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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 Curmătura Buhăescului 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 

Rezumat. Imbinarea abordării geomorfologice și 
a monitorizării termice pentru cercetarea 
permafrostului în Munții Rodna, Carpații 
Romanești de nord 

Acest articol își propune să verifice posibilitatea prezenței 
permafrostului în Munții Rodnei prin studiul distribuției și 
caracteristicilor ghețarilor de pietre și prin monitorizarea 
temperaturii la suprafața solului și a temperaturii izvoarelor 
montane la sfârșitul verii. Ghețarii de pietre au o desitate scăzută 
între 1670 and 1960 m altitudine, au o morfologie complet relictă 
chiar și la cele mai mari altitudini indicând faptul că sunt forme de 
relief moștenite din alte perioade geologice. Regimul termic indică 
permafrost improbabil în trena de grohotiș din Valea Bila (1844 m 
altitudine) dar oferă un rezultat neclar în trena de grohotiș 
Curmătura Buhăescului (1980 m altitudine) unde temperature 
medie în perioada BTS este deasupra pragului de -2°C într-unul 
din cei doi ani monitorizați. Temperatura izvoarelor este de peste 
3°C în toate siturile indicând absența permafrostului. Rezultatele 
termice din peretele circului Iezeru Pietrosu este afectat doar de 
îngheț sezonier pentru o perioadă de aproape 9 luni pe an. 
Condițiile climatice trecute și actuale au fost și sunt mai blânde în 
Munții Rodna în comparație cu cele din masivele înalte din Carpații 
Meridionali, efectul de latitudine nefiind complet compensat de 
altitudinile mai reduse. 

Cuvinte-cheie: ghețari de pietre, permafrost alpin, GST, 
cercetare geomorphologică, Munții Rodnei, Carpații Românești 

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 

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 (González‐Gutiérrez 

Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XX, Issue 2 (December 2021), pp. 127-137 (11)
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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 
(Kędzia, 2014), but permafrost creep with very low 

movement rates was proved to exist in Southern 
Carpathians rock glaciers (Vespremeanu-Stroe et al., 

2012; Necșoiu 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; 

László 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 

Năsăudului Hills and Bârgăului Mountains to the 
south, by Suhard and Maramureșului Mountains to 

the east, by Maramureșului Depression to the north 
and Țibleș Mountains to the west (Figure 1).  

Fig. 1: Location of the two study areas in Rodna mountains: Pietrosu-Buhăescu 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 

Maramureșului Depression and gently inclined slopes 
in the south, towards the Someșul 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 (László 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 

(Dragotă 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) (Kłapyta 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 (Mîndrescu 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 

(Mîndrescu, 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 Bistrița 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, Kräutner 
(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). 

Pawłowski (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. Pawłowski 
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., Donisă, 

1968), a new stage in geomorphological research in 
Rodna Mountains was marked by the complex, more 

modern study carried out by Sîrcu (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 

Forum geografic. Studii și cercetări de geografie și protecția mediului 
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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 Sîrcu (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 Cobășel 

and Negoiescu valleys and indicate that active rock 
glaciers should be present in Rodna Mountains above 

2100-2150 m asl (Ichim, 1978). While Sârcu (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 (Mîndrescu et al., 

2010; 2014), sackung landforms (Mîndrescu and 

Cristea, 2011), glacial landforms (László et al., 2013) 
glacial reconstruction and deglaciation chronology 

(Gheorghiu, 2012, Kłapyta 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 Iezeru Pietrosu 
headwall, ii) Buhăescu Mare cirque moraine (bellow 

Curmătura Buhăescu) in the western part of the range 

and iii) cirque Bila rock glacier (at foot of Pleșcuța 
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 Buhăescu 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 

(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).

Fig. 2: Types of rock glaciers identified in Rodna Mountains: Bila 2 (A), Repedea (B), Cobășel 

(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 Curmătura Buhăescului 
(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 

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 László 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, 

Cobășel 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). 

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 Curmătura Buhăescu 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-Buhăescu 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 Căldarea Putredu glacial cirque 
(north-facing), and below the Șaua 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 (Mîndrescu 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 Curmătura Buhăescului 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 Curmătura Buhăescului 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 

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. 

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 Buhăescu 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 Buhăescu 

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 Tarnița 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). 

 

Fig. 7: Spring water temperatures measured 
at Bila and Buhăescului 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-

Buhăescu 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 Curmătura Buhăescului 

(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 

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

Lucrarea caracterizează condițiile termice și de umiditate în unul 
din arealele insuficient investigate din punct de vedere climatic ale 
Bulgariei și anume versantul sud-vestic al Munților Pirin. Datele 
inițiale pentru studiu (temperaturile lunare și cantitățile de 
precipitații) au fost obținute de la stația proprie de monitorizare 
meteorologică pentru perioada 2013-2021, organizată de 
Departamentul de Climatologie, Hidrologie și Geomorfologie, 
Universitatea din Sofia, Bulgaria. Prin calculul tetratermei Mayr 
(MT), indicelui de ariditate lunar De Martonne (Im) și indicelui 
ombrotermic compensat de vară (CSOi) se stabilește 
predominanța condițiilor de umiditate în zona studiată. Există o 
variabilitate interanuală mare a indicelui de ariditate De Martonne 
și a indicelui ombrotermic compensat de vară, care sunt mai 
influențați de cantitatea de precipitații decât de temperatura 
aerului în zona mediană munților. Pe de altă parte, în combinație 
cu cantități mici de precipitații, temperaturile ridicate din ultimii 
ani au contribuit la manifestarea caracteristicilor aride ale climei. 
Rezultatele studiului completează informațiile insuficiente despre 
caracteristicile bioclimatice ale Munților Pirin și clarifică 
particularitățile climei montane din zonă, unde se evidențiază 
două macropante cu expunere vest-sud-vest și est-nord-est. 

Cuvinte-cheie: Tetraterma Mayr, indicele De Martonne, 
indicele ombrotermic compensat de vară, Munții Pirin 

 

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; Vlăduţ 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 

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; 

Török-Oance & Török-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 

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).

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 (Vlăduț, 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 =
∑(𝑡5 + 𝑡6 + 𝑡7 + 𝑡8)

4
 

where 8765 tttt +++  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, Radaković 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): 

𝐼𝑚 =
12𝑝

𝑡 + 10
 

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≤ Im ≤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 

(CSOi) 
For the calculation of Compensated Summer 

Ombrothermic index (CSOi) the following formula was 

used (Rivas-Martínez, 1996; Saha et al., 2016): 

𝐶𝑆𝑂𝑖 =
𝑃5 + 𝑃6 + 𝑃7 + 𝑃8

𝑇5 + 𝑇6 + 𝑇7 + 𝑇8

 

 
where: 𝑃5 + 𝑃6 + 𝑃7 + 𝑃8 is the sum of monthly 

precipitation for the period May – August in mm, and 
𝑇5 + 𝑇6 + 𝑇7 + 𝑇8 is 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: Vlăduţ 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). 

 

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) 

 
 
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 

scenarios – RCP6.0 and RPC8.5. 

 

Fig. 3: Averaged monthly (May – August) De 

Martonne aridity index 

 

 

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) 

 
 
According to the average value of the CSOi 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. 

Acknowledgements 

This work has been carried out in the framework 

of the “Environment under climate change in the Pirin 

Mountain“, contract N ДН 14/6, 13.12.2017, financed 
by National Scientific Fund, Ministry of Education and 

Science – Bulgaria. 

References 

Andrade, C., & Corte-Real, J. (2016). Aridity 

conditions in the Iberian Peninsula during the XX 

century. International Journal of Environmental 
Science, Vol. 1, 52-58. ISSN: 2367-8941 

Atanassova, J., & Stefanova, I. (2005). Late 
Holocene vegetation changes in the northern 

Pirin Mountains (southwestern Bulgaria). 
Palynological data from Lake Suho Breznishko 

and Lake Okadensko. Geol Carpath, 56, 447–453 

Baltas, E. (2007). Spatial distribution of climatic 
indices in northern Greece. Meteorol. Appl., 14, 

69–78. DOI: 10.1002/met.7  
Benito-Garzon, M., DeSanchez Dios, R., & Sainz 

Ollero, H. (2008). Effects of climate change on 

the distribution of Iberian tree species. Applied 
Vegetation Science, Elsevier. London. 11, 169-

178. https://doi.org/10.3170/2008-7-18348  
Bokwa, A., Klimek, M., Krzaklewski, P., & Kukułka, W. 

(2021). Drought Trends in the Polish Carpathian 
Mts. in the Years 1991–2020. Atmosphere, 12, 

1259. https://doi.org/ 10.3390/atmos12101259 

Bolte, A., Hilbrig, L., Grundmann, B., Kampf, F., 
Brunet, J., & Roloff, A. (2010). Climate change 

impacts on stand structure and competitive 
interactions in a southern Swedish spruce–beech 

forest. Eur J Forest Res, 129, 261–276 DOI 

10.1007/s10342-009-0323-1   
Bozilova, E., Jungner, H., Atanassova, J., & Tonkov, 

S. (2004). A contribution to the late Holocene 
vegetation history of the northern Pirin 

Mountains, southwestern Bulgaria: palynological 
study and radiocarbon dating of Lake Muratovo. 

Acta Palaeobotanica, 44, 239–247. 

Cheval, S., Dumitrescu, A., & Birsan, M.V. (2015). 
Variability of the aridity in the South-Eastern 

Europe over 1961–2050, CATENA, 151, 74-86. 
https://doi.org/10.1016/j.catena.2016.11.029  

De Martonne, E. (1926), Une nouvelle fonction 

climatologique: L’indice d’aridité. La 
Meteorologie, 449-458. 

Gavrilov, M.V., Lukić, T., Janc, N., Basarin, B., & 
Marković, S.B. (2019). Forestry Aridity Index in 

Vojvodina, North Serbia. Open Geosci, 11, 367–

377. https://doi.org/10.1515/geo-2019-0029  
Gavrilov, M.B., Radaković, M.G., Sipos, G., Mezősi, 

G., Gavrilov, G., Lukić, T., Basarin, B., Benyhe, B., 
Fiala, K., Kozák, P., Perić, Z.M., Govedarica, D., 

Song, Y., & Marković, S.B. (2020). Aridity in the 



 
  

 

143 

Central and Southern Pannonian Basin. 

Atmosphere, 11(12), 1269. 

https://doi.org/10.3390/atmos11121269  
Grunewald, K., & Scheithauer, J. (2008). Holocene 

climate and landscape history of the Pirin 
Mountains (Southwestern Bulgaria). Managing 

Alpine Future. Proceedings of the Innsbruck 
Conference, Oct. 15–17, 2007), A. Borsdorf, J. 
Stötter, E. Veulliet (eds), IGF-

Forschungsbe¬richte, Band 2, Verlag der 
Österreichischen Akademie der Wissenschaften, 

305–312. 
Grunewald, K., Scheithauer, J., Monget, J.M., & 

Brown, D. (2009). Characterization of 

contemporary local climate change in the 
mountains of southwest Bulgaria. Climatic 
Change, 95, 535–549. 
https://doi.org/10.1007/s10584-008-9508-8  

Integrated Drought Management Programme in 

Central and Eastern Europe (2014). Elaboration 
of maps for current climate, 2050 and 2070 in 

Bulgaria, Lithuania, Slovenia and Ukraine (pilot 
area) and determination of forest vulnerability 

zones, available on line 
https://www.gwp.org/globalassets/global/gwp-

cee_files/idmp-cee/idmp-act.5.2-output2-m3.pdf, 

accessed November, 2021. 
IPCC (2012). Managing the Risks of Extreme Events 

and Disasters to Advance Climate Change 
Adaptation. A Special Report of Working Groups I 

and II of the Intergovernmental Panel on Climate 

Change [Field, C.B., Barros, V., Stocker,  T.F., Qin, 
D., Dokken, D.J., Ebi, K.L., Mastrandrea, M.D., 

Mach, K.J., Plattner, G.K., Allen, S.K., Tignor, M., 
& Midgley, P.M.(eds.)]. Cambridge University 

Press, Cambridge, UK, and New York, NY, USA, 

582 pp. 
IPCC (2014). Climate Change 2014: Synthesis 

Report. Contribution of Working Groups I, II and 
III to the Fifth Assessment Report of the 

Intergovernmental Panel on Climate Change 
[Core Writing Team, Pachauri R.K. & Meyer L.A. 

(eds.)]. IPCC, Geneva, Switzerland, 151 pp. 

IPCC (2021). Climate Change 2021: The Physical 
Science Basis. Contribution of Working Group I to 

the Sixth Assessment Report of the 
Intergovernmental Panel on Climate Change 

[Masson-Delmotte, V., Zhai, P., Pirani, A., 

Connors, S.L., Péan, C., Berger, S., Caud, N., 
Chen, Y., Goldfarb, L., Gomis, M.I., Huang, M., 

Leitzell, K., Lonnoy, E., Matthews, J.B.R., 
Maycock, T.K., Waterfield, T., Yelekçi, O., Yu, R., & 

Zhou, B. (eds.)]. Cambridge University Press. In 
Press 

Knight, C.G, Raev, I., & Staneva, M. P. (eds.) (2004). 

Drought in Bulgaria: A Contemporary Analog for 
Climate Change. 

Kramer, K., Degen, B., Buschbom, J., Hickler, T., 

Thuiller, W., Sykes, M.T., & de Winter, W. (2010). 

Modelling exploration of the future of European 
beech (Fagus sylvatica L.) under climate change - 

range, abundance, genetic diversity and adaptive 
response. Forest Ecology and Management, 259, 

2213-2222. 

https://doi.org/10.1016/j.foreco.2009.12.023  
Kunz, J., Löffler, G., & Bauhus, J. (2018). Minor 

European broadleaved tree species are more 
drought-tolerant than Fagus sylvatica but not 

more tolerant than Quercus petraea. Forest 
Ecology and Management, 414, 15–27. doi: 

10.1016/j.foreco.2018. 02.016 

Mayr, H. (1909). Waldbau auf naturgesetzlicher 
Grundlage, Verlag Paul Perey, Berlin, Germany. 

Mitkov, S., & Koleva-Lizama, I. (2019). Investigation 
of perennial fluctuations in monthly air 

temperatures for the Murgash peak area. 

Bulgarian Journal of Soil Science, Agrochemistry 
and Ecology, 53(3-4), 45-54. (in Bulgarian) 

Mitkov, S. (2019). Long-term fluctuations in air 
temperature for Cherni Vrah mount region, 

Bulgaria. Journal of Balkan Ecology, 22, 3, 273-
279.  

Nikolova, N. (2007). Regional Climate Change: 

Precipitation Variability in Mountainous Part of 
Bulgaria. International Scientific Conference 
„Geography and its Future”. Belgrade 24th - 25th 
September, 2007. 

Nikolova, N, Laporte, J. & Tomova, G. (2018). 

Extreme Temperature Months in Rila Mountain, 
Bulgaria. Bulletin of the Serbian Geographical 
Society, 98, 1, 49-59. 
http://glasniksgd.rs/index.php/home/article/view/

193  

Nikolova, N., & Yanakiev, D. (2020). Climate aridity 
in southern Bulgaria for the period 1961-2015. 

Forum geografic, XIX(1), 10-17. 
doi:10.5775/fg.2020.010.i   

Niţă, M. R., Badiu, D. L., Onose, D. A., Gavrilidis, A. 
A., Grădinaru, S. R., Năstase, I. I., & Lafortezza, 

R. (2018). Using local knowledge and sustainable 

transport to promote a greener city: The case of 
Bucharest, Romania. Enviromental Research, 

160, 331-338 
Pavlovic, L., Stojanovic, D., Mladenovic, E., Lakicevic, 

M., & Orlovic, S. (2019) Potential Elevation Shift 

of the European Beech Stands (Fagus sylvatica 
L.) in Serbia. Front. Plant Sci. 10:849. 

doi:10.3389/fpls.2019.00849   
Pellicone, G., Caloiero, T., & Guagliardi, I. (2019). 

The De Martonne aridity index in Calabria 
(Southern Italy), Journal of Maps, 15:2, 788-796. 

DOI:10.1080/17445647.2019.1673840  

Petkova, N., Koleva, E. & Alexandrov, V. (2004). 
Snow cover variability and change in 

mountainous regions of Bulgaria, 1931–2000. 

Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XX, Issue 2 (December 2021), pp.138-144
http://dx.doi.org/10.5775/fg.2021.046.d



Ecoclimatic characteristics of the south-western slope of the Pirin Mountains (Bulgaria) 

144 

Meteorologische Zeitschrift, 13, 1, 19-23. DOI: 

10.1127/0941-2948/2004/0013-0019  

Rachev, G., & Dinkov, K. (2003). Mediterranean 
features of the climate of the Sandanski-Petrich 

region. Ann. of Sofia University, Faculty of 
Geology and Geography, vol. 95, book 2 - 

Geography. (in Bulgarian) 

Rachev, G., Kenderova, R., Nikolova, N., Hristova, N., 
Penkov, I., Balakova, A., Krenchev, D., & 

Stoyanova, S. (2016). Results of meteorological, 
hydrological, and geomorphologic. al 

observations in the catchment area of the 
Begovitsa River for the period 2012-2015. Ann. of 
Sofia University, Faculty of Geology and 
Geography, Vol. 109. Book 2 – Geography, 17-33. 
(in Bulgarian) 

Radaković, M.G., Tošić, I., Bačević, N., Mladjan, D., 
Gavrilov, M.B. & Marković, S.W. (2018). The 

analysis of aridity in Central Serbia from 1949 to 

2015. Theor Appl Climatol 133, 887–898. 
https://doi.org/10.1007/s00704-017-2220-8  

Raev, I., & Alexandrov, V. (2011). Chapter III. 
Determination of the main vulnerability zones of 

the forests ecosystems in terms of climate 
changes. - In: Raev I., P. Zhelev, M. Grozeva, G. 

Georgiev, V. Alexandrov, M. Zhiyanski, I. Markoff, 

I. Velichkov, S. Miteva. Programme of measures 
for adaptation of the forests in Republic of 

Bulgaria and mitigation the negative effect of 
climate change on them. EU, Interreg IV C, 

Executive Forestry Agency, S., 73-83. 

Raev, I., Alexandrov, V., & Tinchev, G. (2015). 
Assessment of drought related climate change 

impact on forest in Bulgaria. Silva Balcanica, 
16(1), 5-24. 

Rivas-Martinez, S. (1996). Clasificac‘ýon Bioclimatica 

de la tierra. Folia Botanica Matritensis, 16, 1–32. 
Saha, M.S., Chakraborty, D., Singh, S.B., Chowdhury, 

S., Syiem, E.K., Dutta, S.K., Lungmuana, S., 
Choudhury, B.U., Boopathi, T., Singh, A.R., 

Ramakrishna, Y., & Roy, A. (2016). Analyzing the 
trend in thermal discomfort and other bioclimatic 

indices at Kolasib, Mizoram. Journal of 
Agrometeorology, 18 (1), 57-61. 

Salmon-Albert, E., Lorincz, P., Pauler, G., Bartha, D., 

& Horvath, F. (2016). Drought Stress Distribution 
Responses of Continental Beech Forests at their 

Xeric Edge in Central Europe. Forests, 7(298), 2-

16. https://doi.org/10.3390/f7120298
Satmari, A. (2010). Lucrări practice de biogeografie. 

Eurobit, Timişoara, 85 p. Available on: 
www.academia.edu/9909429/05_indici_ecometrici 

Scharnweber, T., Manthey, M., Criegee, C., Bauwe, 

A., Schröder, C., & Wilmking, M. (2011). Drought 

matters - Declining precipitation influences 
growth of Fagus sylvatica L. and Quercus robur L. 

in north-eastern Germany. Forest Ecology and 
Management, 262, 947-961. 

https://doi.org/10.1016/j.foreco.2011.05.026  

Silva, L.C.R., Sun, G., Zhu-barker, X., Liang, Q., Wu, 
N., & Horwath, W.R. (2016). Tree growth 

acceleration and expansion of alpine forests: the 
synergistic effect of atmospheric and edaphic 

change. Sci. Adv. 2:e1501302. doi: 10.1126/ 
sciadv.1501302   

Takolander, A., Hickler, T., Meller, L., & Cabeza, M. 

(2019). Comparing future shifts in tree species 
distributions across Europe projected by 

statistical and dynamic process-based models. 
Reg. Environ. Change, 19, 251–266. doi: 10. 

1007/s10113-018-1403-x  

Thurm, E., Hernández, L., Baltensweiler, A., 
Rasztovits, E., Bielak, K., Zlatanov, T., Hladnik, D., 

Balic, B., Freudenschuss, A., Büchsenmeister, R., 
& Falk, W. (2018). Alternative tree species under 

climate warming in managed European forests. 
Forest Ecology and Management, 430, 485–497. 

doi: 10.1016/j.foreco.2018. 08.028  

Török-Oance, R., & Török-Oance, M. (2012). Trends 
in land cover change in abandoned mountain 

pastures. A case study: Măgura Marga Massif 
(the Southern Carpathians). Forum geografic, 
XI(2), 214-222. doi:10.5775/fg.2067-

4635.2012.084.d 
Tylkowski, J., Winowski, M., Hojan, M., Czyryca, P., & 

Samołyk, M. (2021). Influence of 
hydrometeorological hazards and sea coast 

morphodynamics on development of 

Cephalanthero rubrae-Fagetum (Wolin island, the 
southern Baltic Sea). Nat. Hazards Earth Syst. 
Sci., 21, 363–374, https://doi.org/10.5194/nhess-
21-363-2021  

Tylkowski, J. (2015). The Variability of Climatic 
Vegetative Seasons and Thermal Resources at 

the Polish Baltic Sea Coastline in the Context of 

Potential Composition of Coastal Forest 
Communities. Baltic Forestry, 21(1), 73-82. 

Vlăduţ, A. (2010). Ecoclimatic Indexes within the 
Oltenia Plain. Forum geografic, 9, 9, 49–56. 

Vlăduţ, A., Nikolova, N., & Licurici, M. (2017). 

Influence of Climatic Conditions on the Territorial 
Distribution of the Main Vegetation Zones within 

Oltenia Region, Romania. Studii şi comunicări. 
Ştiinţele Naturii. Muzeul Olteniei Craiova. Oltenia. 

Tom. 33, No. 1/2017, 154-164. 



