract

The study aims to identify the main gaps in conservation and
proposes objectives in the management of protected areas. The
physical characteristics of the protected area, the land use, the
identification of current pressures and future threats are analyzed .
Geomorphological and geological analysis is the component that
highlights the correlations between relief and the distribution of
habitat types. Among the features that make it unique in the
Carpathian landscape, the protected area consists of a very
rugged calcareous ridge with calcareous rocky slopes and
chasmophytic vegetation, alpine calcareous grasslands and a
habitat of community interest consisting of forests with Larix
decidua(the largest larch area in the Romanian Carpathians). The
site is also home to a viable population of large carnivores ( Ursus
arctos, Canis lupus, Lynx lyny.

The main current pressures that are also mostly identified as
future threats to the site are intensive grazing, the extension of
access roads, poaching, creating of canditions for invasive
species, reduction of habitat connectivity due to anthropogenic
causes, antagonism with domestic animals, and off-road driving
of the motor vehicles.

Future threats are anticipated due to growing forestry activities,
with a negative impact especially by complete deforestation,
which is favoured by the restitutio in integrum of forests to the
private domain without any conditionality for those that lie within
the protected natural areas.

Intensive grazing leads to grassland degradation (impoverishment
in species, changes in plant association). Among the proposed
conservation measures we mention: strict control of grazing
livestock and grazing period, payment of compensation for private
forests with high conservation value, limitation of buildings and
access roads in the high areas

Keywords: protected areas, Natura 2000 network, habitats
of community interest, conservation, habitat management, large
carnivores, Larix decidua, invasive species, Tarnovu Mare,
/DWRUL.D

Introduction

The European ecological network Natura 2000 has
its main purpose to maintain the favorable
conservation status of certain species and types of
natural habitats, in accordance with the European
directives. The Birds Directive (79/409/EEC,
2009/147/EC) and the Habitats Directive (92/43/
EEC) set the objective of establishing a European
nature conservation network NATURA 2000

DFFHSWHG RQ

Rezumat. Identificare a lacunelor in conservare
L PDQDJHPHQWXO KDELWDWHOF
Tarnovu Mare - /I DWRUL D

6WXGLXO XUP UH,WH V LGHQWLILFH SUL
propune obiective Tn managementul ariilor protejate. Sunt
analizate caracteristicile fiice ale ariei protejate, modul de
XWLOLIDUH D WHUHQXULORU LGHQW
DPHQLQ. ULORU YLLWRDUH $QDOL]D JH
FRPSRQHQWD FH HYLGHQ LD] FRUHOD.
tipurilor de habitate. intre FDUDFWHULVWLFLOH FD
vQ SHLVDMXO FDUSDWLF DULD SURWHNM
FDOFDURDY IRDUWH DFFLGHQWDW DY
LOQWHUHY FRPXQLWDU YHUVDQ.L FDOFI
SDML,WL DOSIHQH BSD@ED#deda cel maiextins
DUERUHW GH ]DG GLQ &DUSD.LL 5RPk
SRSXOD.LH YLDELO G Wrsad &dapk, YCFakiH/ugE)
Lynx lynx).

Principalele presiuni actuale care sunt identificate Tn mare
PDMRULMWD WPHQLQ. UL YLLWRDWXQWDSD G
intensiv, extinderea drumurilor de acces, braconajul, crearea de
FRQGL.LL SHQWUX DSDUL.LD VSHFLLORLU
de habitat din cauze antropice, antagonismul cu animalele
domestice, conducerea vehiculelor in afara drumurilor.
$PHQLQ. UL YLLWRDUH VXQW DQWLFLSD
FUH,WHUH FX XQ LPSDFW QHJDWLY PDL
IDYRUL]DWH GH UHVWLWXLUHD LQWHJUD
| U QLFLR FRQGL.LRQ PR Qiflare Diwdadrd HQloy L
QDWXUDOH SURWHMDWH 3 ,XQDWXO LQ
SDML,WLORU UXGHUL]DUHD ,L V U FLUH
DVRFLD.LH YHJHWDO

IQWUH P VXULOH GH FRQVHUYDUH SURS
efectLYHORU GH DQLPDOH FDUH S ,XQHD]
SODWD FRPSHQVD.LLORU SHQWUX S GXU
FRQVHUYDUH OLPLWDUHD FRQVWUXF.LL
vQDOW