 
    

 

145 

Green open space detection and mapping using 
planetscope-3a image with vegetation index approach 
and supervised classification in Banda Aceh, Indonesia 

Muhammad BUDI1, AKHYAR2,* 

1 School of Remote Sensing and Information Engineering, Wuhan University, Hubei Province, P.R.China 
2 Department of Mechanical Engineering, Syiah Kuala University, Darussalam, Banda Aceh 23111, Indonesia 
* Corresponding author: akhyar@unsyiah.ac.id  

Received on 19-01-2021, reviewed on 06-06-2021, accepted on 29-09-2021 

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 

Rezumat. Detectarea și cartografierea spațiului 
deschis verde folosind imaginea planetscope-3a 
cu abordarea indicelui de vegetație și clasificare 
supravegheată în Banda Aceh, Indonezia   

Rolul Green Open Space (GOS) este esențial în crearea unui mediu 
confortabil în orașe. Este detectat folosind o imagine satelit de 
înaltă rezoluție, Planetscope-3A. Acest studiu și-a propus să 
clasifice acoperirea terenului în Banda Aceh folosind o clasificare 
multispectrală a imaginii Planetscope-3A și să evalueze 
aplicabilitatea imaginii Planetscope-3A pentru a identifica GOS în 
Banda Aceh. Clasificarea multispectrală a fost utilizată cu un 
algoritm de clasificare supravegheată-probabilitate maximă care 
se referă la transformarea indicelui normalizat de diferenţiere a 
vegetaţiei (NDVI) pentru a obține opt clase de acoperire a 
terenului. În plus, observația de teren a fost utilizată pentru a 
prelua punctele de eșantionare determinate prin eșantionare 
aleatorie stratificată. Clasificarea a detectat opt clase de acoperire 
a terenului cuprinzând obiecte non-GOS (apă, dezvoltare, aride) 
și obiecte GOS (arbori, arbuști, ierburi, zone umede și cultivate). 
Rezultatul a fost combinat cu 128 de probe de date de teren, 
producând o precizie de 76,036 % și o valoare kappa de 0,726. 
Acoperirea terenului a fost dominată de clasa dezvoltată cu 29,739 
km2 sau 53,6 % din totalul suprafeței de studiu, cu o precizie de 
94,094 %. Mai mult, GOS din Banda Aceh a inclus 19,589 km2 sau 
35,291% din suprafața de studiu, constând în arbori (6,863 km2, 
precizie 79,396 %), arbuști (8,216 km2, precizie 59,413 %), 
ierburi (4,132 km2  , cu  precizie 73,564%), zone cultivate (0,291 
km2, precizie 73,475 %), și zone umede (0,088 km2, precizie 
70,185 %). Aceasta concluzionează că Banda Aceh are o zonă 
suficientă de GOS. Rezultatul detectării GOS folosind imaginea 
Planetscope-3A cu algoritm de clasificare supravegheată-
probabilitate maximă ar putea constitui date de referință și pot fi 
recomandate pentru gestionarea dezvoltării durabile în Banda 
Aceh. 

Cuvinte-cheie: Spațiu deschis verde, indicele normalizat de 
diferenţiere a vegetaţiei, clasificare supravegheată, probabilitate 
maximă, 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 

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). 

 

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. 

 

RBI Map
1:50,000

Planetscope-3A

Geometric 
Correction

NDVI 
Transformation

Landcover Interval 
Range Classification

Supervised Classification-
Maximum Likelihood

Training 
Data

Tentative 
Landcover Map

Field Checking

Sample 
Data

Accuracy 
Assessment

Green Open 
Space map

 

Fig. 2: Study flow chart 

ImageCorrection:Geometric -to-Map 
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 and 

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-

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.

 
Shrubland class sample (95.376o BT 5.567o LU) 

 
Herbaceous class sample (95.374o BT 5.566o LU) 
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Wetlands class sample (95.363o BT 5.583o LU) Barren class sample (95.361o BT 5.582o 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 polygon. 

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. 

Water ROI Developed ROI Trees ROI Cultivated ROI 

Barren ROI Wetlands ROI Herbaceous ROI Shrubland ROI 

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

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 

minimum number of classes and could increase 

according to the researchers’ ability and necessity. 

Accuracy assessment is necessary 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. 

 

𝐾 =
𝑁 ∑ 𝑋𝑖𝑖𝑟

1=1 −∑ 𝑋𝑖+𝑋+𝑖
)𝑟

𝑖=1

𝑁2−∑ 𝑋𝑖+𝑋+𝑖)𝑟
𝑖=1

   (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 

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.

 

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 Non vegetation Water, Barren, Developed 

0.271762 – 0.462332 Low density vegetation Cultivated 

0.462333 – 0.589377 Rather low density vegetation Wetlands 

0.589378 – 0.652898 Medium density vegetation Shrubland, Herbaceous 

0.652899 – 0.843467 High density vegetation 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 

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. 

 

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 

No Landcover Class 
Area 

per Class 
(km2) 

Total 
(km2) 

1 
Non-
GOS 

Water 6.044 
35.838 2 Developed 29.708 

3 Barren 0.086 

4 

GOS 

Trees 6.923 

19.669 
5 Shrubland 8.257 
6 Herbaceous 4.182 
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, 

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. 

 

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 

Water Developed Barren Trees Shrubland Herbaceous Cultivated Wetlands Total 

Water 68.17
5 13.011 0.111 0.434 0 0 6.250 12.019 

100 

Developed 0 89.990 3.868 4.534 0.782 0.826 0 0 100 
Barren 1.011 0.396 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 8.394 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 

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. 

𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =  
608.292

800
× 100 = 76.036 % (2) 

The overall accuracy of the supervised 

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. 

Table 4 Producer’s accuracy and user’s accuracy 

Class 

Producer accuracy User accuracy 

Accuracy 
Omission 

Error 
Accuracy 

Comission 
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 
(K) 

Strength of 
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 

Classification 

Reference 
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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 

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 
Planetscope-3A image with 3 meters spatial 

resolution for GOS detection in Banda Aceh. 
 

 

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 

 

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 Change 

(km2) 

Area per Class Total Area 

km2 % km2 % 

1 
Non-GOS 

Water - 0.016 6.060 10.918 
35.918 64.709 2 Developed - 0.031 29.739 53.577 

3 Barren - 0.033 0.119 0.214 

4 
GOS 

Trees + 0.060 6.863 12.364 
19.589 35.291 5 Shrubland + 0.041 8.216 14.802 

6 Herbaceous + 0.050 4.132 7.444 
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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). 

 
 

 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 

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). 
 

Table 7 Number of GOSs per sub-districts 

No Sub-district GOS Class GOS Area (ha) Total (km2) Percentage (%) 

1 Meuraxa 

Trees 71.526 

2.691 42.752 

Shrubland 141.250 

Herbaceous 55.432 

Cultivated - 

Wetlands 0.890 

2 Jaya Baru 

Trees 58.896 

1.937 42.623 

Shrubland 79.350 

Herbaceous 52.219 

Cultivated 2.082 

Wetlands 1.152 

3 Banda Raya 

Trees 92.413 

2.437 44.570 

Shrubland 83.467 

Herbaceous 44.160 

Cultivated 22.508 

Wetlands 1.115 

4 Baiturrahman 

Trees 48.965 

1.196 29.265 

Shrubland 48.170 

Herbaceous 21.170 

Cultivated 0.241 

Wetlands 1.039 

A B 
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5 Lueng Bata 

Trees 69.753 

1.428 32.862 

Shrubland 49.447 

Herbaceous 22.568 

Cultivated 0.193 

Wetlands 0.863 

6 Kutaraja 

Trees 58.522 

1.264 44.564 

Shrubland 45.046 

Herbaceous 21.849 

Cultivated - 

Wetlands 0.948 

7 Ulee Kareng 

Trees 105.157 

2.034 39.851 

Shrubland 60.529 

Herbaceous 34.197 

Cultivated 3.499 

Wetlands - 

8 Kuta Alam 

Trees 63.925 

2.112 22.740 

Shrubland 101.421 

Herbaceous 45.836 

Cultivated - 

Wetlands - 

9 Syiah Kuala 

Trees 117.400 

4.490 33.044 

Shrubland 213.209 

Herbaceous 116.057 

Cultivated 0.902 

Wetlands 1.400 

 Total 19.589 36.919 

 

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

  

 

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 grass-lands 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 lynx). 
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 conditions 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, Târnovu Mare, 
Latorița 

Rezumat. Identificarea lacunelor în conservare 
și managementul habitatelor în situl Natura 2000 
Târnovu Mare - Latorița 

Studiul urmărește să identifice principalele lacune în conservare și 
propune obiective în managementul ariilor protejate. Sunt 
analizate caracteristicile fizice ale ariei protejate, modul de 
utilizare a terenurilor, identificarea presiunilor actuale și 
amenințărilor viitoare. Analiza geomorfologică și geologică este 
componenta ce evidenţiază corelațiile între relief și distribuția 
tipurilor de habitate. Între caracteristicile care îi conferă unicitate 
în peisajul carpatic, aria protejată are în componență o creastă 
calcaroasă foarte accidentată având ca principale habitate de 
interes comunitar versanți calcaroși cu vegetație chasmofilă, 
pajiști alpine calcaroase și păduri cu Larix decidua (cel mai extins 
arboret de zadă din Carpații României). Situl adăpostește o 
populație viabilă de carnivore mari (Ursus arctos, Canis lupus, 
Lynx lynx).  
Principalele presiuni actuale care sunt identificate în mare 
majoritate și ca amenințări viitoare la adresa sitului sunt pășunatul 
intensiv, extinderea drumurilor de acces, braconajul, crearea de 
condiții pentru apariția speciilor invazive, reducerea conectivității 
de habitat din cauze antropice, antagonismul cu animalele 
domestice, conducerea vehiculelor în afara drumurilor.  
Amenințări viitoare sunt anticipate datorită activităților silvice în 
creștere, cu un impact negativ mai ales prin tăierile rase de arbori, 
favorizate de restituirea integrală a pădurilor către domeniul privat 
fără nicio condiționalitate pentru cele aflate în cadrul ariilor 
naturale protejate. Pășunatul intensiv are ca rezultat degradarea 
pajiștilor (ruderizarea și sărăcirea în specii, modificări la nivel de 
asociație vegetală). 
Între măsurile de conservare propuse se află: controlul strict al 
efectivelor de animale care pășunează și a perioadei de pășunat, 
plata compensațiilor pentru pădurile private cu valoare ridicată de 
conservare, limitarea construcțiilor și a drumurilor de acces în zona 
înaltă. 

Cuvinte-cheie: arii protejate, rețeaua Natura 2000, habitate 
de interes comunitar, conservare, managementul habitatului, 
carnivore mari, Larix decidua, specii invazive, Târnovu Mare, 
Latorița 

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 

and(ec.europa.eu/environment/nature/natura2000
specialofconsistedinitiallywww.natura.org),

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 sites, 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 

effectiveness of conservation in the protected areas 

in Romania have highlighted the problems they are 
currently facing (Ioja et al., 2010; Knorn et al., 2012; 

Kuemmerle et al., 2009 Marinescu et al., 2013; 
Pătroescu et al., 2006; Young et al., 2007). 

Within the Romanian Carpathians, sites of 

community importance cover the largest area (120 
sites, 42.42% of the surface of the Romanian 

Carpathians), followed by the special avifauna 
protection areas (31 sites, 30.13%), 9 natural parks 

(23.60%), 12 national parks (19.72%), and various 
nature reserves and nature monuments (3.11%). 

Natura 2000 sites have the highest share in the 

Southern Carpathians (63% SCI and 34% SPA, 
respectively), while national parks and nature parks 

have the best representation in the Western 

Carpathians (29% and 26%, respectively). 

Within the Southern Carpathians, 162 protected 
natural areas were designated, out of which 135 

protected areas of national interest: 6 national parks 
(Piatra Craiului, Cozia, Buila-Vânturarița, The Jiu 

Gorge, Retezat, Domogled-Valea Cernei), 3 natural 

parks (Bucegi, Grădiștea Muncelului-Cioclovina, Țara 
Hațegului Dinosaur Geopark) and 126 nature reserves 

and nature monuments. Protected natural areas of 
community interest comprise 27 Natura 2000 sites. 

The Natura 2000 site Târnovu Mare - Latorița is 
located in the central-southern part of the Parâng-

Cindrel mountain group (Figure 1) and has an area of 

1,366 ha. 

 

Fig. 1: Location of the Natura 2000 site Târnovu Mare - Latorița in the central part of the 

Southern Carpathians 

The central geographical coordinates of the 

protected natural area are 45O21′59″ N. and 

23O53′25″ E. The minimum altitude within the site is 
683 m and the maximum altitude is reached at the 

top of Târnovu Mare (1,863 m).  
Târnovu Mare - Latorița Natura 2000 site is located 

in the alpine biogeographical region (European Topic 

Center on Nature Protection and Biodiversity) 
together with nine other Natura 2000 sites from the 

Parâng-Cindrel mountain group (Figure 2). 
The site is accessible from the national road 7 A, 

from where the road goes up on the Latoriței valley 
to the Petrimanu reservoir. The access points from 

Latorița valley are located in the southwest of Ciunget 

village, at the confluence of Latorița and Borogeana, 

on the forest road that goes up to Gropița saddle. 

From the south, access to the site can be made on 

the Repedea valley following the roads that reach the 
Târnovu Mic and Târnovu Mare sheepfolds. 

Among its biotic and abiotic characteristics that 
give it uniqueness in the Carpathian landscape, the 

Târnovu Mare-Latorița site consists of a very rugged 

calcareous ridge located at over 1700 m altitude with 
chasmophytic vegetation on limestone rocks (Natura 

2000 code 8210) and a habitat of community interest 
consisting of Larix decidua forests (Natura 2000 code 

9420). 
These valuable ecosystems for biodiversity and 

genofund conservation are privately owned and 

managed. In order to achieve the objective of 
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favorable conservation within Natura 2000 sites, the 

European Commission has made available a 

compensation mechanism for restrictions on forest 
exploitation (eg. Measure 224 - Natura 2000 

Payments in Rural Development Programs) which is, 
however, accessed differently by member states 

according to their priorities during each European 

financial year (Blondet et al., 2017; Sarvašová et al., 
2019). 

Romania has a delay in allocating these payments 

for the analyzed forest areas. Because Natura 2000 

payments are made from different development 
funds, and allocations are proposed differently by 

each member state, there have been shortcomings in 
the effective conservation management. One 

proposal that will hopefully correct these dysfunctions 

is to set up a special fund for the Natura 2000 net. 

 

Fig. 2: Natura 2000 sites in the Parâng-Cindrel mountain group 

Materials and discussions 

Topographic maps at a scale of 1:25,000, 
geological maps at 1:200,000 and 1:50,000 and soil 

maps at a scale of 1:200,000 were used to analyze 

the relief potential. The Corine Landcover 2006 
project was also used for land use, 1: 10,000 

orthophotoplanes, Digital Globe satellite imagery, and 
field measurements with GPS (South Survey). 

 From a geological point of view, the studied area 

is occupied by Paleozoic magmatites represented by 
granitoids (Г) (44.3%), Jurassic limestones (19%), 

tufa green rocks (21%), amphibolites (11.7%) and 
metablastic magmatites. (4%) (Figure 3). The 

underlying rock and surface formations are a 
pedogenetic factor which in its turn influences the 

vegetation in the site. 

Morphometric and morphographic analysis is an 
important component of the geomorphological study 

for the analyzed site, this being the starting point in 
highlighting problems related to the genesis, stages 

and dynamics of the evolution of the relief in the 

perimeter. 
ArcView, ArcGIS, CorelDraw and Excel were used 

to represent and interpret morphometric features. 
The primary material is extracted from 1:25.000 

topographic maps, satellite images and field 

observations. The number of value classes of the 
morphometric indicators are chosen depending on 

the specific morphometric characteristics that are to 
be highlighted and their values taking into account 

the significant jumps in the value chain (by using the 
"Classify - Natural Breaks" function in ArcGIS) and 

certain morphometric aspects that are considered 

important.  
In order to obtain an easy interpretation, the 

toponyms and the hydrographic network were added 
to the morphometric maps.  
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Fig. 3: Geological map of the Natura 2000 site Târnovu Mare-Latorița 

The levelled layout of the protected area relief is 
revealed by the hypsometric map (Figure 4), where 

12 classes are differentiated between the extreme 
altitudes of the studied area (683 m and 1879 m), 

with approximately equal shares. The maximum step 

includes the highest peaks in the massif, Târnovu 
Mare (1,846 m) in the east and Piatra Târnovului 

(1,879 m) in the west. The average altitude within the 
site is 1,360 m.

 

Fig. 4: Hypsometric map of Târnovu Mare-Latorița Natura 2000 site

The depth of the relief fragmentation (relief 

energy) expresses the depth to which the vertical 
erosion has reached being conditioned by the general 

or local erosion base, and influenced by the 
lithological-structural conditions. The relief energy 

map shows the degree of deepening of the valley 
network from which the stage and its evolution can 

be deduced (valley generations, erosion intensity, 

behavior of rocks to fluvial erosion, degree of 

adaptation of valleys to the structure).  
The map of the depth of relief fragmentation 

(Figure 5) was made on the basis of the topographic 
maps at a scale of 1:25,000 using the method of 

cartograms by means of ArcGIS software. Taking into 
account the significant leaps in the range of values, 

there resulted five classes of values (48-227 m; 227-
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356 m; 356-473 m; 473-587 m; 587-722 m). The 

highest relief energy is found in the area of the steep 

limestone within the central-western part of the site 

(Piatra Târnovului), where habitat 8210 also appears 

(Calcareous rocky slopes with chasmophytic 

vegetation) (Figure 11). 

Fig. 5: Relief energy map of Târnovu Mare-Latorița Natura 2000 site

Slope controls the dynamics and evolution of 

geomorphological processes, being an indicator of the 
conditions in which the current relief modelling takes 

place and determining the dominance and the 

intensity of certain categories of processes: mass 
displacements (sudden or slow), meandering, linear 

erosion, areolar erosion etc. The amount of solar 
radiation received by areas with the same orientation 

also depends on the slope. 

Based on the significant leaps in the value chain 
and the main morphographic aspects (highlighting 

the leveling surfaces, interfluves, slopes, steep 

areas), there are seven classes of values for declivity 

(Figure 6): ≤ 11O; 11-18O; 18-24O; 24-29O; 29-34O; 
34-39O; over 39O. Summarizing, there are 14% 

areas with slopes ≤18O, 16.3% slopes between 18-

39O and 69.7% slopes greater than 39O) - a 
percentage that indicates the dominance of the steep 

area on the northern slope of the site. Soil falls into 
the category of factors that condition the type of 

vegetation, the frequency and intensity of morpho-

genetic processes. Soil texture and structure, water 
storage capacity, permeability, and porosity influence 

erosion processes. 

Fig. 6: Slope map of Târnovu Mare-Latorița Natura 2000 site 
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The largest share is held by acidic brown soils 

under the habitats 9410 Acidophilous Picea forests on 

the mountain to alpine leves (Vaccinio-Piceetea) and 
9420 Alpine Larix decidua forests, followed by brown 

feriiluvial (or podzolic) soils, lithosols on the glacis at 
the base of the walls from Cheile Latoriței), rock 

(Piatra Târnovului) and rendzine (under the limestone 

meadows between Târnovu Mic and Târnovu Mare) 
(Figure 7). 

The land use map, based on the Corine Landcover, 
includes six landscape classes (Figure 8): three forest 

types and three non-forest types (meadows, rock, 
subalpine bushes). The forest area occupies 1,066 ha 

(78%) and the non-forest lands have a share of 22%. 

Among the forest areas, the largest share is occupied 
by coniferous forests with 586 ha (Picea abies, Abies 

alba, Larix decidua) (54.9%), followed by mixed 
forests (Fagus sylvatica, Acer pseudoplatanus with 

Picea abies / Larix decidua / Abies alba) (23.3%), 

deciduous forests (Fagus sylvatica, Fraxinus ornus, 
Betula pendula) (21.7%) and soft deciduous species 

(Alnus incana, Salix caprea) (0.1%). 
The forests with high conservation value (PVRC) 

within the protected area cover 591 ha (functional 
type I - "forests with special nature protection 

functions") of which 141,1 ha represent the European 

larch forest (Larix decidua) that dominates the habitat 
Nature 2000 - 9420 (Figure 10). 

Although the legal framework for the status of 
nature reserve is assigned only for 7.1 ha of forest 

(Pădurea Latorița reserve - L.5 / 2000), the rest of the 

forest area up to 591 ha has a similar status from the 
point of view of the forest regime (Amenajament silvic 

Voineasa, UP I Rudăreasa, UP II Latorița), and part of 

this surface is included in the category of virgin and 

quasi-virgin forests in Romania (Giurgiu et al., 2001). 

 The category of virgin forests includes forests 
formed only under the action of natural factors in 

which biological processes occur without any direct or 
indirect influence from man. The term quasi-virgin 

forests indicate virgin forests slightly modified by man 

through occasional tree felling or grazing, 
interventions that did not significantly change their 

composition and their primary structure (Order of the 
Minister of Environment and Forests, 2012). 

Virgin and quasi-virgin forests within the protected 
area are ecosystems with relatively high stability and 

a high capacity for self-regeneration due to natural 

factors, but can be substantially affected by 
anthropogenic activities that cause changes in 

ecosystem structure and processes (grazing in the 
forest, extraction of wood material, air pollution). The 

role of virgin forests in biodiversity conservation is 

essential. In addition to the large number of woody 
and grassy species (including various Balkan and sub-

Mediterranean elements, but also some endemics), 
one can find great intraspecific diversity, manifested 

as a pronounced polymorphism of tree species, by the 
presence of subspecies, varieties, and forms with 

great adaptive valences. 

Forest genetics research has shown that virgin 
forests in the Romanian Carpathians are a valuable 

gene pool for Picea abies, Abies alba, Larix decidua, 
Fagus sylvatica, Quercus petraea. In addition, virgin 

forests are the refuge of large endangered 

carnivorous mammals in Europe (bear, wolf, lynx) and 
are home to a large number of birds (about 156 

species) and invertebrates of great scientific interest 
(Giurgiu et al., 2001).

 

Fig. 7: Soil map of Târnovu Mare-Latorița Natura 2000 site

Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XX, Issue 2 (December 2021), pp. 160-172
http://dx.doi.org/10.5775/fg.2021.035.d



 
 

   

166 

 

Fig. 8: Land use map of Târnovu Mare-Latorița Natura 2000 site

Following the elaboration of the scientific basis 

comprising the habitats and species of community 
interest, initially, in 2007, 10 types of habitats of 

community interest were designated in the protected 
area: 8120 Calcareous and calchist screen of the 

montane to alpine levels (Thlaspietea rotundifolii) 

(Figure 9), 8210 Calcareous rocky slopes with 
chasmophytic vegetation (Figure 10-11), 9420 Alpine 

Larix decidua forests (Figure 12-13), 6170 Alpine and 
subalpine calcareous grasslands, 6210 Semi-natural 

dry grasslands and scrubland facies on calcareous 

substrates (FestucoBrometalia), 6430 Hydrophilous 
tall herb fringe communities, 9410 Acidophilous Picea 

forests of the montane to alpine levels (Vaccinio-
Piceetea), 3220 Alpine rivers and the herbaceous 

vegetation along their banks, 3240 Alpine rivers and 

their ligneous vegetation with Salix elaeagnos, 4060 
Alpine and Boreal heaths (Standard Dataform ROSCI 

0239). The data form did not initially include species 
of community interest. 

 

Fig. 9: Habitat distribution map : 8120 Calcareous and calcareous screen of the mountain to 

alpine levels (Thlaspietea rotundifolii) within Târnovu Mare-Latorița Natura 2000 site 
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Fig. 10: Habitat distribution map: 8210 Calcareous rocky slopes with chasmophytic vegetation 

within Târnovu Mare-Latorița Natura 2000 site 

 

Fig. 11: Calcareous rocky slopes with 

chasmophytic vegetation 

During field research (2014-2019), our research 

team of biologists and geographers identified three 
new habitats: 3230 Alpine rivers and their ligneous 

vegetation with Myricaria germanica, 9180* Tilio - 
Acerion forests of slopes, screes and ravines, 6520 

Mountain hay meadows. We also reported the cer-

tain presence of the three large carnivores (Ursus 
arctos, Canis lupus, Lynx lynx) and a viable population 

of chamois (Rupicapra rupicapra) (Piatra Târnovului 
area). There are a number of short comings: 

maintaining these populations viable in the long run-

in small reserves (Shafer, 1995) and establishing an 
optimal threshold of animal populations correlated 

with the minimum size of reserve (Shaffer, 1981). 
From this perspective, it is necessary that the 

Târnovu Mare - Latorita site be connected by corridor 

habitats with the neighboring protected areas, 

especially with the national park and the Natura 2000 

site Buila-Vânturarița (4,186 ha) which would ensure 
in the future a cumulative area more than 7000 ha, 

sufficient for the sustainable conservation of these 
species of fauna. 

Habitat 6430, where Ligularia sibirica species have 

been identified, is another habitat of Community 
interest that is representative for the protected 

natural area. It includes Hydrophilous tall herb fringe 
communities in which we identified species as: 

Ligularia sibirica, Lysima-chia vulgaris, Stachys 
sylvatica, Adenostyles alliariae, Valeriana officinalis, 

Telekia speciosa, Petasites albus etc. (Răduțoiu, 

Marinescu, 2014). 

 

Fig. 12: Habitat distribution map: 9420 Alpine 

Larix decidua forests within Târnovu 

Mare-Latorița Natura 2000 site 
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Fig. 13: Larix decidua forests in Târnovu 

Mare-Latorița Natura 2000 site 

Given the specificity of the protected area, we 

recommend the application of the concept of "forestry 

close to nature" which can ensure a sustainable 

conservation of forests as a whole and their 

biodiversity by applying principles of "good practices". 
The concept has been applied in some parts of 

Europe since the 19th century (Gayer, 1878; Biolley, 
1920, 1980) and today Pro Silva Europe Association, 

which involves foresters concerned about the future 

of Europe's forests, promotes this concept. 
The concept is based on the analysis of the 

dynamics of the natural forest and involves: 
- promoting and returning to compositions of trees 

based on native species; 
- creation of diversified forest structures to 

permanently ensure all the functions of the forest; 

- taking advantages of forest regeneration and 
self-regulation capacity, to a greater extent, through 

the appropriate management of natural ecosystem 
processes, in order to ensure forest stability and the 

economic efficiency of forest management 

(www.prosilvaeurope.org). 

Fig. 14: Map of intensive pasture superimposed over habitat 6170 Alpine and subalpine 

calcareous grasslands within Târnovu Mare-Latorița Natura 2000 site 

Alpine pasture is another type of habitat in the 

protected area that needs conservation measures. For 

the conservation of mountain grasslands, sets of 
ecological thresholds have been proposed to reflect 

the conservation value and to determine scientifically 
sound decisions (Cook et al., 2016; Dorrough et al., 

2020). If we take into account the landscape criterion, 
we can use as landscape metrics the size of the 

patches and the isolation of the patches (Parkes et 

al., 2003). 
The main current pressures on the two grassland 

habitats (Natura 2000 code 6170/6210) within this 

protected area (figure14-16), which are also future 

threats to the site, are: intensive grazing (fig.17), 

extension of access roads, poaching, creation of 
conditions for invasive species (Ailanthus altissima, 

Ambrosia artemiisifolia), increasing of the areas 
occupied by Rumex alpinus, Veratrum album and 

Urtica dioica, reducing of the habitat connectivity due 
to anthropogenic causes, antagonism with domestic 

animals (stray dogs, high numbers of sheepfold 

dogs), off-road driving of the motor vehicles, storing 
household waste close to sheepfolds. 
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Within this protected area and in general in all 

Natura 2000 sites in Romania, it has not been possible 

to control and prohibit off-road activities and winter 
tourist trips with snow-mobiles. These activities have 

grown exponentially over the last 10 years with a 
strong negative impact on the flora and fauna of 

protected areas. If these two activities are relatively 

controlled in the national parks of Romania (12 
national parks in the Romanian Carpathians), in the 

Natura 2000 sites the phenomenon is far from being 

controlled. This is also due to the fact that many 

Natura 2000 sites, that do not have the status of 

national park or natural park, lost in 2016 the 
administrative structures by reorganizing the 

management of protected areas in Romania and the 
establishment of the National Agency for Protected 

Areas, a structure insufficiently developed to manage 

environmental issues in Natura 2000 sites (25.4% of 
Romania's surface). 

 

Fig. 15: Intensive grazing map superimposed over habitat 6210 Seminatural dry grasslands and 
scrubland facies on calcareous substrates (Festuco-Brometalia) within the Natura 2000 

site Târnovu Mare-Latorița

Intensive grazing of sheep and cattle results in 

grassland degradation (impoverishment in species, 
changes in plant association). Replacing the grassland 

ecosystem by reducing the distribution areas of rare 
flora species is another future threat. 

Another future threat is the replacement of the 

grassland ecosystem by reducing the distribution area 
of rare flora species (Alyssum montanum, Silene 

vulgaris subsp. glareosa, Rumex scutatus, 
Kohlrauschia saxifraga, Silene saxifraga subsp. 

petraea, Athamanta turbith subsp. hungarica) or 
glaciar relicts (Ligularia sibirica) (Răduțoiu, 

Ștefănescu, 2014). 

Taking into account the diagnoses and forecasts in 
the Tarnovu Mare-Latorița site, future threats are also 

anticipated, due to the forestry activities with a 
negative impact favoured by the illegal tree felling. 

The full restitution of forests to the private sector in 

the post-socialist period without any conditionality for 
forest areas that are situated in protected natural 

areas and socio-economic changes during the 

transition period, decrease the effectiveness of the 

network of protected areas in Romania mainly in 
terms of capacity to protect biodiversity (Ioja et al., 

2010; Knorn et al., 2012). 

 

Fig. 16: Pastoral buildings within Târnovu 

Mare – Latorița Natura 2000 site 
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The trees of forestry interest in the protected area 

(Picea abies, Larix decidua, Fagus sylvatica), from the 

point of view of the conservation of genetic resources, 
have some particular biological properties, which 

constitute many advantages. For example, the size, 

structure and natural regeneration capacity of trees 

are factors that prevent or do not favor a catastrophic 

elimination (windfalls, fungal or insect attacks) 
(Giurgiu, 1978). 

 

Fig. 17: Map of future threats (intensive grazing) within Târnovu Mare-Latorița Natura 2000 

site

Conclusions 

Târnovu Mare - Latorița site belongs to the 
European ecological network Natura 2000. Currently, 

at national level, this network includes 610 sites (462 
SCI and 148 SPA) which occupy a share of 

approximately 25% of the national territory. The site 

has an area of 1,366 ha and includes 10 habitats of 
community interest, of which two habitats are a 

priority. 
Among the features that give it uniqueness in the 

Carpathian landscape, the site Târnovu Mare-Latorița 
has a very rugged calcareous ridge located at over 

1,700 m altitude with Calcareous rocky slopes with 

chasmophytic vegetation (Natura 2000 code 8210), 
Alpine and subalpine calcareous grasslands (Natura 

2000 code 6170) and a habitat of community interest 
consisting of forests with Larix decidua (Natura 2000 

code 9420), which through the occupied area (141.1 

ha) and the particular biological properties of the 
trees, ensures the in situ conservation of forest 

genetic resources, which are of the greatest 
importance in the Romanian Carpathians. 

The natural forests in the Latorita basin still offer 
a rich genetic resource. First of all, the genetic 

variability of the natural populations must be pre-

served, both for the species with exceptional 
magnitude of variability (spruce, pine) and for the 

species with limited geographical distribution (larch, 
stone pine, juniper, knee-pine). 

The site is also home to a viable population of 
large carnivores (Ursus arctos, Canis lupus, Lynx lynx) 

and chamois (Rupicapra rupicapra). The connectivity 

between the two Natura 2000 sites, Târnovu Mare - 
Latorița and Buila-Vânturarița, is required through a 

corridor habitat drawn on the interfluve that connects 
them.  

The main current pressures that will also stand for 
future threats to the site are: intensive grazing, 

widening of access roads, poaching, creating of 

conditions for invasive species (Ailanthus altissima, 
Ambrosia artemiisifolia) and increasing of the area 

occupied by Rumex alpinus, Veratrum album and 
dioica, reduction of habitat connectivity due to 

anthropogenic causes, antagonism with domestic 

animals (stray dogs, packs of dogs from the sheep-
folds), off-road driving of motor vehicles, storage of 

household waste close to sheepfolds. Future threats 
are also anticipated due to the negative impact of 

forestry activities favoured by illegal logging, the 
complete restitution of forests to the private sector in 

the post-socialist period with no conditionality for 

forest areas that are situated in protected natural 
areas. 

Another threat, due to strong insolation in the area 
of limestone cliffs and related to climate change 
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towards an arid one, is manifested through the high 

risk of fire outbreaks. 

Among the proposed conservation measures are: 
strict control of livestock grazing careful management 

of grazing period, control of motor vehicle traffic 
including the installation of barriers on access roads 

to the alpine meadow, involvement of the local 

community in promoting mountain products as a 
better means of livelihood. 

Effectiveness in terms of the conservation capa-
city of habitats, species and landscapes has two 

aspects, forest conservation and conservation 
effectiveness in the alpine area. If at first sight the 

conservation has the expected effect in the Latorița 

forest nature reserve (7.10 ha) and the mixed forests 
of larch, spruce and fir (that are included in forests 

with high conservation value, which in the protected 
area occupy 591 ha (functional type I) of which 141.1 

ha represent European larch forest (Larix decidua), in 

terms of grazing, various other future threats arising 
from overgrazing and the development of a network 

of access roads on the southern slope of the 
protected area, the effective-ness is continuously 

declining. 
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Abstract 

Biodiversity of our planet is rapidly eliminated, at rates much 
higher than ever observed in human history. The birds of prey, 
among others few groups of bird species in Europe, have the 
highest proportion of threatened and near threatened species per 
taxonomic group and also, 25% of birds of prey species are 
experiencing population decline. Today, more than never in our 
modern life, we have to fight for nature conservation. Our 
understanding of biological diversity has broadened due to the 
fact that the use of phylogenies in ecology is increasingly 
common. If our conservation efforts are directed to maximize the 
preservation of biodiversity in a broad sense, we have to think 
beyond species. If we treat the species as evolutionary units, and 
not like types, our conservation efforts will preserve not only the 
organism, but the organism capacity to responde to 
environmental changes. In this paper I aimed to highlight the 
importance of phylogenetic information in conservation of birds of 
prey species in Europe through the EDGE approach. This metric 
has been implemented to prioritise species, beeing the only global 
initiative to focus on conservation of threatened species with 
significant amount of unique evolutionary history. Using this 
approach in conservation, we can be more confident that we will 
have the potential to preserve more functional trait diversity than 
expected. The top five birds of prey EDGE species in Europe are: 
osprey (Pandion haliaetus), the black-winged kite (Elanus 
caeruleus), the egyptian vulture (Neophron percnopterus), the 
european honey-buzzard (Pernis apivorus) and the bearded 
vulture (Gypaetus barbatus), according their EDGE scores. 

Keywords: birds of prey, phylogenetic diversity, evolutionary 
distinctiveness, EDGE, conservation 

Rezumat. Diversitatea filogenetică și abordarea 
EDGE pentru conservarea speciilor de păsări de 
pradă în Europa 

Biodiversitatea planetei noastre este eliminată rapid, cu rate mult 
mai mari decât cele observate vreodată în istoria omenirii. Păsările 
de pradă, printre altele câteva grupuri de specii de păsări din 
Europa, au cea mai mare proporție de specii amenințate și 
aproape amenințate per grup taxonomic și, de asemenea, 25% 
dintre speciile de păsări de pradă se confruntă cu declinul 
populației. Astăzi, mai mult ca niciodată în viața noastră modernă, 
trebuie să luptăm pentru conservarea naturii. Înțelegerea noastră 
asupra diversității biologice s-a extins datorită faptului că utilizarea 
filogeniilor în ecologie este din ce în ce mai comună. Dacă 
eforturile noastre de conservare sunt îndreptate spre maximizarea 
conservării biodiversităţii într-un sens larg, trebuie să gândim 
dincolo de specii. Dacă tratăm speciile ca unități evolutive și nu ca 
tipuri, eforturile noastre de conservare vor păstra nu numai 
organismul, ci și capacitatea organismului de a răspunde la 
schimbările de mediu. În această lucrare mi-am propus să 
evidențiez importanța informațiilor filogenetice în conservarea 
speciilor de păsări de pradă din Europa prin abordarea EDGE. 
Aceast indicator a fost implementat pentru a prioritiza speciile, 
fiind singura inițiativă globală care se concentrează pe 
conservarea speciilor amenințate care posedă o cantitate 
semnificativă de istorie evolutivă unică. Folosind această abordare 
în conservare, putem fi mai încrezători că vom păstra o mai mare 
diversitate de trăsături funcționale. Primele cinci specii de păsări 
răpitoare EDGE din Europa sunt: uliganul pesacr (Pandion 
haliaetus), gaie cu aripi negre (Elanus caeruleus), vulturul 
egiptean (Neophron percnopterus), viesparul (Pernis apivorus) și 
vulturul barbos (Gypaetus barbatus), conform scorurilor lor EDGE. 

Cuvinte-cheie: păsări de pradă, diversitate filogenetică, 
distinctivitate evolutivă, EDGE, conservare 

Introduction 

Biodiversity of our planet is rapidly eliminated, at 

rates much higher than ever observed in human 
history. Whether we are talking about habitat 

destruction and fragmentattion, pollution, 
overexploitation of forestry and fishery resources, 

invasive species, and to the effect of climate changes, 

a high number of species were already extinct and 
others have suffered several population declines, 

situation recognized today as the “sixth mass 
extinction” (Pellens& Grandcollas, 2016). 

Today, more than never in our modern life, we have 
to fight for nature conservation. Most often, 

biodiversity conservation was based on traditionally 

measures like species richness, number of endemics 
and threatened species at different sites, considering 

all species as equals, regardless to their evolutionary 
history (Pellens& Grandcollas, 2016). At the same time, 

species richness (number of species) recorded in a 

local community is the simplest concept of diversity 
(Mittelbach & McGill, 2019). 

Species play a fundamental role in the functioning 
of ecosystems, two mechanisms being involved: niche 

complementarity and species selection (Mittelbach & 
McGill, 2019). It is known that systems with many 

species produce more biomass and capture more 

resources than those with only a few species, at 
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different trophic levels and habitats (Van Dyke & Lamb, 

2020). 

Our understanding of biological diversity has 
broadened due to the fact that the use of phylogenies 

in ecology is increasingly common (Tucker et al., 
2016). If our conservation efforts are directed to 

maximize the preservation of biodiversity in a broad 

sense, we have to think beyond species (Cadotte & 
Davies, 2016). If we treat the species as evolutionary 

units, and not like types, our conservation efforts will 
preserve not only the organism, but the organism 

capacity to respond to environmental changes (Van 
Dyke & Lamb, 2020). Grouping closely related species 

into evolutionary clade that share much of their 

evolutionary history, we will get groups of species by 
more similarities regarding their life histories and 

ecology (Cadotte & Davies, 2016). In order to 
maximize biodiversity rather than just species richness 

in our conservation efforts, one way will be to measure 

all traits for each species, by selecting those species 
that maximize trait diversity. Using phylogeny as a 

simple proxy, we can assume that phylogenetic 
relatedness should be correlated with species 

morphology and ecology, and, by maximizing the 
preservation of phylogenetic diversity we will enhance 

the preservation of phenotypic and ecological diversity 

(Cadotte & Davies, 2016). 
Unfortunately, the resources currently available for 

conservation are insufficient, and for this reason, 
conservation planners have been forced to prioritise 

which species should receive the most protection 

(Isaac et al., 2007). So, any conservation plan focuses 
on the key concept of prioritization (Bromham, 2016). 

Starting from the idea that some species are closer to 
extinction than others, one way is to rank species 

according to their risk of extinction, categorization 
provided by IUCN (International Union for 

Conservation of Nature) Red List (Bromham, 2016). 

Another, complementary way is to rank species 
independently of haw rare or threatened they are, 

considering the evolutionary distinctiveness of a 
species, or its relative uniqueness within a phylogeny 

(Bromham, 2016; Cadotte & Davies, 2016). 

Conservation priority setting must have as its key 
component the maximizing of phylogenetic diversity 

(Faith, 1992; Witting & Loeschcke, 1995; Isaac et al., 
2007), a biodiversity measure based on phylogenetic 

branch lengths, calculated as the sum branch lengths 

connecting all species involved (Bromham, 2016). By 
measuring phylogenetic diversity, we are able to 

weight the number of species in a sample by their 
shared evolutionary history (Swenson, 2020). 

However, the use of phylogenetic diversity in 
conservation has been limited so far, for multiple 

reasons, but the most obvious is that it can be difficult 

to evaluate the connection between phylogeny and 

values of biodiversity that most people are familiar with 

(Bromham, 2016). 

In response to the phylogenetic diversity limitation, 
a program named EDGE (Evolutionarily Distinct and 

Globally Endangered) has been developed, to prioritize 
species for conservation, based on a combination of 

their phylogenetic position and their IUCN Red List 

category (Bromham, 2016). In this way, we will finally 
get a list of species that are both evolutionarily distinct 

and globally endangered, so called EDGE species 
(Isaac et al., 2007).  

Conservation prioritisation approaches that do not 
take phylogenetic relationships between species into 

consideration will fail to prevent the loss of large 

amounts of phylogenetic and functional trait diversity 
(Gumbs et al., 2018). A metric widespread to integrate 

phylogeny into the prioritisation of species is 
evolutionary distinctiveness (Gumbs et al., 2018). 

In this paper we aimed at highlighting the 

importance of phylogenetic information for the 
conservation of birds of prey species in Europe through 

the EDGE approach. The birds of prey, among other 
few groups of bird species in Europe, have the highest 

proportion of threatened and near threatened species 
per taxonomic group and also, 25% of birds of prey 

species are experiencing population decline (BirdLife 

International, 2015; BirdLife International, 2021). 
Beyond the ecosystem services provided by 

scavengers and predators, birds of prey species are 
indicators of biodiversity and environmental health, 

and can structure biological communities, being at the 

same time particularly sensitive to anthropogenic 
threats (McClure et al., 2018). 

In Europe there are nesting some 40 birds of prey 
species (Keller et al., 2020). In this paper we have 

included a number of 39 species, excluding shikra 
(Accipiter badius), which nests only in a confined area, 

Armenia and Azerbaijan (Keller et al., 2020), with 

unclear status in Eastern Europe. 

Methods 

We can explore and describe large scale-patterns of 

biodiversity and analyse how these patterns emerged 
over evolutionary time, starting from digital data that 

describe species distributions, which have recently 

seen a very rapid growth (Fjeldså et al., 2020).  

Species data acquisition 

Data for birds of prey were obtained from BirdLife 
(http://datazone.birdlife.org) in a shapefile format, for 

all 39 species. Subsequent processing operations were 
made in ArcMap 10.2 (https://www.esri.com). 
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Convert raw input distribution data to 
community 

Raw species distribution data available were 

converted as polygons to a community composition 
data frame (grid), at spatial grains of 0.5 decimal 

degrees and to extent of Europe, for downstream 

analyses. For this purpose, we utilized phyloregion R 
library (Daru et al., 2020).  

Birds of prey phylogeny 

To get an information regarding phylogenetic 

relationships between the 39 birds of prey species from 
Europe, a distribution of 3000 full molecular trees was 

downloaded from BirdTree.org (https://birdtree.org), a 

globally birds phylogeny database (Jetz et al., 2012). 
We obtained the Maximum Clade Credibility tree (best 

suported tree) using mean node heights (20% of trees 
were used as burnin) and the TreeAnnotator software, 

version 2.6.6 (Drummond & Rambaut, 2007). From 
this tree, we extracted node ages and 95% HPD 

(Height Posterior Density) and also the posterior 

probability for each node. HPD usually represents the 
uncertainty of inferred divergence times. Plotting the 

tree was made with RevGadgets library from R (Tribble 
et al., 2021).  

Phylogenetic diversity (PD) 

According to Faith (1992), phylogenetic diversity 

(PD) is a biodiversity measure based on phylogenetic 

branch lengths connecting all the species in a set, with 
higher biodiversity score for a set of species 

representing distantly related lineages than the same 
number of species that are each other′s close relatives 

(Bromham, 2016). We calculated PD for our group of 
39 birds of prey species of Europe, for each grid cells, 

by summing all the edge lengths from the vector of 

edge lengths (Cadotte & Davies, 2016), measured in 
millions of years (Myr), based on phylogeny.  

Evolutionary distinctiveness (ED) 

Based on Isaac et. al. (2007), evolutionary 

distinctiveness (ED) was calculated by dividing  the 
total phylogenetic diversity of a clade amongst its 

members, by applying a value to each branch of the 

phylogenetic tree equal to its length divided by the 
number of species substending the branch. Thus, for a 

species, ED is the sum of these values for all branches 
from which the species is descended, to the root of the 

phylogeny (Isaac et al. 2007), measured in millions of 
years (Myr). Species with many splits from root to tip 

have many close relatives and are less evolutionary 

distinct (Cadotte & Davies, 2016). 

EDGE (Evolutionarily Distinct and Globally 
Endangered) calculation 

To obtain EDGE score for each bird of prey species, 

we combined ED with threat status, using the relation 
(Isaac et. al. 2007; Cadotte & Davies, 2016, Bromham, 

2016): 
𝐸𝐷𝐺𝐸 = ln(1 + 𝐸𝐷) + 𝐺𝐸 ∗ ln(2) 

where GE (Global Endangerment) is the IUCN Red List 

category weight (Least Concern = 0, Near Threatened 
and Conservation Dependent = 1, Vulnerable = 2, 

Endangered = 3, Critically Endangered = 4). Finally, 

EDGE species scores are interpreted as the log-
transformed expected loss of evolutionary diversity, in 

which each increment in threat status ranking 
corresponds to a doubling of extinction probability 

(Isaac et. al. 2007; Cadotte & Davies, 2016). 

This metric has been implemented by the EDGE of 
Existence programme at the Zoological Society of 

London to prioritise species in several taxonomic groups, 
beeing the only global initiative to focus on conservation 

of threatened species with significant amount of unique 
evolutionary history (Gumbs et al., 2018). Using this 

approach in conservation we can be more confident that 

we will have the potential to preserve more functional 
trait diversity than expected (Redding et al., 2009; 

Gumbs et al., 2018). 
EDGE species are species that have an above median 

ED score and are also threatened with extinction 

(Critically Endangered, Endangered or Vulnerable on the 
IUCN Red List).  

Species richness and pylogenetic diversity maps for 
the European birds of prey nesting species were made 

with the help of phyloregion R library (Daru et al., 2020). 

Also, ED and EDGE scores for each species were 
obtained with the same R library, using evol_distint and 

EDGE functions. We also conducted a linear regression 
with species richness as independent variable and 

phylogenetic diversity as dependent variable (Rueda-M 
butterflies) to find the magnitude of this relationship and 

to plot residuals to highlight the areas where these 

variables are different.  
Information regarding species risk of extinction 

categorization were obtained from IUCN website 
(https://www.iucnredlist.org) and European Red List of 

birds (BirdLife International, 2015; BirdLife 

International, 2021). 
We performed an one-way ANOVA to test if ED is 

distributed evenly between Least Concern species and 
the other categories of species grouped together (Near 

Threatened, Vulnerable, Endangered and Critically 
Endangered). 