Cuvinte -cheie: DULL SURWHMDWH U Habitrx L
de interes comunitar, conservare, managementul habitatului,
carnivore mari, Larix decidua, specii invazive, Tarnovu Mare,
LaWRUL.D

(ec.europa.eu/environment/nature/natura2000 and
www.natura.org), initially consisted of special
avifauna protection areas (SPAs) under the Birds
Directive and sites of Community interest (SCIs)
under the Habitats Directive (Primack et al., 2008).
Currently, in Romania, there has been established
the status of protected natural area of community
interest for a number of 610 Natura 2000 site s, of
which: 462 sites of community importance (SCIs) and
148 special avifauna protection areas (SPAs). Natura
2000 sites occupy about 25,4% of Romania's surface.
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Although this percentage is high, studies on the have the best representation in the Western
effectiveness of conservation in the protected areas Carpathians (29% and 26%, respectively).

in Romania have highlighted the problems they are Within the Southern Carpathians, 162 protected
currently facing (loja et al., 2010; Knorn et al., 2012; natural areas were designated, out of which 135
Kuemmerle et al, 2009 Marinescu et al., 2013; protected areas of national interest: 6 national parks
3 WURHVFX HW DO <RXQJ HW(Me@a Craiului, Cozia, Buila9kQWXUDUL.D 7KH

Within the Romanian Carpathians, sites of Gorge, Retezat, DomogledValea Cernei), 3 natural
community importance cover the largest area (120 parks (BucHJL *U GL,WHD-&QXRFBRKIOXDL -DU
sites, 42.42% of the surface of the Romanian +D.HIJXOXL 'LQRVDXU *HRSDUN DQG C
Carpathians), followed by the special avifauna and nature monuments. Protected natural areas of
protection areas (31 sites, 30.13%), 9 natural parks ~ community interest comprise 27 Natura 2000 sites.
(23.60%), 12 national parks (19.72%), and various The Natura 2000 site Tarnovu Mare - / DWRUL.D LV
nature reserves and nature monuments (3.11%). located in the central-southern part of the Parang-

Natura 2000 sites have the highest share in the  Cindrel mountain group (Figure 1) and has an area of
Southern Carpathians (63% SCI and 34% SPA, 1,366 ha.
respectively), while national parks and nature parks

LEGEND
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Fig. 1: Location of the Natura 2000 site Tarnovu Mare - /DWRUL.D LQ WKH FHQWUDO SDUW [

Southern Carpathians

The central geographical coordinates of the on the forest road that goes up to Gr RSL.D VDGGOH
SURWHFWHG QDWXUDO DUHD D UWHm th@ south<acckss tb tDessite can be made on

2 ; < ( 7KH PLQLPXwithidthe siw i G the Repedea valley following the roads that reach the
683 m and the maximum altitude is reached at the = Tarnovu Mic and Tarnovu Mare sheepfolds.
top of Tarnovu Mare (1,863 m). Among its biotic and abiotic characteristics that

Tarnovu Mare- / D W RNAturd2000 site is located  give it uniqueness in the Carpathian landscape, the
in the alpine biogeographical region (European Topic Tarnovu Maree/DWRUL.D VLWH FRQVLVWYV RI |
Center on Nature Protection and Biodiversity) calcareous ridge located at over 1700 m altitude with
together with nine other Natura 2000 sites from the chasmophytic vegetation on limestone rocks (Natura
Parang-Cindrel mountain group (Figure 2). 2000 code 8210) and a habitat of community interest

The site is accessible from the national road 7 A, consisting of Larix decidua forests (Natura 2000 code
IURP ZKHUH WKH URDG JRHV XS R%@20VKH /DWRUL.HL YDOOHN\
to the Petrimanu reservoir. The access points from These valuable ecosystems for biodiversity and
/IDWRUL.D YDOOH\ DUH ORFDWHG Ldgntfukd corisetVetioz Hane WoriRalte8 L ovQetH and
YLOODJH DW WKH FRQIOXHQFH R Imabegéer Uh . @dé QG aéhieve RideH abfeddive of
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