Results 

The 39 birds of prey species that nest in Europe 

belong to two orders: Accipitriformes (family 
Pandionidae - 1 species; family Accipitridae - 28 species) 

and Falconiformes (family Falconidae - 10 species), 
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according to Del Hoyo, 2020 and Keller et al., 2020. The 

complete list of species is presented in Table 1.

Table 1: Evolutionary distinctiveness and EDGE scores for birds of prey in Europe with IUCN 
Red List assessments (in bold, the first five species with the largest magnitude for each 

metrics) 

Species Estimated ED in Myr Red List category (for 
Europe only)* 

EDGE score 

Order Accipitriformes 
Family Accipitridae 

Aegypius monachus 26.542 LC 3.316 

Gyps fulvus 26.542 LC 3.316 

Gypaetus barbatus 34.667 VU 3.643 

Neophron percnopterus 34.667 EN 4.038 

Circus aeruginosus 17.066 LC 2.894 

Circus macrourus 17.066 NT 2.900 

Circus pygargus 18.089 LC 2.949 

Circus cyaneus 18.694 NT 2.987 

Elanus caeruleus 57.459 LC 4.069 

Pernis apivorus 40.279 LC 3.721 

Milvus milvus 15.312 NT 2.798 

Milvus migrans 15.312 LC 2.792 

Circaetus gallicus 34.215 LC 3.562 

Haliaeetus albicilla 24.628 LC 3.244 

Clanga pomarina 11.269 LC 2.507 

Clanga clanga 11.269 EN 2.971 

Aquila nipalensis 10.757 CR 3.156 

Aquila adalberti 9.623 VU 2.432 

Aquila heliaca 9.623 LC 2.363 

Aquila chrysaetos 13.460 LC 2.672 

Aquila fasciata 13.460 NT 2.678 

Hieraaetus pennatus 14.737 LC 2.756 

Accipiter brevipes 28.408 LC 3.381 

Accipiter nisus 26.795 LC 3.325 

Accipiter gentilis 25.182 LC 3.265 

Buteo buteo 11.878 LC 2.556 

Buteo lagopus 12.757 LC 2.622 

Buteo rufinus 11.878 LC 2.556 

Family Pandionidae 

Pandion haliaetus 62.309 LC 4.148 

Order Falconiformes 
Family Falconidae 

Falco cherrug 11.698 VU 2.610 

Falco rusticolus 11.698 LC 2.542 

Falco peregrinus 13.350 LC 2.664 

Falco vespertinus 18.580 NT 2.981 

Falco eleonorae 14.415 LC 2.736 

Falco subbuteo 14.415 LC 2.736 

Falco biarmicus 11.852 EN 3.017 

Falco naumanni 17.780 LC 2.933 

Falco tinnunculus 17.780 LC 2.933 

Falco columbarius 20.825 LC 3.083 

                                                   *after European Red List of birds (BirdLife 2015; BirdLife International, 2021) 
 

 The dated phylogenetic tree showing 
relationships between birds of prey species are 

indicated in Figure 1, allowed to notice that ancestors 

of Falconiformes order species have diverged from 
the rest of the birds of prey species around 83.375 

Myr (95% HPD:75.270 – 91.389), and osprey 
(Pandion haliaetus), the only species of family 

Pandionidae, has split from the rest of the group 

species of Accipitriformes order around 61.557 Myr 
(95% HPD:49.734 – 73.325). Also, the black-winged 
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kite (Elanus caeruleus) has a distinct evolutionary 

path over Accipitriformes order since around 56.527 

Myr (95% HPD:45.063 – 67.578).

 

Fig. 1: The maximum-clade credibility phylogeny of birds of prey of Europe (see methodology 

for more informations). Bars correspond to the 95% credible interval of node ages, and 

are colored by the posterior probability of the clade 

The spatial distribution of PD and species richness 

of birds of prey in Europe is quite uneven (Fig. 2, A 
and B), higher values of species richness and PD 

being concentrated within the eastern and southern 
part of Europe. Although species richness has a 

strong and significant effect on PD (adjusted R2 = 
0.927, p ≤0.0001), the map of residuals (Fig. 2, C) 

indicate that PD is underestimated in Eastern Europe 

(blues zones in Fig. 2, C) and overestimated in 
Western and Northern Europe (red zones in Fig. 2, C). 

The values of ED (in Myr) and EDGE scores for 
each of 39 birds of prey species of Europe are 

indicated in Table 1. Most taxa are relatively young, 

with little evolutionary distinctiveness, ED scores 
distribution being slightly skewed to the right (Fig. 3). 

All the birds of prey from Europe, present in this 

study, have a median ED equal with 17.066 Myr (Fig. 

3). The highest value for this diversity metric (62.309 
Myr) has been found for osprey (Pandion haliaetus), 
while the lowest value (9.623 Myr) is shared between 
the Spanish imperial eagle (Aquila adalberti) and the 

eastern imperial eagle (Aquila heliaca). Thus, osprey 
(Pandion haliaetus) is the most evolutionary distinct 

birds of prey species in Europe. The median EDGE 

score for species is 2.933, with 19 birds of prey 
species having an EDGE score greater than median 

value (Table 1; Fig. 3). At the top of the EDGE scores 
list we found the osprey (Pandion haliaetus), with 

4.148, while at the opposite pole, with the lowest 

value – the eastern imperial eagle (Aquila heliaca), 
with 2.363 (Table 1). 
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Fig. 2: Maps of diversity metrics. (A) Birds of prey phylogenetic diversity, (B) birds of prey 
species richness, (C) residuals of birds of prey phylogenetic diversity regressed on birds of 

prey species richness, and (D) phylogenetic diversity for the top five birds of prey EDGE 

species. All maps were plotted in grid cells of 0.5° x 0.5° 

 

Fig. 3: Density distribution for (top) EDGE and 

(down) ED scores for birds of prey 
species of Europe. The dashed line 

represents the median value 

Moreover, out of the 39 birds of prey species of 

Europe, 12 (30,77%) were considered at high risk for 
extinction (Table 1), according to IUCN (Near 

Threatened, Vulnerable, Endangered or Critically 

Endangered). The remaining 27 birds of prey species 
are in the Least Concern category, having a slightly 

higher mean of ED scores (2.968, using log 
transformed scores) than mean of ED scores (2.758) 

for those species with high risk of extinction, but the 

relationship is not significant (F1,37 = 1.634; p = 
0.209; using log transformed  ED scores), thus ED 

being distributed almost evenly between this two 
category of species. 

Discussion 

Birds of prey species, as top predators, are critical for 
maintaining ecosystem structure, function and services. 

They link ecosystem processes and energy fluxes by 

their effect on trophic webs, extended to the lower 
levels (Cruz et al., 2021). During the last few decades, 

populations of some birds of prey species has decline 
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dramatically, so they face extinction unless effective 

conservation measures are taken (Cruz et al., 2021).  

The top five birds of prey EDGE species in Europe 
are: osprey (Pandion haliaetus), the black-winged kite 

(Elanus caeruleus), the Egyptian vulture (Neophron 
percnopterus), the European honey-buzzard (Pernis 
apivorus) and the bearded vulture (Gypaetus barbatus), 
according to their EDGE scores (Table 1). Data in Table 
1 related to these five species indicate that the IUCN 

status of species (Critically Endangered, Endangered or 
Vulnerable) alone does not guarantee a high priority for 

conservation, the European honey-buzzard (Pernis 
apivorus), the black-winged kite (Elanus caeruleus), and 

osprey (Pandion haliaetus) being least exposed to 

extinction, categorized as Least Concern, their 
distinctive evolutionary paths causing them to be placed 

in the first EDGE positions. Thus, the only ”true” EDGE 
birds of prey species are the Egyptian vulture (Neophron 
percnopterus) and the bearded vulture (Gypaetus 
barbatus), with both an above median ED score and 
highly threatened status. Geographically, this top five 

birds of prey EDGE species are mostly spread in the 
Mediterranean region (Fig. 2, D). 

Statistically, this analysis identified 19 birds of prey 
within Europe (with EDGE score higher than median 

EDGE value) as EDGE species (Table 1), thus, species 

with high priority attention for conservation. Among 
them, one is considered as Critically Endangered (Aquila 
nipalensis) and three are grouped in the Endangered 
IUCN category (Neophron percnopterus, Clanga clanga 

and Falco biarmicus). The most endangered birds of 

prey species in Europe is the steppe eagle (Aquila 
nipalensis), according to European Red List of birds 

(BirdLife International, 2015; BirdLife International, 
2021), considered as Critically Endangered, with only an 

estimated population of 1000 pairs in Europe (Keller et 

al., 2020). Its ED score (10.757 Myr) is below the 
median value (17.066 Myr), a reason why its EDGE score 

(3.156) is not the highest, but bigger than median EDGE 
value (2.933). 

The three birds of prey species categorized as 
Endangered in Europe by IUCN are: the Egyptian 

vulture (Neophron percnopterus), the greater spotted 

eagle (Clanga clanga) and the lanner falcon (Falco 
biarmicus). The Egyptian vulture (Neophron 
percnopterus) has disappeared from the northern part 
of its range (Ukraine), with populations becoming more 

fragmented (Keller et al., 2020). About 50% of the 

European breeding population is restricted to Iberian 
Peninsula (Keller et al., 2020). Its ED score (34.667 

Myr) is above median value, leading this species to be 
on the third position on the EDGE species list (Table 1). 

The breeding range of the greater spotted eagle 
(Clanga clanga) in Europe is limited by 62ºN and 52-

53ºS (Keller et al., 2020). This species has disappeared 

from the southern part of Eastern Europe: Romania, 
Bulgaria, Moldova and southern Ukraine (Keller et al., 

2020). Its EDGE score (2.971) is slightly above median 

EDGE score (2.933), given that its evolutionary 

isolation is relative short, the greater spotted eagle 

(Clanga clanga) and the lesser spotted eagle (Clanga 
pomarina) being two sister species (which have an 

exclusive common ancestor), which started on distinct 
evolutionary paths around 2.122 Myr (95% HPD:0.885 

– 3.244), according to inferred phylogenetic 

relationships from the best supported tree. The lanner 
falcon (Falco biarmicus) is present in Europe from Italy 

across the Balkan Peninsula to Anatolia, south of 45 
ºN, but this species has registered a continuous 

decline, with massive losses in Italy, western Balkans 
and Turkey (Keller et al., 2020). Despite his low ED 

score (11.852 Myr), this species ”pass” the EDGE test, 

requiring increased attention for conservation. 
Among the 39 bird of prey species in Europe, three 

of them are considered by IUCN as Vulnerable: the 
bearded vulture (Gypaetus barbatus), the Spanish 

imperial eagle (Aquila adalberti) and the saker falcon 

(Falco cherrug). The bearded vulture (Gypaetus 
barbatus) is an EDGE species, with an EDGE score of 

3.643 (Table 1), while the other two species are not, 
despite their vulnerability to extinction. This 

contradiction arises from the fact that the Spanish 
imperial eagle (Aquila adalberti) and the saker falcon 

(Falco cherrug) have low values for ED (see Table 1).  

Thirteen birds of prey species of those 19 species 
with EDGE score higher than median EDGE value are 

considered Least Concern by IUCN in Europe, these 
species being important in terms of originality, or 

irreplaceability. On the other hand, among the species 

that are not included in the first 19 positions of the 
EDGE ranking list, there are species listed as Near 

Threatened or Vulnerable (see Table 1), but with a 
relative lower uniqueness compared to other species. 

According to Isaac et al. (2007), the EDGE 

approach can be used for conservation in a number of 
ways, prioritizing the most evolutionary distinct species 

when all factors were equal and resources are limited, 
generating easily a list of high-priority species that 

required urgent conservation or to use EDGE scores to 
weight species′ importance in selecting reserve 

networks. 

Conclusions 

Birds of prey species, as top predators, are critical 
for maintaining ecosystem structure, function and 

services, most of them being in a great risk of 
extinction. 

Based on the information related to the 

evolutionary history of the species and their probability 
of extinction, we can find an efficient way to prioritize 

species for conservation. For this purpose, EDGE 
program is a global initiative to focus on conservation 

of threatened species with significant amount of 
unique evolutionary history. Using this approach in 

conservation, we can be more confident that we will 
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have the potential to preserve more functional trait 

diversity than expected. 

The top five birds of prey EDGE species in Europe 
are: osprey (Pandion haliaetus), the black-winged kite 

(Elanus caeruleus), the egyptian vulture (Neophron 
percnopterus), the european honey-buzzard (Pernis 
apivorus) and the bearded vulture (Gypaetus 
barbatus), according their EDGE scores. 
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Abstract 

The research presented in this paper was carried out during three 
years of study (2018-2020) and aimed at studying soil erosion and 
losses of humus and major macroelements (nitrogen, phosphorus, 
potassium) based on the precipitation regime that produced 
runoff on the slope. The research was carried out on a stagnic 
vertic preluvosoil with a slope of 4%,  with a moderate acid 
reaction and a medium supply of nitrogen and potassium, and 
weak supply of phosphorus from Balota de Sus area, Dolj County, 
comprising 3 crops practiced in the area: wheat, corn, alfalfa 
compared to the field black (uncultivated) and spontaneous 
vegetation (natural). 
Following the researches, it was found that the most significant 
runoff on the slope was recorded in black fallow 471.98 mc/ha 
and corn 252.62 mc/ha, and the lowest were recorded in wheat 
183.43 mc/ha and alfalfa 118.87 mc/ha (25.14% compared to the 
black fallow). 
Soil erosion, or soil losses, recorded high values also in the case 
of corn cultivation 6.84 t/ha (39.42%) and in the case of black 
fallow 17.35 t/ha (100%). 
The humus in the soil was lost in the largest quantities also in the 
corn crop 198.19 kg/ha (40.56%) and black fallow 488.58 kg/ha 
(100%) and in quite small quantities in the case of alfalfa 89.20 
kg/ha (18.25 %). 
Nutrients in the soil have been lost, both by runoff water on 
sloping soil and by eroded soil, with higher amounts lost through 
eroded soil. 

Keywords: soil, erosion, nutrients, runoff 

Rezumat. Cercetări privind eroziunea solului și 
efectele acesteia în zona Balota, județul Dolj 

Cercetările prezentate în această lucrare s-au desfășurat pe 
parcursul a trei ani de studiu (2018-2020) și au vizat studiul 
eroziunii solului și al pierderilor de humus și macroelemente de 
ordin principal (azot, fosfor, potasiu) pe baza regimului de 
precipitații care au produs scurgerile pe pantă. 
Cercetările s-au efectuat pe un preluvosol vertic stagnic cu o 
reacție moderat acidă și o aprovizionare în azot și potasiu mijlocie, 
slab aprivizionat cu fosfor, cu pantă de 4% din comuna Balota de 
Sus, județul Dolj, cuprinzând 3 culturi care se practică în zonă: 
grâu, porumb, lucernă comparativ cu ogorul negru (nelucrat, 
necultivat) și vegetația spontană (naturală). 
În urma cercetărilor efectuate s-a constatat că cele mai însemnate 
scurgeri pe pantă s-au înregistrat la ogorul negru 471.98 mc/ha și 
porumb 252.62 mc/ha, iar cele mai reduse au fost înregistrate la 
grâu 183.43 mc/ha și lucernă 118.87 mc/ha (25.14% fața de 
ogorul negru). 
Eroziunea solului, sau pierderile de sol, a înregistrat valori mari tot 
în cazul culturii de porumb 6.84 t/ha (39.42 %) și în cazul ogorului 
negru 17.35 t/ha (100%). 
Humusul din sol s-a pierdut în cele mai mari cantități tot la cultura 
de porumb 198.19 kg/ha (40.56%) și ogor negru 488.58 kg/ha 
(100%) și în cantități destul de reduse în cazul lucernei 89.20 
kg/ha (18.25%). 
Nutrienții din sol s-au pierdut, atât prin scurgerile de apă pe solul 
în pantă, cât și prin solul erodat, mai mari fiind cantitățile pierdute 
prin solul erodat. 

Cuvinte-cheie: sol, eroziune, nutrienți, scurgeri 

 

Introduction 

Soil is the basis of production in agriculture 
activities. The combination of intensive farming 

activities, improper farming practices, rainfall 

regimes, and topography conditions that take place in 
agricultural land lead to the soil erosion problem. Soil 

erosion is the major constraint to agriculture that 
affects the yield production and degraded 

environmental sustainability. Furthermore, soil 

erosion that occurs in the agricultural area has 
jeopardized the sustainability of agriculture activities 

(Nasir Ahmad et al., 2020). 
Despite almost a century of research and 

extension efforts, soil erosion by water, wind and 
tillage continues to be the greatest threat to soil 

health and soil ecosystem services in many regions of 

the world. 

Soil erosion is not only an agricultural problem. It 
is associated with a host of environmental, social and 

economic issues. It has also been acknowledged as a 

major setback for food security and a serious problem 
for sustainable development (Telles et al., 2011).  

The erosion phenomenon is strongly influenced by 
the vegetation in the area, and the agricultural crops 

greatly influence the stability of the aggregates. The 

application of anti-erosion crop measures can lead to 
a decrease in soil erosion (Filiche, 2011). 

The process of erosion leads to the gradual 
destruction of the soil's properties (Cassol & Lima, 

2003; Bertoni & Lombardi Neto, 2008), since it not 
only carries away soil particles but also nutrients, 

organic matter and pesticides (Bronick & Lal, 2005), 

preventing or retarding the normal plant development 
(Montgomery, 2007). 

Soil erosion is a major concern for the 
environment and natural resources leading to a 
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serious threat to agricultural productivity and one of 

the major causes of land degradation. 

The nutrients uptake by plants from the soils or by 
water runoff, result in a decrease of the contents of 

nutrients (Dodocioiu et al., 2011) and the gradual 
decline of soil production capacity. Thus, nutrients 

consumption by crops and decreased nutrient 

availability through natural processes are necessary 
to be compensated by applying of fertilizers 

(Dodocioiu et al., 2013). 
Degraded soils cause crop yield decrease due to 

the removal of the richest layer of organic matter 
(Dodocioiu et al., 2013). Minimizing degradation and 

improving productivity requires studies on soil and 

agricultural management practices. Soil loss due to 
water erosion threatens the environment and 

generally exceeds soil formation time (Falcão et al., 
2020). 

Among various land degradation processes, soil 

erosion is recognized as a major environmental 
problem causing a loss of top soil and nutrients, 

reduced soil fertility (Zhao et al., 2013), and as a 
consequence, reduced crop yields (Telles et al., 

2011). 
Nutrients losses are significantly affected by 

different crop covers and increase with increase in the 

amount of rainfall (Singh et al., 2020). 
A cover crop canopy can reduce the soil erosion 

from cultivated fields during the peak season. The 
adequate ground cover canopy protects the land like 

an umbrella. The cover crop consists of cover that can 

reduce raindrop impact, reduces water velocities, 

decreases runoff, and increases water infiltration in 

the soil. Therefore, cover crops are one of the ways 
to reduce soil erosion (Nasir Ahmad et al., 2020). 

Erosion caused changes in soil carbon dynamics 
and non-point source water pollution are important 

environmental impacts. While erosion (e.g., 

detachment and transport) can lead to emission of 
trace gases into the atmosphere, deposition can bury 

and sequester some of the carbon (Lal, 2001).  
At the same time, many of erosion's impacts occur 

far from the source, as demonstrated by 
agrochemical runoff that can pollute and eutrophize 

water sources downstream, which further raises the 

importance of considering soil erosion control as an 
issue warranting tangible public support. 

Understanding the processes and mechanisms 
affecting runoff generation and subsequent soil 

erosion is essential for the development of improved 

soil and water conservation management practices. 
The study area is located in the northern hilly area 

of the Getic Piedmont, Dolj County (coordinates 
44°33'38.0"N 23°47'36.0"E), being represented by 

interfluvial fields separated by valleys or plateaus, 
bordered by hillsides with variable slopes (2-20%). 

The last level of relief is occupied by the soils affected 

by the stagnation processes (Fig. 1). 
The climate is temperate continental with slight 

Mediterranean nuances, the precipitations being of 
525-535 mm. The altitude is 210-230 m, eastern 

exposure, Murgași area, Balota de Sus village.

Fig. 1: Location of study area: left - Google Earth (accessed November 2021) ; right - Soil map 

(after Soils map of Romania, sc. 1:200.000)
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Material and methods 

The researches were carried out in Balota area, 

Dolj County, on a stagnic vertic preluvosoil with a 

slope of 4%, comprising 3 crops that are practiced in 
the area: wheat, maize, alfalfa compared to black 

fallow (uncultivated) and spontaneous vegetation 
(natural). These were framed within experimental 

plots with an area of 100 square meters. Each plot 

was delimited on all its sides with the help of plastic 
plates that were inserted into the soil to a depth of 

10 cm. In the downstream part of the plot, a runoff 
collection system was built, from a concrete triangle 

vessel finished with a collector tube that drains into a 
vessel. At the end of the collector tube was installed 

a metal sheet divider with a row of 7 holes, each hole 

being then separated into 7 parts so that the volume 
of runoffs collected represents only 49 parts of the 

total amount on the plot (Fig. 2). 
 

 

Fig. 2: Experimental plots located in Balota 

area 

Within these plots, in the period 2018-2020, the 
precipitation regime was followed, which caused the 

surface runoff and soil erosion, as well as the loss of 

soil, humus and nutrients. The results are listed in 
Tables 1-6. 

The soil on which it was experienced was a stagnic 
vertic preluvosoil, weakly-strongly decarbonated, 

formed on swollen clays with clay-loam texture, 
loamy-clay texture (***, 2012), with formula EL vs-st-

w2- k5-d5-TT (52)/AL (62) Spa-NI-e11, with the following 

horizons: Ao, A/B, Btw2, Bt2w1. 
On the horizon Ao the apparent density is 

moderate, the total porosity is moderate, the soil is 
poorly compacted, the wilting coefficient is very high, 

and the permeability is low. The soil reaction is 

moderately acidic (pH = 5.28-5.41). 
The degree of insurance with nitrogen is medium 

(0.14-0.17%), the degree of insurance with 
phosphorus is low (1.2-3.1 ppm P), the degree of 

insurance with potassium is medium (51.30-62.40 

ppm K) and the humus content is low (1.8-2.1%) - as 
well as in the research conducted by Grecu, 2010. 

The content of total nitrogen, phosphorus and 

potassium was determined on soil and water samples, 

lost by erosion, in different crops, thus establishing 
the losses of nutritive elements on the area where 

experiments are placed. 
 The pH was determined potentiometrically, in 

aqueous suspension at a soil to water ratio of 1/2.5 

using the Mettler Toledo pH-meter. 
The humus content was determined by the 

Walkley-Black method in concentrated sulfuric acid 
and potassium dichromate, titrating the excess 

oxidizing reagent with Mohr salt solution. 
The mobile phosphorus content was determined 

in ammonium lactate acetate extract (Enger-Riehm-

Domingo method) for the extraction of mobile 
phosphates from the soil (Ailincăi et al., 2009), and 

the obtained extract was treated with a coloring 
reagent consisting of ammonium molybdate and 

ascorbic acid. The solution was photocolorimetered to 

the UV-VIS spectrophotometer, V-530 Jasco, at a 
wavelength of 660 nm. 

The mobile potassium content of the soil was 
determined by the Egner-Riehm-Domingo method in 

the same extract obtained for the determination of 
mobile phosphorus, and was read on the Jenway PFP-

7 flamophotometer. 

The total nitrogen content was determined by the 
Kjeldhal method which involves two distinct phases: 

the mineralization of the organic matter in the soil, 
which was done using the Raypa MBC-6 digester and 

the distillation, which was carried out using the PRO-

NITRO 1 distillation unit.  
The reflectometer RQ-FLEX with kits for each 

indicator was used to determine the nitric, 
ammoniacal and total nitrogen present in the runoff 

water. 

Results and disscusions 

In 2018, only the precipitation regime or the rainy 
events that produced the runoffs and therefore 

erosion of the crops presented above were analyzed, 
in May, June and July. The values were of 60.90 mm 

in May, 40.70 mm in June and 28.90 mm in August, 
totaling 7 rain events. 

Table 1 shows the monthly and annual data (total) 

and the intensity of monthly precipitation (mm), the 
volume of runoff (m3/ha) and soil losses (erosion 

t/ha). 
From the data analysis it results that May was the 

month with the most intense rain events that caused 

a stronger erosion of the soil. Thus, the monthly 
runoff was in May between 45.0 m3/ha and 184.52 

m3/ha, and the erosion recorded values between 0.79 
and 8.76 t/ha eroded soil. 

From the experienced crops it results that, for this 
month, the lowest soil losses (poor erosion) are 

recorded in alfalfa and wheat (0.79 t/ha), crops that 
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cover the soil better and have a fascicular root 

system, well developed in the first 10 cm from the 

ground. At the opposite pole is the maize crop, which 
is a weeding crop with a distance between rows 

almost 7 times greater than that of wheat and alfalfa 

(leaving a good part of the land free, uncontrolled by 

roots), where the eroded soil is at 5.30 t/ha, 7.5 times 
higher than in the case of wheat and alfalfa.

 

Table 1: The regime of the monthly precipitations that produced the runoffs at Balota in 2018 

Crop Month 

May June July Total 

Rain-
fall 

(mm) 

Runoff 
(mc/h

a) 

Ero-
sion 

(t/ha) 

Rain-
fall 

(mm) 

Runoff 
(mc/h

a) 

Erosion 
(t/ha) 

Rain-
fall 

(mm) 

Runoff 
(mc/h

a) 

Ero-
sion 

(t/ha) 

Rain-
fall 

(mm) 

Runoff 
(mc/h

a) 

Ero-
sion 

(t/ha) 

Wheat 60.90 77.30 0.79 40.70 51.69 0.5291 28.90 36.70 0.475 130.50 156.69 1.794 

Maize 60.90 138.80 5.30 40.70 92.79 1.343 28.90 65.89 0.953 130.50 297.48 7.596 

Alfalfa 60.90 45.06 0.791 40.70 32.56 0.488 28.90 20.51 0.324 130.50 98.13 1.603 

Black 
fallow 

60.90 184.52 8.76 40.70 123.32 5.860 28.90 85.14 4.16 130.50 392.98 18.78 

Natural 
vegeta-
tion 

60.90 108.42 6.65 40.70 62.49 0.651 28.90 46.24 0.462 130.50 217.15 7.763 

And in the case of spontaneous vegetation that 

does not cover the land so well, there is a high level 
of erosion (6.65 t/ha), which only partially covers the 

soil due to the abusive grazing. 
Of course, when using the black fallow as a term 

of comparison with other crops, it produces the 

strongest soil erosion 8.76 t/ha, 10-11 times higher 
than wheat and alfalfa and almost double compared 

with maize. 

Surface runoff and erosion evolve in the same 

direction in June and July, only the values are lower 
due to the lower volume of precipitation. 

Annually, the direction of erosion events is the 
same: on the first place in terms of erosion is the 

black fallow with 18.78 t/ha eroded soil, followed by 

maize with 7.596 t/ha eroded soil. Erosion in the case 
of wheat and alfalfa is very low.

 

Table 2: Losses of nutrients and humus in 2018 

Crop Through the water running down the slope Through the soil entrained by runoff water 

Runoff  
(mc/h) 

N-NO3 
(kg/ha) 

N-NH4 
(kg/ha) 

Ntotal 

(kg/ha) 

P2O5 

(kg/ha) 

K2O 
(kg/ha) 

Eroded 
soil 
(t/ha) 

Humus 
(kg/ha) 

N 
(kg/ha) 

P2O5 

(kg/ha) 

K2O 
(kg/ha) 

Wheat 156.69 0.174 0.153 0.327 0.056 0.744 1.799 69.231 3.12 0.304 0.623 

Maize 297.48 0.321 0.284 0.505 0.094 1.285 7.596 200.798 9.03 0.689 1.581 

Alfalfa 98.13 0.118 0.109 0.227 0.032 0.583 1.603 53.254 2.39 0.247 0.511 

Black fallow 392.98 0.421 0.396 0.817 0.124 1.642 18.720 460.334 20.73 0.935 3.105 

Natural vege-
tation 

217.15 0.292 0.254 0.546 0.075 0.916 7.763 203.492 9.15 0.711 1.611 

Analyzing nutrient and humus losses (Table 2) 

through water runoff and eroded soil this year shows: 
- through the water drained on the slope, it was 

lost between: 0.227 - 0.817 kg N/ha, 0.032 -0.124 kg 

P2O5/ha and 0. 583-1.642 kg K2O/ha. 
- the highest losses are recorded in the crops in 

which the highest volume of runoff was recorded: 
0.505 and 0.817 kg N/ha; 0.094 and 0.124 kg 

P2O5/ha, 1.285 and 1.642 kg K2O at maize and black 
fallow. 

- the lowest nutrient losses were recorded in the 

crops that had the lowest volume of runoff, 
respectively wheat and alfalfa: 0.327 and 0.227 kg 

N/ha; 0.056 and 0.032 kg P2O5/ha; 0.744 and 0.583 
kg K2O/ha. 

Through the soil eroded (entrained) by liquid 

runoff, larger amounts of fertilizing nutrients have 

been lost due to the fact that only soluble nutrients 

are entrained in the runoffs. 
Thus, the amount of humus lost was between 

53.254 kg/ha at the alfalfa crop and 460.334 kg/ha at 

the black fallow. 
The amount of nitrogen lost through the eroded 

soil is 2.39 kg N/ha under the alfalfa crop and 20.73 
kg N/ha in the black fallow. 

The amount of phosphorus lost through the 
eroded soil has values between 0.247 kg/ha for alfalfa 

cultivation and 0.935 kg/ha for black fallow. 

The amount of potassium lost through the eroded 
soil is between 0.511 kg/ha under alfalfa cultivation 

and 3.105 kg/ha in the black fallow. 
Analyzing the experimental results from 2018, it is 

obvious that alfalfa and wheat crops are very good 

protectors of the soil against erosion and nutrient 
losses from the soil. 
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Tabel 3: The regime of the monthly precipitations that produced the runoffs at Balota in 2019

Crop Month 

April May June Iuly Total 

Rainfall 
(mm) 

Runoff 
(mc/ha) 

Erosion 
(t/ha) 

Rainfall 
(mm) 

Runoff 
(mc/ha) 

Erosion 
(t/ha) 

Rainfall 
(mm) 

Runoff 
(mc/ha) 

Erosion 
(t/ha) 

Rainfall 
(mm) 

Runoff 
(mc/ha) 

Erosion 
(t/ha) 

Rainfall  
(mm) 

Runoff 
(mc/ha) 

Erosion 
(t/ha) 

 Wheat 78.7 92.09 1.65 24.5 29.6 0.671 22.1 26.07 0.594 55.4 64.88 1.26 180.7 212.6
4 

4.17 

 Maize 0.00 0.00 0.00 24.5 53.21 2.021 22.1 37.54 1.48 55.4 88.25 2.82 102.0 179.0 6.32 

 Alfalfa 78.7 58.87 1.211 24.5 19.11 0.426 22.1 17.09 0.411 55.4 37.11 1.09 180.7 132.1
8 

3.138 

 fal-Black
low 

78.7 241.6
0 

5.48 24.5 74.97 2.23 22.1 67.18 2.04 55.4 169.4
2 

4.11 180.7 553.1
7 

13.86 

 Natural 
vegetation 

78.7 110.9
6 

1.96 24.5 32.11 0.93 22.1 27.19 0.782 55.4 72.23 1.73 180.7 242.4
9 

5.40 

In 2019, there were 8 rain events that determined 

the erosion in the months during the vegetation 
period of the respective experienced crops in April, 

May, June and July. The total value of the precipitation 

that caused the erosion is 180.7 mm, except the value 
of 102 mm for maize (which in May was barely sown, 

this month not being taken into account). 
The total liquid runoffs were between 132.18 

m3/ha and 553.17 m3/ha. The lowest volume of runoff 

was recorded in alfalfa and wheat 132.18 and 212.64 

m3/ha, and the highest in spontaneous vegetation 
and black fallow 242.49 and 553.17 m3/ha. In the 

same sense, the erosion evolved with higher values 

for black fallow and maize 553.17 m3/ha and 179 
m3/ha, while for alfalfa crop the erosion registered 

only 132.18 m3/ha.

 

Tabel 4: Losses of nutrients and humus in 2019 

Crop Through the water running down the slope Through the soil entrained by runoff water 

Runoff  
(mc/h) 

N-NO3 
(kg/ha) 

N-NH4 
(kg/ha) 

Ntotal 

(kg/ha) 

P2O5 

(kg/ha) 

K2O 
(kg/ha) 

Eroded 
soil 
(t/ha) 

Humus 
(kg/ha) 

N 
(kg/ha) 

P2O5 

(kg/ha) 

K2O 
(kg/ha) 

Wheat 212.64 0.283 0.261 0.544 0.094 0.992 4.178 150.142 7.402 0.571 1.351 

Maize 179.0 0.191 0.167 0.358 0.083 0.725 6.32 188.26 9.336 0.627 1.789 

Alfalfa 132.18 0.158 0.135 0.393 0.047 0.611 3.137 106.254 5.341 0.368 0.973 

Black fallow 553.17 0.623 0.552 1.275 0.323 2.344 13.861 384.261 19.112 1.459 3.486 

vege-Natural
tation 

242.49 0.316 0.276 0.592 1.125 1.183 5.403 171.521 8.206 0.615 1.655 

Nutrient losses have been higher this year for 

maize (weeding crop) and black fallow, and low for 
wheat and alfalfa crops that better cover the land 

(Mocanu et al., 2013). 

Thus, through the liquid runoffs, higher amounts 
of nutrients were entrained in the case of maize 

crops, black fallow, spontaneous vegetation, 
respectively: 0.358; 1.275; 0.592 kg N/ha; 0.083; 

0.323; 1.125 kg P2O5/ha and 0.725; 2.344; 1.183 kg 

K2O/ha. 
For crops that cover the soil well and have a well-

developed root system such as wheat and alfalfa, 
nutrient losses through runoff are much lower: 0.544; 

0.393 kg N/ha; 0.094; 0.047 kg P2O5/ha; 0.922; 
0.611 kg K2O/ha. 

Through the eroded soil, smaller amounts of 

humus and nutrients have also been lost in the case 
of wheat and alfalfa crops: 150.42; 106.254 kg 

humus/ha; 7.402; 5.341 kg N/ha; 0.571; 0.368 kg 
P2O5/ha; 1.351; 0.973 kg K2O/ha and larger 

quantities for maize and black fallow: 188.26; 

384.261 kg humus/ha; 9.366; 19.112 kg N/ha; 0.627-

1.459 kg P2O5/ha and 1.789-3.486 kg K2O/ha. 
So, even this year, regardless of the volume of 

precipitation that causes erosion, soil losses through 

erosion and fertilizer elements is higher in the case of 
maize (weeding crop), black fallow, spontaneous 

vegetation and lower in the case of wheat and alfalfa, 
plants which covers much better the entire surface of 

the soil. 

In the year 2020, there were 6 rain events that 
generated surface runoffs and erosion, the total value 

of the precipitation that caused the erosion is 149.8 
mm, except the value of 117.3 mm for maize (which 

in May was barely sown, this month not being taken 
into account). 

As in other years, the largest runoff, the most 

severe erosion and the highest losses of humus and 
nutrients were recorded in the case of maize crops, 

spontaneous vegetation and especially in the black 
fallow, and the smallest in wheat and alfalfa (Table 5 

and 6).
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Table 5: The regime of the monthly precipitations that produced the runoffs at Balota in 2020 

Crop Month Total 

April May June Iuly 

Rain-
fall 

 
(mm) 

Run-
off 

(mc/
ha) 

Ero-
sion 

 
(t/h
a) 

Rain
fall 

 
(m
m) 

Run-
off 

(mc/
ha) 

Ero-
sion 

 
(t/ha

) 

Rain-
fall  

(mm
) 

Run-
off 

(mc/
ha) 

Ero-
sion 

 
(t/ha

) 

Rain-
fall 

 
(mm

) 

Run-
off 

(mc/
ha) 

Ero-
sion  
(t/ha

) 

Rain-
fall  

(mm
) 

Run-
off 

(mc/
ha) 

Ero-
sion 

(t/ha) 

Wheat  32.5 48.7
5 

0.76 28.9 33.3
5 

0.67
6 

48.7 54.31 1.23
1 

39.7 44.55 0.92
8 

149.
8 

180.9
6 

3.595 

Maize  0.0 0.0 0.0 28.9 70.8
1 

2.44 48.7 119.3
2 

2.41 39.7 91.26 1.78
0 

117.3 281.3
9 

6.630 

Alfalfa  32.5 27.8 0.68
5 

28.9 24.2
7 

0.62
4 

48.7 40.91 1.25 39.7 33.34 0.83
9 

149.
8 

126.3
2 

3.398 

Black fal-
low 

 32.5 112.
5 

4.72 28.9 99.7
1 

4.24 48.7 142.5 5.64 39.7 115.0
9 

4.83
1 

149.
8 

469.8
0 

19.431 

Natural 
vegetation 

 32.5 46.0
8 

0.82
1 

28.9 41.0
3 

0.82
1 

48.7 69.15 1.77 39.7 55.37 1.01
7 

149.
8 

211.6
3 

4.429 

 

Table 6: Losses of nutrients and humus in 2020 

Crop Through the water running down the slope Through the soil entrained by runoff water 

Runoff  
(mc/h) 

N-NO3 
(kg/ha) 

N-NH4 
(kg/ha) 

Ntotal 

(kg/ha) 

P2O5 

(kg/ha) 

K2O 
(kg/ha) 

Eroded 
soil 
(t/ha) 

Humus 
(kg/ha) 

N 
(kg/ha) 

P2O5 

(kg/ha) 

K2O 
(kg/ha) 

Wheat 180.96 0.196 0.171 0.377 0.171 0.787 3.595 125.22 5.99 0.440 1.125 

Maize 281.39 0.311 0.268 0.579 0.368 1.411 6.63 205.31 10.08 0.717 1.845 

Alfalfa 126.32 0.148 0.129 0.277 0.077 0.706 3.192 108.10 5.621 0.378 0.992 

Black fallow 469.80 0.496 0.421 0.917 0.663 1.933 19.491 621.16 30.42 2.174 5.591 

Natural vegeta-
tion 

211.63 0.289 0.258 0.556 0.179 0.903 4.489 166.10 8.04 0.581 1.494 

On average, over the three years of determination, 

a value of liquid runoff was recorded on the slope 
between 118.87 and 471.98 m3/ha. Of course, the 

most accentuated runoffs were in the case of the 

black fallow 471.98 m3/ha (100%) and the lowest in 
alfalfa 118.87 m3/ha (25.14%) of the runoffs in the 

black fallow) and wheat 183.43 m3/ha (38.86% of 

black fallow runoff). 
The average annual humus losses were between 

89.20 kg/ha for alfalfa and 488.58 kg/ha for black 

fallow (Table 7).

Table 7: Runoff losses, erosion and humus -total values over the three years of study (2018-

2020) and their annual averages 

Crop Total values Annual averages 

Rainfall Runoff Erosion Humus 
 

Runoff Erosion Humus 

mm mc/ha t/ha kg/ha mc/ha % t/ha % kg/ha % 

Wheat 461.0 550.29 9.559 344.593 183.43 38.86 3.18 18.30 114.86 23.50 

Maize 349.8 757.87 20.546 594.368 252.62 53.52 6.84 39.42 198.19 40.56 

Alfalfa 461.0 356.63 7.813 267.608 118.87 25.18 2.71 15.61 89.20 18.25 

Black fal-
low 

461.0 1415.95 52.07 1465.755 471.98 100 17.35 100 488.58 100 

Natural 
vegeta-
tion 

461.0 671.27 17.592 541.113 223.75 47.40 5.88 33.89 180.35 36.89 

 
Under natural rainfall conditions, the change in 

runoff was consistent with the change in monthly 
precipitation. Runoff volume increased with the 

increase in monthly precipitation (Xiao-na et al., 

2021). 
Erosion was also higher in the case of black fallow 

17.35 t/ha and spontaneous vegetation 5.88 t/ha and 
the lowest level was obviously recorded in alfalfa 2.71 

t/ha and wheat 3.18 t/ha, representing only 15.61 % 

and 18.30 % of the volume of black fallow erosion. 
Analyzing the average annual nutrient losses on 

the slope, we find the following: 

- the annual average of nitrogen losses through 
runoff is between 0.299 kg/ha for alfalfa (10.83 % of 

total losses) and 1.003 kg/ha for black fallow (36.31 
% of total losses). 
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Nitrogen losses through eroded soil are much 

higher, 14-23 times through eroded soil than through 

runoff water. Thus, in the case of the alfalfa that 
registers the lowest value, it amounts to 4.45 kg/ha 

(8.68 % of the total) and of 23.42 kg/ha in the case 
of the black fallow (45.66 % of the total). 

- the annual average of phosphorus losses is much 

lower than that of nitrogen losses, both through 
runoff water and through eroded soil, with values 

between 0.052-0.370 kg/ha through drained water 
and 0.430-1.500 kg/ha through soil eroded. This is 

due to the fact that phosphorus is more insoluble than 

nitrogen, being better fixed in the soil than this and 

to a much lesser extent lost through the phenomenon 

of erosion. 
- the annual losses of potassium (as average 

annual values) are also lower than those of nitrogen, 
but higher than those of phosphorus. Potassium is 

also lost on sloping soils in larger quantities in 

weeding crops (maize) 1.14 - 1.733 kg/ha and black 
fallow 1.97 - 4.06 kg/ha (35.31 % - 44.66 % of total) 

and in smaller quantities for crops that cover the land 
better: wheat 0.84-1.03 kg/ha and alfalfa 0.63-0.82 

kg/ha, respectively 9.02-11.29 % of the total losses.

Table 8: Nutrients losses on the slope - total values for the 3 years of study and their annual 

averages

Crop N P2O5 K2O 

Total  Annual average Total  Annual average Total  Annual average 

Run
off 
kg/
ha 

Soil 
kg/
ha 

Run
off 
kg/
ha 

% Soil 
kg/
ha 

% Run
off 
kg/
ha 

Soil 
kg/
ha 

Run
off 
kg/
ha 

% Soil 
kg/
ha 

% Run
off 
kg/
ha 

Soil 
kg/
ha 

Run
off 
kg/
ha 

% Soil 
kg/
ha 

% 

Whe
at 

1.24

8 

16.5

1 

0.41

6 

15.

06 

5.50 10.

72 

0.32

1 

1.31

5 

0.10

7 

12.

89 

0.43

0 

12.

10 

2.52 3.09 0.84 15.

05 

1.03 11.

17 

Maiz
e 

1.44

2 

28.4

4 

0.48

0 

17.

38 

9.46 18.

45 

0.54

5 

2.03

5 

0.18

1 

21.

80 

0.67

0 

18.

82 

3.42 5.21 1.14 20.

43 

1.73 18.

76 

Al-
falfa 

0.89

7 

13.3

5 

0.29

9 

10.

83 

4.45 8.6

8 

0.15

6 

0.99

1 

0.05

2 

6.2

7 

0.73

0 

9.2

6 

1.90 2.47 0.63 11.

29 

0.82 8.8

9 

Blac
k 
fal-
low 

3.00

9 

70.2

6 

1.00

3 

36.

31 

23.4

2 

45.

66 

1.11

0 

4.50 0.37

0 

44.

58 

1.50

0 

42.

13 

5.91 12.1

8 

1.97 35.

31 

4.06 44.

04 

Nat-
ural 
veg-
eta-
tion 

1.69

4 

25.3

9 

0.56

4 

20.

42 

8.46 16.

49 

0.37

9 

1.90

7 

0.12

0 

14.

46 

0.63

0 

17.

69 

3.00 4.76 1.00 17.

92 

1.58 17.

14 

Total - - 2.76
2 

100 51.2
9 

100 - - 0.83
0 

100 3.56 100 - - 5.58 100 9.22 100 

 
The anthropic intervention was generated by soil 

compaction, hardpan formation, soil erosion through 
improper soil tillage along the slope. Human-induced 

compaction of agricultural soil can be the result of 
using tillage equipment during soil cultivation or result 

from the heavy weight of field equipment. 

Conclusions 

The research conducted during the period 2018-
2020 regarding the losses of soil, humus and 

nutrients on the stagnic vertic preluvosoil from Balota, 
Dolj County with a slope of 4%, during the vegetation 

period of wheat, maize, alfalfa crops compared to 

black fallow, soil with spontaneous vegetation, 
highlighted, as an average for 3 years, the following: 

- most significant runoffs on the slope were 
recorded at the black fallow 471.98 m3/ha and maize 

252.62 m3/ha, and the lowest were recorded at wheat 
183.43 m3/ha and alfalfa 118.87 m3/ha (25.18 % 

compared to the black fallow). 

- soil erosion and soil losses, recorded high values 

also in the case of maize cultivation 6.84 t/ha (39.42 
%) and in the case of black fallow 17.35 t/ha (100%). 

- the humus from the soil was lost in the largest 
quantities also for maize crops, 198.19 kg/ha (40.56 

%) and black fallow 488.58 kg/ha (100%) and in 

quite small quantities in the case of alfalfa 89.20 
kg/ha (18.25 %). 

-  soil nutrients have been lost both by runoff 
water on sloping soil and by eroded soil, with higher 

amounts lost through eroded soil. 

Regardless of the analyzed nutrient (nitrogen, 
phosphorus, potassium), the highest losses are 

recorded, as well as in soil and humus, under the 
culture of maize, black fallow and spontaneous 

vegetation. 
In order to reduce the loss of soil and nutrients 

through the erosion processes on the slope, it is 

necessary to take remedial measures that consist of: 
- reduction of soil acidity by using calcareous 

amendments in doses of 4.8-5.3 t CaCO3/ha; 
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- to favor better absorption of clay-humic complex 

is recommended to use, once every 3 years, 25 t 

manure or other organic fertilizers existing in the area 
to increase the content of soil microorganisms, the 

content of organic matter and, implicitly, to increase 
the content of macroelements in the respective soil; 

- it is recommended to incorporate all organic 

waste into the soil by plowing in order to increase the 
content of organic matter and improve the absorption 

capacity of the clay-humic complex (Dodocioiu et al., 
2009); 

- it is recommended that all soil tillage to be done 
in the direction of contour lines. 

As a result of liquid and solid runoffs, significant 

amounts of nutrients are lost from agricultural land, 
leading to a decrease in soil fertility, with serious 

repercussions on the production capacity and health 
of agricultural land (Filiche, 2011). 
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Abstract 

The aim of this paper is to analyse the changes of Local Labour 
Markets (LLM) in Spain from 2001 to 2011 of 11 population 
subgroups (gender, 4 activities, 4 sectors and general population). 
An algorithmic iterative process with N-1 steps is used to examine 
commuting data for the 11 subgroups and to trace LLM in both 
years by maximising the self-containment of jobs (number of jobs 
occupied by residents of the area and number of residents 
working in the same area) of the generated areas. Four indexes 
are calculated for each LLM, and the variation of these four 
indexes between 2001 and 2011 allows us to classify them as 
areas that change from areas with a surplus of jobs to deficit 
areas, or vice versa. The evidence indicates an increase in 
mobility, difference in the rates of mobility according to subgroup 
characteristics, and the conversion of surplus markets in 
employment to deficit markets. These trends give way to wider 
functional areas and lower levels of self-containment reflected in 
the length of the journey to work. This impacts quality of life, 
social cohesion, and the sustainability of the territories. 

Keywords: Local Labour Markets, Employment, Mobility, 
Labour Policy, Immigrant Workers 

Rezumat. Piețele locale de forță de muncă și 
mobilitatea în Spania în perioada 2001 - 2011 

Lucrarea își propune să analizeze modificările înregistrate pe 
piețele locale de forță de muncă (PLF) din Spania din 2001 până 
în 2011, analizând 11 subgrupe de indicatori (ținând cont de sex, 
4 activități, 4 sectoare și populația totală). Pentru analiza datelor 
privind navetismul pentru toate cele 11 subcategorii, precum și 
pentru identificarea schimbărilor de PLF pentru ambii ani s-a 
folosit un proces iterativ algoritmic cu N-1 pași, maximizând 
slujbele auto-restricționate (numărul de slujbe deținute de 
rezidenții din zonă și numărul rezidenților ce lucrau în aceeași 
zonă) pentru ariile generate. Pentru fiecare PLF sunt calculați 4 
indici, variația acestora între 2001 și 2011 permițându-ne să 
identificăm dacă trec dintr-o categorie în alta (de la areale cu un 
surplus de locuri de muncă la areale cu deficit sau invers). 
Rezultatele arată că existe o creștere a mobilității, diferențe ale 
ratelor de mobilitate în funcție de caracteristicile subgrupelor, 
precum și conversia piețelor cu surplus de locuri de muncă în piețe 
cu deficit. Aceste tendințe reliefează vaste zone funcționale 
precum și niveluri mai reduse de auto-restricționare, reflectate în 
timpul parcurs pentru a ajunge la locul de muncă. Toate acestea 
au impact asupra calității vieții, coeziunii sociale și sustenabilității 
regiunilor. 

Cuvinte-cheie: piețe locale ale forței de muncă, angajare, 
mobilitate, strategia privind ocuparea forței de muncă, muncitori 
imigranți 

 

Introduction and Objectives 

This paper contributes to the current knowledge 

on labour market evolution and labour mobility by 
studying the change in the time of the choice of 

workplace and in the mobility of different segments 

of the population. Studies of the evolution of sector 
and gender specific regions over time exist for other 

countries (Farmer & Fotheringham, 2011; Green, 
Coombes, & Owen, 1986; Persyn, 2011). This study 

contributes to the existing literature by examining 11 
subgroups in all Spain. In the context of labour 

mobility, this paper addresses two themes: the 

difference in the preference of place of work for 
different subgroups of the population and the change 

in mobility over time. From the perspective of labour 
market evolution, this study can help to generate 

knowledge on where to locate policies and 

investments designed to stimulate employment 
growth through focused effort on regions that show 

job deficits. And whether these policies are 
compatible with the preferences and mobility 

behaviours of different subgroups of the population, 

also the study contributes to answer the question of 
where to locate public policies to limit increased 

mobility through the geographic concentration of the 

functions of living and working. The paper therefore 
assesses where the disadvantaged regions are 

located, indicating where economic growth is needed, 
and it identifies the mobility preferences of different 

types of workers.  
In order to answer this question, we use 

commuting data from Spanish workers from the 2001 

and 2011 censuses as a case study, thereby adding 
two qualities to the research. First, this research 

overcomes previous restrictions, as both censuses 
report commuting data in both years for workers in 

all  the country. This allows to fill the gap of previous 

works that have considered only some regions in 
Spain due the availability of the commuting 

information. Second, both censuses enables us to 
address mobility considering the desegregation of the 

general population in 11 subgroups. The summary of 

commuters from home to work is used to trace Local 
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Labour Markets (LLM) due its availability, its material 

condition over other types of interrelations not 

subject to the constraints of distance, its character of 
recurrent process, and the factor of linkage between 

municipalities of labour and municipalities of 
residence as an attempt to describe a pattern of 

activity around urban areas in a typical work day 

(Feria Toribio, 2008). 
Within this research frame, we trace LLMs for all 

of Spain for 2001 and 2011 using a set of survey-
based data from two consecutive censuses (Census 

of Population and Housing of 2001 and 2011) 
elaborated by the INE (Instituto Nacional de 

Estadística, Spanish Statistical Institute) to extract 
four indexes for each 𝐿𝐿𝑀 in 2001 (𝐿𝐿𝑀𝑖,2001) and 

2011 (𝐿𝐿𝑀𝑖,2011): (1) number of jobs in 𝐿𝐿𝑀𝑖, (2) 

supply-side self-containment or ratio of resident 
workers in 𝐿𝐿𝑀𝑖, (3) number of workers in 𝐿𝐿𝑀𝑖, and 

(4) demand-side self-containment or ratio of jobs 
occupied by workers that reside in 𝐿𝐿𝑀𝑖. By 

comparing these four indexes between 2001 and 
2011, each 𝐿𝐿𝑀𝑖 can be classified into one of five 

categories suggested by Carrasco and Díaz (2007) 
(A1, A2, B, C, D). In addition, the data is segmented 

into 11  subgroups (gender, activity, and sector) due 
to their different mobility preferences. 

By segmenting the population into subgroups we 
can expand on the evidence reported on other works 

(Beckman & Goulias, 2008; Coombes, Green, & 

Owen., 1988; Green et al., 1986; Hansen, 2015; 
Owen & Green, 2000; Rouwendal, 2004), pointing to 

the relative independence between one subgroup and 
another. We aim to avoid generalizing substantial 

differences in the journeys to work of the different 

sectors of the workforce (Coombes et al., 1988), as it 
is unrealistic to assume that all workers are identical 

in tastes as in income (Rouwendal, 2004).  
For instance, Rouwendal (2004) affirms that 

women have, on average, shorter commutes than 
men, because a long commute is usually more 

influenced by professional preferences for woman 

than for men. In another example, Beckman and 
Goulias (2008) segregates his sample to consider a 

finite number of classes of workers related to 
household size, implying that there is a relationship 

between household characteristics and commuting 

distances; however, he does not segregate by gender. 
About this approach, Rouwendal (2004) suggests that 

urban economics can predict a clear relationship 
between household characteristics (including income) 

and commuting distance, implying that differences 

among workers result in differences in commuting 
behaviours. Owen and Green (2000) also highlight 

that there are spatially concentrated patterns among 
ethnic groups, remarking on the possibility that this 

phenomenon could be valid for different occupation 
groups, activity sectors, genders, or even age. 

Further, using a database segmented by gender, 

Green et al. (1986) prove that there are different 

patterns of journeys to work and find different 
degrees of supply-side and demand-side self-

containment indexes between males and females. 
Carrasco and Díaz (2007) also indicate that it is very 

difficult to separate factors associated with the 

territory from those related to individual 
characteristics given that both sides are interspersed. 

They highlight the differences in terms of mobility 
between diverse subgroups like gender, level of 

income, level of education, and household 
composition. These differences are noted as well by 

Berdegué et al., (2011) who mentions that they are 

reflected through decisions about: their living place, 
capacities, gender systems, ethnicity, and other 

factors. Casado-Díaz (2000) recognizes how the 
relationship between place of work and residence 

varies both territorially and depending on gender, 

sector of activity, and occupation, explaining that the 
differences between subgroups could be explained by 

factors such as earnings, family responsibilities, car 
ownership, and number of hours of work. Thus  

revealing a set of overlapping labour market areas 
specific to gender, age, socioeconomic position, 

occupational and industrial activity, product of 

different access to transportation, and other 
resources (Green et al., 1986). When design of area 

is performed using aggregate data, such divisions are 
“averaged” away (Green et al., 1986). 

It should be mentioned that the sample is a 

description of behaviours and individual decisions 
about the need for mobility required for work reasons, 

and it is a measure of the demand for mobility 
required by a certain population. A complete analysis 

requires knowledge of the supply of public 

transportation and how this supply meets the needs 
of the working population, although the use of 

number of daily trips to work between municipalities 
as the primary source of information brings implied 

geographic features (rivers, major roads, railway 
lines, open spaces, etc.), as Openshaw, Alvindes, and 

Whalley (1998) point out.  

Knowing the benefits obtained through using 
functional labour markets instead of administrative 

regions, it is difficult to explain why it is not a more 
widespread practice or even mandatory in every small 

and medium enterprise (SME) for planning or project 

evaluation. To understand the problematic that 
tracing functional regions implies, it is necessary to 

consider that there is a wide range of methodologies 
with their respective algorithms and different ways of 

proceeding, all with particular nuances that lead to 
different results. Taking this into account, efforts have 

been made to resolve this problem and works have 

been carried out that propose a classification of 
regionalization techniques (Duque, Ramos, & 

Surinach., 2007; Fischer, 1980; Gordon, 1996; 
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Murtagh, 1985; Williams, 2005). Even so, much space 

remains for subjectivity, as Johnston, (1968) 

mentions, both in the techniques and in the tracing of 
the functional regions. This leads us to speculate that 

the wide range of methodologies and subjectivity are 
some of the primary reasons that the tracing of 

functional regions is not a widespread practice among 

small and medium enterprises and smaller 
organizations. 

Methodology and Materials 

Data 

Every 10 years, the Spanish Statistical Institute 

conducts the Census of Population and Housing. The 
surveys conducted in 2001 and 2011 allow us to 

examine a set of worker characteristics in detail 
(gender, occupation, activity, place of residence, place 

of work). Because the census is conducted 

periodically (every 10 years), it is possible to detect 
general changes or evolutions in the information. 

Therefore, we can determine changes in the 
demographic space assessing the mobility structure 

or labour market situation, synthesizing and 

presenting very specific explorations. In this case of 
study, the sample (Table 1) is stratified by: gender, 

occupation (agriculture, services, construction, and 
manufacturing), and activity (professional, white 

collar work, skilled manual work, and unskilled 
manual work). The commuters of each strata trace 
𝐿𝐿𝑀 for both 2001 and 2011, which are then 

classified into 𝐿𝐿𝑀 that change from surplus areas in 

jobs to deficit areas or vice versa, due to the variation 
of workers, jobs, and two self-containment indexes. 

Table 1: Short description of the sub-groups 

used in this study 

Strata Census 2001 Census 2011 

 Key of Classifi-
cation: 

Key of Classifi-
cation: 

General Population   

Women 6 6 

Men 1 1 

 

National Classi-
fication of  

Activities   

(CNAE-93): 

National Classi-
fication of  

Activities  

(CNAE-09): 

Agriculture 1 1 

Manufacture 15-37 10-33 

Construction 45 41,42,43 

Services 38-44 34-40 

 

National Classi-
fication of Oc-

cupations 
(CNO-94): 

National Classi-
fication of Oc-

cupations 
(CNO-11): 

Administrators, 
Professionals and 

Technicians 
10-35 11-38 

Supervisors and 
Not Manual  

Workers  

40-53 41-59 

 Manual Qualified 
Workers 

60-78 61-78 

Not Qualified  

Manual Workers 
80-97 81-97 

Source: National Institute of Statistics, Spain; Censuses 
of Population 2001 and 2011 

 
It should be noted that in the 2001 and 2011 

censuses, the information concerning place of 

residence and place of work for people living in 
municipalities with less than 20,000 inhabitants has 

been recoded. To safeguard statistical secrecy, the 
name of the municipality has been substituted for a 

keyword assigned depending on the number of 

inhabitants, since it is impossible to analyze these 
municipalities where removed from this study. 

Methodology 

The purpose of the methodology is to trace 𝐿𝐿𝑀, 

maximizing the internal homogeneity within 𝐿𝐿𝑀, and 

the heterogeneity between different 𝐿𝐿𝑀, allowing us 

to consider each 𝐿𝐿𝑀 as different and individual 

analytical unit. To this end, we use commuter data 
that captures the relationships between areas to 

quantify the role of each area within the network.  Let 

𝑇𝑖𝑗 denote the number of workers that reside in area 

i and work in 𝑗. In that case, ∑ 𝑇𝑖𝑗
𝑛
𝑗=1  is the total 

number of workers in area 𝑖 (this figure includes the 

internal flows 𝑇𝑖𝑖); ∑ 𝑇𝑗𝑖
𝑛
𝑗=1  is the total number of jobs 

in area 𝑖 (again this figure includes 𝑇𝑖𝑖). The aim of 

each of the N-1 steps of the algorithm used for the 
delimitation of 𝐿𝐿𝑀 is to maximize the self-

containment of the generated areas (number of jobs 

occupied by residents of the area and number of 

residents working in the same area) as well as a 
geographical continuum. Our objective is to identify 

poles and generate areas of influence through an 
objective function described later in the text. The 

delimitation procedure is done for both years (2001 
and 2011). For each, 𝐿𝐿𝑀𝑖,2001 and 𝐿𝐿𝑀𝑖,2011 , four 

indexes are calculated: number of jobs, supply-side 
self-containment, number of workers, and demand-

side self-containment. The variation of these four 
indexes between 2001 and 2011 allows us to place 
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each 𝐿𝐿𝑀𝑖 into one of five categories (A1, A2, B, C, 

and D), as suggested by Carrasco and Díaz (2007). 

Delimitation of Local Labour Markets 

The methodology chosen is an iterative process 

with N-1 steps based on the calculus of indicators that 
measure the intensity of the commuter flows between 
pairs of areas, merging in each of the 𝑁 − 1 steps the 

two most related areas. In each step, two areas are 

grouped and the interaction between these two areas 
becomes an internal interaction (or intrazonal) for a 

new resulting area. This new area now takes the 
place of the two parent areas in the next step of the 

analysis (De Jong & Van der Vaart, 2010). This 
methodology, used on the trip origin-destination 

matrix, allows us to infer groups of homogeneous 

regions in terms of the number of people living in an 
area who share destinations in their daily commute to 
work. These regions (𝐿𝐿𝑀) are formed by 

municipalities, and we consider them to be similar if 
workers have similar destinations (work) and origins 

(residence) in their daily life. Namely, two areas are 
considered similar if people living in these two 

municipalities have similar destinations in their 
commute. Specifically, in every 𝑁 − 1 steps of the 

agglomerating process the objective function: 
(1) 

𝑇𝑖𝑗

(∑ 𝑇𝑖𝑗𝑖 ∗ ∑ 𝑇𝑖𝑗𝑗 )
+

𝑇𝑗𝑖

(∑ 𝑇𝑗𝑖𝑗 ∗ ∑ 𝑇𝑗𝑖𝑖 )
 

 

is maximized,  
where: 

 𝑇𝑖𝑗 is the interaccion between origin 𝑖 and destination 

𝑗. 
In tracing functional regions, it is necessary to 

conduct robustness checks with different 

conformations to evaluate which of all the possible 
conformations forms groups that are as 

homogeneous as possible internally and as different 
as possible between regions. Since this agglomeration 

process, at each stage, merges the two regions with 

the strongest possible commuting ties, it is suitable 
for determining the optimal number of 

agglomerations and their content. To this end, ANOVA 
is used to verify statistically significant relationships 
within each  𝐿𝐿𝑀. Based on the idea that to form 

regions such that the municipalities in a group share 
the same 𝐿𝐿𝑀 while elements in another region have 

a completely different behaviour, it is possible to 

check if there are significant differences between the 
areas obtained. 

Changes in the Local Labour Markets 
between 2001 and 2011 

To examine the change of each 𝐿𝐿𝑀𝑖  between 

2001 and 2011, we calculate four indexes for 
𝐿𝐿𝑀𝑖,2001 and 𝐿𝐿𝑀𝑖,2011. Thus, the four indexes are: 

1) Supply-side self-containment of 𝐿𝐿𝑀𝑖 is 

𝑇𝑖𝑖

∑ 𝑇𝑖𝑗
𝑛
𝑗=1

 
(2) 

and resumes the percentage of resident workers in a 
𝐿𝐿𝑀𝑖  who work inside the boundaries of the same 
𝐿𝐿𝑀𝑖 

2) Demand-side self-containment of 𝐿𝐿𝑀𝑖  is 

𝑇𝑖𝑖

∑ 𝑇𝑗𝑖
𝑛
𝑗=1

 
(3) 

and resumes the percentage of the jobs available 
in the 𝐿𝐿𝑀𝑖   that are occupied by workers who reside 

in the same 𝐿𝐿𝑀𝑖. In both indexes, the higher the 

index the more “closed” the 𝐿𝐿𝑀𝑖  , and the functional 

interaction with the other 𝐿𝐿𝑀𝑖  is lower. 

3) Number of jobs on 𝐿𝐿𝑀𝑖  is 

∑ 𝑇𝑗𝑖

𝑛

𝑗=1
 

(4) 

4) Number of workers on 𝐿𝐿𝑀𝑖 is 

∑ 𝑇𝑖𝑗

𝑛

𝑗=1
 

(5) 

The change of each 𝐿𝐿𝑀𝑖   is summarized by five 

categories depending on their behaviour summarized 

by the change in indexes between 2001 and 2011: 
supply-side and demand-side self-containment, jobs 

and workers. The categories used in this case study 
are similar to those used in the work of Carrasco and 

Díaz (2007); the categories (A1, A2, B, C, and D) are: 
A) 𝐿𝐿𝑀𝑖  shows a reduction in the self-containment 

indexes but strong growth in employment and 

workers. This behaviour has two nuances: 
A1) 𝐿𝐿𝑀𝑖   with small self-containment indexes, 

indicating functional interaction with 
neighbouring areas. 
A2) 𝐿𝐿𝑀𝑖  where the self-containment indexes 

of demand are lower than the self-containment 
indexes of supply, indicating the existence of 

an important offer of jobs.  
B) 𝐿𝐿𝑀𝑖  reduces its self-containment indexes 

significantly, but the indexes that resume the number 

of workers and jobs doesn’t change.  
C) 𝐿𝐿𝑀𝑖  that barely reduces their self-containment 

indexes and show losses in employment and workers.  
D) 𝐿𝐿𝑀𝑖   that barely modifies levels of self-

containment but shows strong growth in jobs and 
workers. 
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Results 

Some of the most representative and clear cases 

of each of the five behaviours are summarized in the 

figures of the following section. To summarize this 
information, each 𝐿𝐿𝑀𝑖 is named in the same way as 

the most populated municipality of the group that 
forms the 𝐿𝐿𝑀𝑖.  

A) An 𝐿𝐿𝑀𝑖 that reduces its self-containment 

indexes of demand and supply but in a context of 

strong growth in employment and workers. Gives way 

in 2011 to wider functional areas. The levels of self-
containment from which it starts in 2001 is usually 

relatively low, giving rise to two situations: 
A1) An 𝐿𝐿𝑀𝑖 with small self-containment indexes 

, which indicates the existence of crossed flows 

and a tendency toward the functional 
interrelation with neighbouring areas. In the first 
case, it is more representative of an 𝐿𝐿𝑀𝑖 located 

in an urban or metropolitan environment with 
closed, non-polarized links with the surrounding 

𝐿𝐿𝑀𝑖 Carrasco and Díaz (2007). The clearest 

example in this exercise is in the female segment 
(Fig. 1), where the three 𝐿𝐿𝑀𝑠 identified as 

Getafe, Leganés, and Pinto, which were three 
single 𝐿𝐿𝑀𝑠 in 2001, fuse to become a single 

market in 2011. 
A2) An 𝐿𝐿𝑀𝑖 where the self-containment index 

of demand is lower than the self-containment 
index of supply, which indicates the existence of 

an important offer of jobs and the capacity to 
attract flows of workers from the neighbouring 

areas. Since they are close to more dynamic 

areas with regards to employment growth (Type 
A) they become part of them. Hence, these 
𝐿𝐿𝑀𝑠 disappear as autonomous markets 

between 2001 and 2011. The case of San 
Cristobal de la Laguna and Tacoronte 𝐿𝐿𝑀 that 

become one 𝐿𝐿𝑀 together with Orotava in 2011 

is the clearest example in the female segment 

(Fig. 2).

 
Source: Own Elaboration 

Fig. 1: Typology of behaviour of the 𝑳𝑳𝑴𝒊 in 2001-2011 (Female Segment) 

 
B) An 𝐿𝐿𝑀𝑖 that significantly reduces its levels of 

self-containment in a context of stagnation or 
recession of the number of jobs and workers. Usually 
these 𝐿𝐿𝑀𝑠 have a level of self-containment of supply 

that is lower than the self-containment of demand, 
identifying themselves as areas with a deficit of jobs 

and a predominance of outflows over inflows. The 
case of the 𝐿𝐿𝑀 identified as Mostoles, which is 

geographically close to the Madrid 𝐿𝐿𝑀, is a very clear 

example of this behaviour in the Not Qualified Manual 

Workers segment (Fig. 3).
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Source: Own Elaboration 

Fig. 2: Typology of behaviour of the 𝑳𝑳𝑴𝒊 in 2001-2011 (Female Segment) 

 

 
Source: Own Elaboration 

Fig. 3: Typology of behaviour of the 𝑳𝑳𝑴𝒊 in 2001-2011 (Not Qualified Manual Workers 

Segment) 

 
C) An 𝐿𝐿𝑀𝑖  that barely reduces its levels of self-

containment despite experiencing losses in 
employment and a reduction in the number of 
workers. This type of 𝐿𝐿𝑀 starts from high levels of 

self-containment and, because they are far from a 
more dynamic 𝐿𝐿𝑀, they maintain the same structure 

between 2001 and 2011. There is a very clear 

example of this behaviour in the Qualified Manual 
Workers segment (Fig. 4), where the 𝐿𝐿𝑀 identified 

as Vitoria-Gasteiz in the Basque Country acts as an 
isolated 𝐿𝐿𝑀 due to its geographic location and the 

fact that is the predominant source of jobs for the 
surrounding area.
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Source: Own Elaboration 

Fig. 4: Typology of behaviour of the 𝑳𝑳𝑴𝒊 in 2001-2011 (Qualified Manual Workers Segment)

D) An 𝐿𝐿𝑀𝑖   that barely modifies its levels of self-

containment despite experiencing strong growth in 
jobs and workers. This type of 𝐿𝐿𝑀 starts out from 

strong levels of self-containment, and despite 

modifying them slightly, they maintain their low 
articulated pattern, related to the abundance of 

middle-sized cities. The most representative cases in 
the Manufacture segment (Fig. 5) are the 𝐿𝐿𝑀𝑠 

identified as Palma, Algeciras, Barcelona, and 

Zaragoza. The Manufacture segment is shown, 

because it has the second most important deficit of 
jobs in 2011 after the Construction sector. 

Source: Own Elaboration 

Fig. 5: Typology of behaviour of the 𝑳𝑳𝑴𝒊 in 2001-2011 (Manufacture Segment)
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In 2001, 𝐿𝐿𝑀𝑠 formed by female and qualified 

manual workers show indexes of self-containment of 

supply that are comparable to or higher than the 
indexes of self-containment of demand, an indication 

of offer of jobs and capacity to attract of workers from 

other regions. This situation is reversed in 2011 
(Table 2). In 2011, the supply indexes are lower than 
the demand indexes, demonstrating that the 𝐿𝐿𝑀 

formed by female workers turned, in general, to 
deficit areas in employment with a predominance of 

outflows over inflows. This situation can be observed 
in the 𝐿𝐿𝑀𝑠 formed by male workers and qualified 

manual workers. A reverse situation occurs in the 
𝐿𝐿𝑀 formed by agricultural workers. The Agricultural 

𝐿𝐿𝑀𝑠 change to surplus areas with the capacity to 

attract workers from other regions in 2011 from 

deficit areas with a predominance of outflows over 
inflows in 2001. This indicates a recovery of 

agricultural jobs in the inlands as shown in the flows 

of immigration. 

 
The 𝐿𝐿𝑀 formed by workers employed in the 

Construction, No Qualified Manual Workers, and 
Manufacture segments display indexes of self-

containment that are representative of deficit markets 

in both years. Although the deficit increases in 2011, 
and it is captured by a wider difference between the 

self-containment indexes of 2001 and 2011, the self-
containment index of supply is lower than the self-

containment index of demand, indicating a deficit of 
jobs and a predominance of outflows over inflows. 

The levels of self-containment (supply and 
demand) of the 𝐿𝐿𝑀𝑠 formed only by female workers 

are higher than for male workers in both years, 
indicating that the 𝐿𝐿𝑀𝑠 formed by female workers 

are more closed and that the functional interaction 
with other 𝐿𝐿𝑀𝑠 is lower for women than for men. 

This indicates that female workers tend to reside 
inside the same 𝐿𝐿𝑀 in higher percentages than male 

workers. This is because the commute to work is 

more influenced by women’s professional preferences 
than it is for men. In both years, the mobility between 

segments shows that the Administrative Professionals 

and Technicians segment has the highest tendency to 
commute followed by the Male segment. The 

 Census 2011 Census 2001 

 Supply-Side Self-Con-

tainment 

Demand-Side Self-

Containment 

Supply-Side Self-Con-

tainment 

Demand-Side Self-

Containment 

Strata: Mean Mean Mean Mean 

General Population 83.2% 84.6% 88.5% 86.3% 

Women 82.1% 83.9% 90.6% 88.7% 

Men 73.9% 78.1% 86.1% 85.6% 

National Classifica-
tion of Activities: 

    

Agriculture 80.5% 79.2% 85.9% 88.9% 

Manufacture 84.5% 89.6% 82.1% 83.8% 

Construction 81.4% 88.5% 85% 85.9% 

Services 72.3% 73.2% 73.1% 73.8% 

National Classifica-
tion of Occupations: 

    

Administrators, Pro-
fessionals and Tech-

nicians 
66.4% 71.4% 62.5% 69.6% 

Supervisors and Not 
Manual Workers  

78.1% 79.3% 81.4% 77.2% 

 Manual Qualified 
Workers 

82.1% 85.6% 86.1% 84.4% 

Not Qualified Man-
ual Workers 

86.3% 88.1% 85.3% 83.2% 
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segment with the least propensity to commute is the 

Female segment followed by the Construction 

segment. This result that shows a higher commuting 
distance in the segment of Administrative 

Professionals and Technicians contradicts the 
assumption that a higher wage rate would lead to a 

shorter commute. A possible explanation is that 

workers with high earnings are often highly educated 
and specialized. As a consequence, the segment of 

the labour market that is relevant to them is smaller 
than for other segments. Moreover, these workers 

also have preferences with respect to housing that 
restrict their choice sets to a small segment of the 

housing market, which may imply that the 

satisfactory combinations residence and work can 
only be realized at the cost of accepting long 

commutes. 
In general, there is an increase in mobility as a 

consequence of the decrease in self-containment 

between 2001 and 2011, as shown in the decrease of 
the indexes of supply and demand for the Female, 

Male, Agriculture, and Construction segments. The 
Manufacture, Not Qualified Manual Workers, and 

Administrative Professionals and Technicians 
segments show a decrease in mobility. In summary, 

there is an increment in the inter-municipal flows in 

all territories, pointing to a global increase in mobility. 
The indexes of self-containment show a reduction in 

the concentration of flows, meaning that the urban 
interaction between regions increases. Beside this 
tendency, a classification of the 𝐿𝐿𝑀 is done 

considering their variation between both years in the 
indexes of employment and number of workers, and 

in the self-containment indexes of demand and 

supply.  
We find that there are areas with an important 

offer of jobs that have the capacity to attract flows of 
workers from the neighbouring areas. Areas that 

show a deficit of jobs could be helped with policy and 

resource allocation. Our evidence also shows different 
behaviours of the workforce that match with the 

characteristics of each segment of our subgroups. 
The segment with the highest tendency to commute 

is the Administrative Professionals and Technicians 

segment followed by the Male segment. The segment 
with the least propensity to commute is the Female 

segment followed by the Construction segment. This 
behaviour is evidenced by levels of self-containment 
(both supply and demand) of the 𝐿𝐿𝑀𝑠 formed only 

by female workers, which are higher than for male 
workers in both years, indicating that 𝐿𝐿𝑀𝑠 formed 

by female workers are more closed in terms of 

outflows and inflows and that the functional 
interaction with other 𝐿𝐿𝑀𝑠 is lower for women than 

for men. This indicates that a higher percentage of 
female workers reside inside the same 𝐿𝐿𝑀 than male 

workers. A possible explanation is that the commute 

to work is more influenced by professional 

preferences for females than for males, backing up 

previous findings about this issue in the literature 
(Hansen 2015). 

With respect to the Construction, No Qualified 
Manual Workers, and Manufacture segments, their 

indexes of self-containment are representative of 

deficit markets in both years, although the deficit 
increases in 2011. This is captured by a wider 

difference between the self-containment indexes of 
2001 and 2011, as the self-containment index of 

supply is lower than the self-containment index of 
demand, indicating a deficit of jobs and a 
predominance of outflows over inflows in their 𝐿𝐿𝑀. 

The Manufacture and Construction segments were 

the two most affected, already showing a deficit of 
jobs in 2001. The deficit increased even more, with 

the construction sector affected the most since there 
is a contraction in the supply of jobs and an increase 

in demand. 
There is an increase in the mobility, shown by the 

decrease of both self-containment indexes between 

2001 and 2011, for the Female, Male, Agriculture, and 
Construction segments. However, the Manufacture, 

Not Qualified Manual Workers, and Administrative 
Professionals and Technicians segments show a 

decrease in the mobility between 2001 and 2011, 

implying that these three segments had fewer 
incentives to commute a greater distance in 2011 

than in 2001. Also, these three segments show a 
deficit of jobs in 2011. 

Discussion 

This investigation contributes to the discussion of 
the assessment of the geographic tracing of labour 

markets and the examination of their evolution 

through time. The paper adds to the literature by 
investigating how to form functional regions 

considered as economical attraction poles and 
proposed as individual analytical regions. Moreover, 

this investigation contributes to meet with the desired 

characteristics for analytical regions mentioned 
recurrently, like: compactness, contiguity (Garfinkel & 

Nemhauser, 1970), restrictions of size, shape 
(Rossiter & Johnston, 1981), and natural barriers of 

the geography like mountains and rivers or lakes 
(Zoltners & Sinha, 1983) that limit territorial 

connectivity (Horn, 2010). The chosen methodology 

limits the use of arbitrary and subjective decisions 
and helps to ensure that the regions are optimized 

according to the information under study (existing 
social, economic, and business ties between the 

municipalities). The technique also produces a 

coherent regionalization and is easy to interpret 
without the need for a contiguous matrix. 

Furthermore, it contributes to the literature 
(Atkinson-Palombo & Kuby, 2011; Boermans, 
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Roelfsema, Zhang., 2011; Carey, 1966; Plane & Heins, 

2003) that proposes that economic agents are subject 

to forces that exert different pressure in each 
geographic location. It evaluates their main 

hypotheses with methodologies that analyse the 
information contained in variables generated by 

phenomena influenced by the location of economic 

and social agents. These works are based on the 
supposition that there are factors that act at a local 

level that influence the social and economic activity 
of each region. The approach applied in this paper 

improves the discussion on two fronts. First, it 
desegregates the general population into 11 

stratums, recognizing the different needs of the 

people that compose the workforce and their different 
mobility habits through their self-containment 

indexes, which allows for a deeper analysis of the 
areas. In this regard, our results show that the 

intrinsic characteristics of the workforce affect its 

mobility preferences (Hansen, 2015). Hansen (2015) 
points out that there are gender differences in terms 

of choice of workplace, because women are more 
influenced by professional preferences; job content 

matters, and it motivates mobility for highly skilled 
labour. Second, the empirical evidence to evaluate the 
evolution of the 𝐿𝐿𝑀 is constructed with data 

extracted from the 2001 and 2011 censuses, which 

allows us to capture the impact on labour conditions 
through an important economic contraction. 

Conclusions and Policy Implications 

The results show an increase of inter-municipal 
flows in all of the territory, pointing to a global 

increase in mobility, giving way to wider functional 
areas and lower levels of self-containment reflected 

in the length of the journey to work. This impacts the 

quality of life, social cohesion, and the sustainability 
of the territories. Affected by the increase in vehicle 

traffic, the territories see higher levels of atmospheric 
and acoustic contamination, demanding new and 

specific policies for their ordination. In this sense, 

commuting flows are relevant for planning purposes 
in transportation and housing, giving them value as a 

basis for transportation and economic growth 
policies. Therefore, the location of houses and jobs at 

different points in space imply the necessity of costly 
transportation that should be facilitated by expensive 

infrastructure, among other types of policy 

interventions related to government assistance. It is 
necessary to discuss and eventually recognize, at 

least in investments and budget allocations, the 
tensions and inefficiencies resulting from the gap 

between the functional space and the local 

government. Treatments specific to environmental 
management, infrastructure, culture, economic 

development, municipal education, etc. are likely 
required. A programmatic recognition of the existence 

of functional regions could provide a common map for 

better coordination of investments and public 

programs. Thus, it is necessary to encourage the 
formation of inter-municipal associations to govern 

these multi-municipal functional spaces through the 
coordination of local governments. To potentiate such 

coordination, special programs and funds are a 

necessary, as is the continuation of existing funds and 
programs that aim to resolve conjoint problematics. 

In this effort, the functional delimitations are only 
useful for policy-making if they clearly outperform the 

administrative delimitations, and they should exhibit 
functional similarities and be coherent with particular 

measures related to the economy and the labour 
market. 𝐿𝐿𝑀𝑠 articulate a territory and give services 

to a set of territories, such as investments in 
education, transportation, commodity markets, and 

other political policies. These key roles enable these 
functional regions to carry out sectorial strategies or 

policies. They join the capacity of a set of cities to 
provide services, a qualified labour force, and have 

the potential to innovate and make links with global 

markets. This could also be applied in terms of 
educational policy, health, innovation, and cultural 

policies among others. 
The growing problem of increased mobility can be 

addressed through policies that are focused on 

several areas. For example, mobility can be addressed 
through policies focused on locating housing and 

work facilities at distances easily covered by 
alternative means of transportation like  bicycle or 

public transportation, limiting the subsequent 
urbanization of rural zones. Geographically 

concentrating the functions of housing and work 

through the promotion of Transit-Oriented 
Development (TOD) that means constructing high-

density home buildings, workplaces, services and 
shops near mass transport system stations. The 

construction of proper transportation facilities and 

services, flexibility of working time, and the 
availability of complementary services as childcare is 

also important. Moreover, favourable conditions of the 
housing market represent an important factor in 

reducing mobility. Finally, the spread of teleworking 

can be regarded as a technological and organizational 
innovation to decrease mobility.  

Our findings also allow us to overcome the 
administrative concept of municipality or city and to 

identify areas that are more coherent with the 
increase in labour mobility (Carrasco & Díaz, 2007). 

These areas, according Cörvers, Hansen, and 

Bongaerts., (2009), Mitchell and Watts (2010), and 
Berdegué et al. (2011), could allow for increased 

coherence in the reporting of statistics on mobility in 
terms of economic indicators (income level, housing 

prices, employment, and unemployment rates) and 
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for comparison with administrative regionalization 

(Cörvers et al., 2009). 

Also due to the disaggregation of the database 
used in our research, we can see which of the 

subgroups and in which regions aid is most needed, 
allowing for focused policy solutions that could have 

implications by subgroup and region. For example, in 

groups more susceptible to unemployment (such as 
unskilled workers and younger workers), this paper 
helps to explain the structure of their 𝐿𝐿𝑀𝑠; e.g., low 

skilled workers tend to commute shorter distances 
than higher skilled workers (Immergluck, 1998). 

Thus, a shortage of appropriate local jobs will tend to 
raise the unemployment rate of the low skilled, as 

they may have limited capacity to migrate to job-rich 

areas given housing costs and poor information 
networks. Thus, limiting the policies that favour 

suburban highway construction over urban mass 
transit could be beneficial, because highways would 

leave many individuals in impoverished, job-poor 
neighbourhoods out of luck. Because many 

individuals lack access to cars and rely more on public 

transportation or neighbourhood employment, the 
lack of local opportunities can be a serious issue. All 

this information is important for policy-makers and 
governments concerned with the economy, 

transportation, labour, and housing. 
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Abstract 

Market access plays an important role in increasing smallholder’s 
income; however, informal markets are typical in developing 
countries. Traders often dominate agricultural markets. In 
Vietnam aquaculture, collectors are important actors and act as 
an intermediary in linking farmers and buyers. This research 
aimed to explore and analysis the functions and the dominance of 
collectors in linking with smallholder fish farmers in Tam Giang 
lagoon, central Vietnam. The qualitative research is applied 
through 55 semi-structured interviews including smallholder fish 
farmers, collectors, wholesalers, retailers, officers of local 
government and second information from statistic data and 
reports. The research findings showed that linking of smallholder 
fish farmers to output market has dependence on collectors while 
all aquatic products have to pass on collectors before distributing 
to next buyers. Collectors always have strategies to maintain the 
relationship with smallholders and they always have an advantage 
status in aquaculture value chain. Collectors are also considered 
as a barrier of smallholder farmers to access potential marketing 
channels. Informal transaction and trust are characterized in the 
interaction between collectors and smallholders. 

Keywords: aquaculture, poly-culture, governance,  
smallholder farmers, market linkages, Tam Giang lagoon 

Rezumat. Conectarea micilor piscicultori cu piețele 
de desfacere: dominația colectorilor în acvacultura 
din laguna Tam Giang, Vietnamul Central 

Accesul la piață joacă un rol important în creșterea veniturilor 
micilor fermieri, dar piețele informale sunt tipice în țările în curs 
de dezvoltare. Comercianții și cumpărătorii predomină adesea pe 
piețele agricole. În acvacultura din Vietnam, colectorii sunt actori 
importanți și acționează ca un intermediar în legătura dintre 
fermieri și cumpărători. Această cercetare își propune să exploreze 
și să analizeze funcțiile și predominanța colectorilor în legătură cu 
micii piscicultori din laguna Tam Giang, centrul Vietnamului. 
Cercetarea calitativă este aplicată prin intermediul a 55 de 
interviuri semi-structurate care includ micii piscicultori, colectori, 
angrosiști, comercianți cu amănuntul, funcționari ai administrației 
publice locale, la care se adaugă informații secundare din date și 
rapoarte statistice. Rezultatele cercetării au arătat că legarea 
micilor piscicultori de piața de desfacere depinde de colectori, 
pentru că toate produsele din acvacultură ajung la colectori 
înainte de a fi distribuite următorilor cumpărători. Colectorii au 
întotdeauna strategii pentru a menține relația cu micii acvacultori 
și au întotdeauna un statut avantajos în lanțul valoric al 
acvaculturii. Colectorii sunt, de asemenea, considerați ca o barieră 
pentru micii fermieri în accesarea unor potențiale canale de 
comercializare. Tranzacțiile informale și încrederea sunt 
caracteristice în interacțiunea dintre colectori și micii producători. 

Cuvinte-cheie: acvacultură, policultură, guvernare, micii 
fermieri, conectarea pieței, laguna Tam Giang 

Introduction 

The world has approximately 1.5 billion 
smallholder farmers, who depend on agriculture-

based food, income and livelihood (Ferris et al., 
2014). As a result, market access plays an important 

role in increasing smallholder’s income and opens 

opportunities for expanding production and improving 
productivity.  increasing rural income and reducing 

poverty (Al-Hassan et al., 2006; Ouma et al., 2010). 
Liberalization and urbanization, the rise of 

supermarket chains and globalization induce changes 

in the agricultural marketing system, which creates 
new market-based opportunities for smallholders in 

developed and developing countries (Onumah et al., 
2007; Qaim, 2017). Informal markets are typical for 

the majority of smallholder farmers in developing 
countries, as they account for 80 – 90% of the 

agricultural products (Ferris et al., 2014) 
Challenges in market access of smallholders have 

become common, especially in less developed 

countries (van Tilburg and van Schalkwyk, 2012). The 
participation of smallholder farmers is limited because 

of high marketing and transaction costs (Birthal, 
2008; Amare et al., 2019). Additionally, smallholders 

are facing the problem of accessibility to guaranteed 

markets, as high volatility is a typical feature of local 
commodity markets (Al-Hassan et al., 2006; Rahim 

and Zikhali, 2017). On the other hand, traders and 
buyers often dominate the agricultural markets of 

developing countries where the lack of selling 
opportunities is a frequent issue for farmers (Haji, 

2008; Sexton and Xia, 2018). In reality, a few 
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multinational companies and international 

supermarket chains hold buying power, while less 

bargaining power belongs to producers (Onumah et 
al., 2007; Kononets and Rajcaniova, 2020). Thus, 

farmers tend to sell their products to vendors or 
informal traders despite price instability (Birthal, 

2008; Birthal et al., 2017). 

Vietnamese agriculture in general and aquaculture 
in particular have typically characterized by informal 

market, many researches showed that collectors are 
important actors and act as an intermediary in linking 

between farmers and buyers while they have 

advantages in logistics and payment methods. 
Moreover, collectors clearly understand on demand of 

farmers to make a trust and reach a long-term 
relationship. Therefore, close relationships are 

conducted between collectors and farmers in the 
aquaculture marketing system (Vien et al., 2005; Do, 

2017; Ha et al., 2013; Ho and Burny, 2016; Van 

Nguyen et al., 2021). These studies have indicated 
the importance of collectors in output market, as well 

as the dependence of smallholder farmers in 
aquaculture sector. However, the interaction between 

smallholder fish farmers and collectors seems to be 

different among aquaculture types, aquatic products, 
geographies and characteristics of stakeholders in 

various regions.  
This research aimed to explore the functions and 

activities of collectors and analyse their control and 
dominance in the linkage of smallholder fish farmers 

in Tam Giang lagoon, Thua Thien Hue province, 

Central Vietnam. Tam Giang lagoon is considered as 
the largest brackish water lagoon in Southeast Asia, 

with approximately 22,000 hectares and about 
300,000 people living around the lagoon. Most people 

have lagoon-based livelihood such as fishing and 

brackish water aquaculture (Van Tuyen et al., 2010). 
In line with one million fish farmers in Vietnamese 

aquaculture, most participants are smallholder 
farmers (McCoy et al., 2010; FAO, 2019), who are the 

most vulnerable actors and gain lower profit than 
other actors in aquaculture value chain, especially 

intermediaries (Loc et al., 2010; Van Nguyen et al., 

2021). The research will provide a better 
understanding on interaction between smallholder 

farmers and collectors in aquaculture of Tam Giang 
lagoon where informal transaction often happens and 

trust is still a key determinant in transaction, while 

collectors have suitable strategies to maintain their 
competitive advantages in relationship with 

smallholder farmers.  

Literature review 

Market access of smallholder farmers 

Globally, major changes in food system is real 
resulting to income growth, urbanization, 

communication, market concentration and innovation 

(De Haen and Réquillart, 2014). Otherwise, the 

changes in marketing chain are more integrated and 
more demanding of quality and food safety.  Higher-

value production will develop, if the farmers can 
respond to these markets. However, small farms are 

not easily accessed to these markets, which lead to 

the falling behind of many small farms (Hazell, 2005). 
In reality, small scale agriculture is still popular in 

much of the developing countries and contributes an 
important role to many rich countries (Hazell, 2005; 

Fischer and Qaim, 2010). Income and employment of 

70% of the world’s poor in rural area mainly come 
from smallholder agriculture (Poole, 2017). Thus, 

rural growth and livelihood improvement are results 
of contribution from market participation of 

smallholder agriculture (Hazell, 2005), as well as 
improving farmer’s production capabilities and market 

access (Jayne et al., 2010).  

The development of modern markets such as 
supermarket system in developing countries and 

industrialized world opens up opportunities for small 
farmers to access market (World Bank, 2008). In fact, 

a better market for agricultural products and opening 

opportunities for income generation are established 
through combination between smallholder farmers 

and market (Adenegan et al., 2012). However, there 
is a limitation in selecting output markets of many 

small farmers in developing countries (World Bank, 
2008), while they are meeting issues in accessing to 

markets of developed countries and unfair 

competition in domestic markets because of 
subsidized imports (Hazell, 2005). Small farmers have 

become vulnerable in the context of trade 
liberalisation when their buyers such as purchasing 

agents and cooperatives have changed (Kalinda et al., 

1998). 
Market access of the farmers is hindered while 

they meet difficulties in producing a commercial 
volume, which causes by lack of finance, the high 

level of set up cost in certain industry sectors,  lack 
of knowledge and a general lack of infrastructure and 

poor access to transport and communication, lack of 

information, inability to have contractual agreements, 
poor organizational support, low access to extension 

agents, low use of improved seed and low use of 
fertilizer with relatively small marketable surplus (Vien 

et al., 2005; Van Hoi et al., 2009; Sartorius and 

Kirsten, 2006; Osmani and Hossain, 2015; Van Huong 
et al., 2016). 

Typically, in developing countries, small-scale 
farmers face major disadvantages in interactions with 

upstream and downstream agents such as higher 

external transaction costs and asymmetries in market 
power (Fischer and Qaim, 2010). Market participation 

of smallholders can be prevented by transaction 
costs, which involve all costs of entering into 
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contracts, exchange or agreement: searching for 

trading partners, screening potential candidates, 

obtaining and verifying information, bargaining, 
transferring the product, and monitoring, controlling 

and enforcing the transaction (Randela et al., 2008). 
Moreover, the demand for cash to pay for goods, 

health services and debts and the lack of storage 

facilities, as well as fear of losses that force farmers 
to sell the agricultural products immediately after 

harvesting. This puts farmers into the disadvantaged 
position in negotiations among actors of agricultural 

value chain (Kalinda et al., 1998). 
As a result, the constraints in market participation 

of smallholder farming will affect the economic 

growth. Thus, market participation is always paid 
attention in developing world (Osmani and Hossain, 

2015) while designing appropriate policy instruments, 
institutions and other interventions can be conducted 

through analyzing elements influencing market 

participation of smallholder farmers toward 
sustainable economic development (Chirwa and 

Matita, 2012). 

Governance and the role of intermediaries 

A network-based system of regulation, which is 
established from processes of exchange and 

negotiation, is considered as governance (Carnoy and 
Castells 2001). Based on the different relationships 

between buyers and suppliers, as well as power 

asymmetry among value chain actors, Gereffi et al. 
(2005) identified five types of governances, from 

market, modular, relational, captive to hierarchy, 
which are arranged from low to high level of power 

asymmetry. In which, each type is identified by a 

corresponding form of governance. Market is 
governed by price, modular is governed by standards, 

relational is governed by trust and reputation, captive 
is governed by buyer power, and hierarchy is 

governed by vertical integration (Gereffi et al., 2005; 

Ponte and Sturgeon, 2014).  
Trade liberalization has contributed to the 

development of agricultural supply chain in the global 
markets, which creates the linkage between 

traditional agricultural production and modern 
markets (export markets or domestic supermarkets) 

(Zhang and Aramyan, 2009). However, in two types 

of governance structures including producer-driven 
and buyer-driven (Gereffi and Korzeniewicz, 1994), 

buyer-driven is common in agri-food chain, where 
large retailers or companies are often owners of 

decisions-making in the nature of activities and actors 

in the chain (Tallontire, et al., 2011).  Captive value 
chains are typical in agro-food system of developing 

countries, which result in the large fragmentation of 
smallholder farmers and the dependence of 

smallholder farmers on large buyers (Gereffi et al., 
2005; De Noni et al., 2017). Selection of market 

channel was also affected by household income, 

distance to road, market information and gender. Low 

household income and experience, poor access to 
extension services and high distance to road led to 

increase the rate of produce selling to intermediaries 
(Muthini et al., 2017) 

The dependence of smallholder farmers has come 

from transaction costs while they were considered as 
barriers to market participation of most smallholder 

actors in agricultural sector (Jagwe, 2011; Sebatta et 
al., 2014). However, the cost of transactions and 

information can be decreased through participation of 
intermediaries while they have a key role in the 

marketing of commodities, especially in remote and 

poor infrastructure areas (Jagwe, 2011; Van Duijn et 
al., 2012). In developing countries, farmer’s produce 

is mainly consumed by intermediaries because the 
farmers lack reliable price information and they 

cannot determine quality of produce while the 

transport costs are high (Goyal, 2010; Ha et al., 2013; 
Ho and Burny, 2016; Van Nguyen et al., 2021).  

Based on intermediaries, quality standards can be 
guaranteed and remained in complex food supply 

chains and a holistic view of the retail supply chain is 
verified to create effective and efficient supply chain 

activities through reducing costs (Hingley et al., 

2015). Trading through middlemen helps buyers 
secure sufficient supply in a particular region, while it 

may be impossible for farmers to ensure that supply 
if buyers buy directly from them. Thus, through 

buying from middlemen buyers can increase their 

competitiveness (Tran et al., 2013; Abebe et al., 
2016). 

Furthermore, a better understanding on impact of 
downstream restructuring on upstream decisions is 

clearly identified through understanding the role of 

intermediaries (Bignebat et al., 2009). They are 
connectors between producers and consumers, and 

direct or indirect contribution in value chain 
sustainability (bt Musa et al, 2014), which are verified 

on the role of intermediaries, namely, consultant, 
broker, mediator and resource provider (Howard, 

2007). Consequently, direct links to outside markets 

and the provision of credit are two key roles of 
middlemen that influence socio-ecological dynamics 

in communities (Crona et al., 2010). 

Study area 

Tam Giang lagoon is located in Thua Thien Hue 

province, central Vietnam, which is known as the 

biggest lagoon in Vietnam.  It runs 68 KM along the 
shoreline.  The lagoon is typicall by brackish water 

system that is suitable for aquaculture production. 
Aquaculture in Tam Giang lagoon started in the 1990; 

farmers have used water surface resource of the 
lagoon and converted agricultural land into 

aquaculture. From the beginning time until present, 
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aquaculture in Tam Giang lagoon has passed 

significant changes from monoculture (black tiger 

shrimp farming) to poly-culture and diversity of 
aquaculture types including net enclosure 

aquaculture, lower tidal aquaculture and upper tidal 
aquaculture. Area under aquaculture was about 3,300 

hectares and aquaculture production reached about 

16,000 tons in 2019 (GSO, 2021). Aquaculture 
production at Tam Giang lagoon has contributed to 

the transformation of rural economy from low-yield 
agricultural production to high-value and efficent 

aquaculture. Aquaculture has created employment 

and increased income for 10,000 households with 

over 21,000 labors at research site. Nowadays, poly-

culture is main aquaculture type in Tam Giang lagoon. 

Poly-culture is to combine among different species in 
a fish pond. The combination is typically between 

black tiger shrimp (Penaeus monodon), crab 
(Brachyura) and fish (such as Siganus, Scatophagus 
argus, dorab, Lates calcarifer or Sciaenops ocellatus). 
Poly-culture has provided a sustainable livelihood for 
fish farmers when it creates a stable income for 

farmers and fish farmers do not have fear of losses 
as black tiger shrimp farming. 

Fig. 1: Location of Tam Giang lagoon (own adaption) 

Data and Methods 

The qualitative research was conducted in this 
study. Based on qualitative research, the subject 

matter is explored, explained and analysed to be in- 

depth understanding (Chenail, 2011). 55 semi-
structured interviews were implemented to collect 

primary information from smallholder farmers, 
collectors, wholesalers, retailers, officers of local 

government. The interview partners were selected by 
criteria including they are directly participating in 

aquaculture production; they are direct buyers of 

aquatic products at research site and they have rich 
experience in aquaculture and are supporters of 

aquaculture at locality. The study concentrated to 
collect information about characteristics of 

aquaculture, marketing channels, the role and 

function of actors in aquaculture value chain and 
power relationship between actors in the chain. To 

select interview partners, the study used snowball 
approach to find out main actors and support actors 

of aquaculture value chain. Through snowball 
method, the next interview partners were chosen 

based on information of previous interview partners 

when they have business relationships or they are 

involved actors in the chain (Noy, 2008).  Secondary 
information is collected from statistic and reports of 

functional units, government levels of Thua Thien 

Hue province, as well as websites and other 
researches. The information on status of aquaculture 

production and consumption, advantages and 
disadvantages in aquaculture, as well as development 

orientation and planning in the future were also 
collected to provide context and additional 

information. The primary and secondary information 

were collected to address the following research 
questions: 

- What are the characteristics of aquaculture 
production and consumption in Tam Giang lagoon? 

- What are the role and function of intermediaries 

in the aquaculture value chain? 
- How is the interaction between smallholder fish 

farmers and intermediaries characterized? 
The collected information were synthesized and 

analyzed based on the research questions. It then 
conducted the foundation for the content analysis and 

discussion of empirical results that will be outlined in 

next sections.  
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Characteristic of smallholder fish farmers in 
Tam Giang lagoon 

Poly-culture attracted the participation of many 

smallholder farmers. Most farmers did not have 
experience in starting time of aquaculture activity, 

since majority of them changed from fishing activity 

to aquaculture, and the rest was from agricultural 
production. Farmers were trained on aquaculture 

technology   through workshops and training courses, 
which were organized by industrial feed companies, 

aquatic medicine companies, and functional units in 

Thua Thien Hue province. However, almost all fish 
farmers mentioned that their experience came from 

practice and exchange among themselves.; 
Therefore, they have been free in applying 

technological advancement. Moreover, each farmer 
has different qualification (unschooled, primary 

school, secondary school and high school), economic 

conditions (poor household, semi-poor household and 
median household) and age (old people and young 

people), thus, accessibility and applicability of 
technical advances are different in aquaculture 

production.  

“When we caught small fishes in the past from 
fishing activity, we would continue to raise them in 
our fish pond.  We did not have any technology 
processes. When we had opportunities to participate 
in training courses on technology processes, and 
practice, our technology was improving day by day”. 

(a farmer in Phu Xuan commune).  

Smallholder fish farmers are main producers in 
aquaculture, who have over 15 years of experience. 

Average aquaculture area of each household is about 
5,000 m2. There are normally two seasons per year 

and fish farmers can earn from US$ 2,700 to US$ 

4,500 per season. Most farmers have connection with 
each other in exchanging knowledge, sharing 

information about input factors, prices, output and 
they can help each other in feeding process. However, 

there are differences among farmers in stocking time, 
harvesting time, demand for input factors, knowledge 

and know-how in aquaculture, which relate to 

experience and production strategy of each farmer to 
achieve highest effectiveness.  

On the other hand, small-scale aquaculture is still 
common in the lagoon. Fish farmers still lack 

technological process and aquaculture activity is still 

spontaneous. Moreover, aquatic products are still 
consumed by traders and the likings in production 

and consumption under value chain have not 
developed yet. Consequently, accessibility to market 

information of farmers is still limited when they only 

get information from collectors and other farmers. 
Ability to find output market that is still a problem of 

farmers and they did not have connection together in 
selling their products. All of farmers have different 

strategies to sell their products. But there is no 

competition among farmers since all aquatic products 

are always bought by collectors. From this situation, 

there is a dependence of farmers on their collector 
and it is not easy to change or find out new buyers.  

“I always sell my aquatic products when the price 
is suitable or when aquatic products are big enough 
for selling. Nobody cares about linkage in selling 
activity, because the price of aquatic products are 
equal among collectors; if you want to sell your 
products at high price, you can bring them to sell at 
wholesale market” (farmer in Quang Cong 

commune). 

Aquaculture value chain in Tam Giang 
lagoon 

The aquatic products of farmers are sold after 

stocking fingerlings 3 or 4 months, which depends on 
the size of fish, crab and shrimp (aquatic products), 

price and decision-making of each farmer. The 

farmers will collect 5 – 10 kg of aquatic products per 
day during one month, which is typical feature in poly-

culture because there are differences in size of 
aquaculture subjects. Therefore, farmers can choose 

suitable species to harvest depending on their 

strategy. After harvesting, all aquatic products of 
farmers are directly sold to collectors, and then, they 

are distributed to wholesalers, retailers and agents 
before reaching consumers (Fig. 2). Aquaculture 

value chain in Tam Giang lagoon has the participation 
of various actors, of which, input suppliers, farmers, 

collectors, wholesalers and retailers are main actors 

of the chain. Input suppliers provide raw materials for 
poly-culture such as fingerling, aquafeed, aquatic 

medicines. Input suppliers are distributed throughout 
Thua Thien Hue province. Each supplier can 

undertake one or various types of raw materials. 

Farmers are key producers in aquaculture, who are 
local residents at Tam Giang lagoon. Fisheries and 

aquaculture are their main livelihood. There are 
differences among farmers in aquaculture, for 

instance, farming scale, experience year and the level 
of success in aquaculture. Collectors are fish buyers, 

even, some collectors are also fish producers. 

Collectors have responsibility to directly collect 
aquatic products from individual farmers and then 

pass to next buyers. Wholesalers and retailers can 
directly buy aquatic products from collectors. 

Wholesalers always buy higher quantity than 

retailers. The products from wholesalers are sold to 
other retailers, and then, the products are provided 

for consumers by retailers at local markets. In Tam 
Giang lagoon, collectors play a key role in distribution 

of aquatic products while the aquatic products always 

flow cross them.  
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Fig. 2: Aquaculture value chain in Tam Giang lagoon 

Source: Stakeholder interviews 

After that, most quantity of the aquatic products is 

delivered to wholesalers and retailers and the rest are 
sold to agents. Each commune has some collectors, 

who are local people and undertake the function in 

solving output market for farmers in their community. 
Consequently, collectors and farmers always have 

strong relationship. Meanwhile, wholesalers, retailers 
and agents often come from other communes to buy 

the aquatic products from collectors at local market. 

As a result, collectors act as connectors between 
farmers and other buyers thus controlling and 

dominating   the chain while other actors become 
dependants. 

The dominance of collectors in relationship 
with smallholder fish farmers 

Normally, trading activity between farmers and 
collectors is implemented at farmers’ fish ponds.  

Each collector has one farmer group, who are always 
willing to provide the aquatic products. The number 

of members in farmer group is different among 

collectors (20 – 30 farmers per group), which 
depends on consumption capacity of each collector. 

The farmer group was found through a long-term 
business relationship between farmers and collectors, 

each farmer and collector will find out a suitable 

partner for them.  
Farmers often select collector based on the 

following criteria: (i) attitude of collector (in 
calculating exactly kilogram and timely in payment); 

(ii) availability of collector (the collector has to buy all 
farmers’ products when their products have problems 

such as disease, when the price is high, or whenever 

farmer want to sell their products); (iii) fairness of 
collector, (the price is always similar among collectors 

and among farmers in the group of collector); (iv) 
lending capital without interest (collectors have to 

support finance or equipment for farmers whenever 

they have needs). 

“I had sold my products to many collectors, and 
then, I selected   the main collector for my family; 
because this collector has prestige, exactly in 
calculating the weight of products and is fair. 
Moreover, this collector is always available   and the  
collector never owes me  money” - A farmer in Hai 

Duong commune said. 
In order to maintain the relationship with farmers, 

collectors always attempt to satisfy the requirements 

of the farmers in their group.  There are many 

collectors from various communes, and sometimes, 

they have competition with each other to ensure the 
right quantity of products is distributed to wholesalers 

and retailers. In doing so, the collectors try to 
maintain the number of farmers in their group to 

achieve optimal profit in their business activity. 
Besides, each collector always buys all aquatic 

products from farmers in the group.  Even though, 

collectors clearly understand the eminent loses 
involved during the seasons of high supply of aquatic 

products, they still buy from farmers to help them 
cushion thier losses. Therefore, farmers and 

collectors in each group always trust and support 

each other. However, farmers will change collector, if 
the collector always buys their products cheaper 

compared to other collectors. 
“I am always willing to support farmers in my 

group such as lending money, buying all their 
products at suitable price, which are necessary 
conditions to maintain our relationship. If I do not 
support the farmer, he will find other collectors. 
Additionally, if some farmers sold their products to me 
at lower price than other collector in my village, they 
will immediately ask me to pay more” (a collector in 

Phu Xuan commune). 

Lending money without interest is a strategy of 
collectors to maintain the number of farmers in their 

group. Collectors are always willing to lend money for 
farmers since they know that they will get the 

Retailers Collectors Farmers 

Wholesalers 

Consumers Agents 

Input 

suppliers
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supplies at harvest.  Farmers do not want everybody 

in their village to know that they are in debt for the 

fear of losing their prestige If farmers do not have 
enough capacity to pay back the loan, collectors will 

equate the amount of money owed to the quantity of   
the aquatic products of farmers.  Most farmers 

borrowed small amount of money, for example from 

US$ 130 to US$ 220 at a time thus easily repaid.  back 
money. Therefore, lending money to farmers is   an 

informal contract between farmers and collectors. 
A collector in Hai Duong commune said that 

sometimes, if farmers need money for their life or 
production, they will borrow from me; they can pay 
back whenever they have. And so far, there is not 
anybody that has not paid me back. 

 Farmers cannot directly supply to   wholesalers, 
retailers or agents, or become collectors, since 

farmers cannot connect to them while the collectors 
had a long-term business relationship with them. 

Furthermore, wholesalers, retailers and agents do not 

want to waste their time to collect enough quantity of 
aquatic products from farmers while they can easily 

get the right quality and quantity from the collectors.  
In addition, farmers do not have enough capital to 

implement activities as collector. Importantly, farmers 

simply think that, collectors spent much time in 
trading activity and they support farmers in many 

aspects thus rightfully earning the profits.  
A retailer in Quang Cong commune said that 

collectors participated in business activity in a long-
term and they had more experience. Besides, they 
had sellers and buyers’ group already, how can we 
compete with them? 

Although each collector always tries to maintain 
the number of farmers in the group, they do not want 

to increase the number of farmers due to the number 

of buyers of collectors depend on the quantity of the 
aquatic products. 

The support of collectors to farmers combined 
with their linkage to buyers, which have maintained 

power and status of collectors in the relationship with 

farmers in particular and in aquaculture value chain 
at Tam Giang lagoon in general. Although farmers can 

sell their entire aquatic products, they cannot contact 
other marketing channels to improve on value 

addition of their products. Output market of aquatic 
products is controlled by collectors and they have 

right to dominate the chain. 

Discussion 

The relationship between collectors and 
smallholder fish farmers as mentioned above is an 

informal interaction, which was also characterized in 
previous researches (Ha et al., 2013; Ho & Burny, 

2016; Andriadi et al., 2019). The willingness provides 

services such as finance, information, equipment, 
standards that contributes to increasing the role of 

intermediaries in developing countries in general and 

particularly in Vietnam. While intermediaries play a 

key role in output market, smallholder farmers do not 
have many options in marketing channel (World Bank, 

2008, Van Nguyen et al., 2021).   Aquaculture of Tam 
Giang lagoon is divided into smallholder farmer group 

for each collector   Smallholder farmers only have one 

marketing channel and totally depend on collectors 
for buying of the aquatic products. Although output 

market of aquatic products is always guaranteed by 
collectors, price pressure can be serious problem 

when there is collaboration among collectors and 
market failure will result from absence of collectors in 

aquaculture value chain. The power and monopoly of 

intermediaries in buying depended on the types of 
aquacultures, as Van Nguyen et al. (2021) found that 

the monopoly in buying result from dividing territories 
between middlemen.  In Tam Giang lagoon, the 

monopoly of collectors has resulted from dividing the 

number of farmers who are the members in one 
group of collectors. 

Normally, farmers do not have contracts relating 
to quantity, quality, and price of products and 

payment, which leads to instability in daily transaction 
costs. (Vien et al., 2005; Van Hoi et al., 2009).  High 

transaction costs and low price of output are 

constraint factors in accessing markets of farmers 
(Lapar et al., 2006). Study reveals that transaction in 

aquaculture is done by trust among stakeholders in 
Tam Giang Lagoon. Transaction between collectors 

and smallholder farmers is through oral agreement, 

for instance in price of aquatic products, the farmers 
can compare price among collectors or among 

farmers to negotiate; but the final price is determined 
by collectors.  

Although smallholder farmers can produce high 

quality products, accessibility to market is still difficult 
because of small and infrequent quantity and the 

difficulty in distinguishing between high quality 
products and other products from mass of 

smallholder farmers.  While local markets are still first 
selection of smallholder farmers, domestic and even 

export market is more profitable for the participatory 

smallholders (Ashraf et al., 2008). Similarly, local 
markets remain the main markets in poly-culture.  

Selling the aquatic products at fish ponds is still 
common in Tam Giang lagoon, which became a 

tradition of farmers’ transaction. 

On the other hand, it is not similar as monoculture 
type such as shrimp farming or pangasius farming 

where farmers harvest and sell aquatic products to 
middlemen, large wholesalers or processing plants in 

one time (Van Duijn et al., 2012; Tran et al., 2013).   
In poly-culture type, smallholder farmers only harvest 

5 – 10 kg of aquatic products per day, which does not 

respond to demand of other buyers such as 
wholesalers, agents. Thus, collectors will undertake   

the function in collecting enough quantity to satisfy 
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the requirements of other buyers. This is also a 

barrier to entry other marketing channels of 

smallholder farmers. 
Moreover, with competitive advantages in 

geographical location, linking to next buyers, lending 
finance without interest, ensuring output market 

combining with trust of smallholder farmers, 

collectors have high power in the value chain and 
become dominant in the relationship with smallholder 

farmers. The relationship between smallholder 
farmers and collectors is not only characterized by 

both captive and relational (Gereffi et al., 2005; De 

Noni et al., 2017), of which, informal transaction and 
trust are features in interaction pattern between 

collectors and smallholder farmers, which is showed 
in figure 3. 

 

Fig. 3: Interaction pattern between 

smallholder farmers and collector 

Source: stakeholder interviews 
The research results from interviewing fish 

farmers, intermediaries and relevant actors also 
indicated that output market access is a crucial factor 

to develop aquaculture production (Van Huong et al., 

2016). However, in case of Tam Giang lagoon, the 
output market is not an issue while all quantity of 

aquatic products from fish farmers are undertook by 
collectors. The factors affecting the output market 

access such as low quantity of products, lack of 

knowledge, finance and information or low 
infrastructure, high distance to markets can be 

addressed by the available of collectors. A 
relationship between smallholder fish farmers and 

collectors is conducted based on trust and informal 
transaction, where it sometime has higher value than 

a contract. Although the values and benefits from the 

relationship have provided for both collectors and fish 
farmers, the power asymmetry, limited decision 

making and other disadvantages often stand at fish 

farmers’ site. 

Conclusion 

Linking of smallholder farmers to output market is 

dependent on collectors, who are playing important 

role in aquaculture value chain in Tam Giang lagoon. 
All aquatic products of smallholder farmers have to 

pass on collectors before distributing to next actors. 
Each collector has one smallholder farmers group; 

thus, a relationship exists between them. Collectors 
always have strategies to maintain this relationship, 

as well as the number of smallholder farmer in the 

group such as buying at suitable price, buying all 

aquatic products of smallholder farmers group, 
lending money without interest. Besides, attitude, 

availability, fairness and willingness to lending capital 
of collector are criteria of farmers to set up a 

relationship with collectors.  Collectors have created 

advantage status in the chain while smallholder 
farmers are always guaranteed output market for 

their products. Collectors are connectors between 
farmers and other buyers, and also consider as a 

barrier of smallholder farmers to access potential 

marketing channels. Consequently, output market of 
aquatic products in Tam Giang lagoon is controlled 

and dominated by the collectors and smallholder 
farmers are often dependents in the value chain. The 

linkages among fish farmers under cooperative form 
is to improve bargaining power when they can 

provide high quantity and quality of the products. 

After that, fish farmers can find out potential partners 
to establish vertical linkages toward the development 

of aquaculture value chain.   
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Abstract 

Poverty is generally regarded as an acute and multi-dimensional 
deprivation. As poverty is a complex phenomenon with multiple 
dimensions, no unique homogeneous criterion can be used for its 
measurement. Researchers and policy makers, therefore, try to 
collect or construct geographically disaggregated indicators that 
provide information about the spatial distribution of inequality and 
poverty within a country. The present paper tries to explore and 
analyze spatial interlinkages of poverty in Hooghly district with the 
help of Twelve indicators such as distribution of SC (Schedule 
Caste)  and ST (Schedule Tribe) population, literacy rate, gap in 
male-female literacy, marginal workers, agricultural labourers, 
availability of drinking water, availability of electricity, latrine 
facility, access to banking services etc. The entire study is based 
on the secondary sources of data obtained from District Census 
Handbook (2011), District Statistical Handbook (2014), District 
Human Development Report (2011) etc. For measuring spatial 
intensity of poverty among the rural blocks of Hooghly district 
various statistical methods like Dimension index (Di), Kendall’s 
ranking co-efficient method, Composite Index (Ci), Standard 
Score (Z score) etc. have been used. As the determinants of 
poverty have its own linkages with evolving nature of society and 
space, in the second half of the paper, social location and the 
genesis of poverty in Hooghly district are also examined vividly. 
The spatial pattern of poverty and its interlinkages with poverty 
determinants show positive but differential impacts and it is 
observed that high intensity of poverty persist in three blocks 
namely Pandua, Goghat-I and Arambagh. The study also reveals 
that the severity of poverty is mostly concentrated amongst the 
lower strata of the society i.e. SC (Schedule Caste) and ST 
(Schedule Tribe) population because they have been deprived of 
getting different amenities to sustain their life and livelihood. 

Keywords: Poverty determinants, interlinkages of poverty, 
spatial pattern of poverty, social Space of poverty, Composite 
Index 

Rezumat. Interconectări spațiale ale factorilor ce 
determină sărăcia și spațiul social al sărăciei în 
districtul Hooghly din Bengalul de Vest: o 
perspectivă geografică 

În general, sărăcia este privită ca o deprivare acută și multi-
dimensională. Întrucât sărăcia este un fenomen complex, cu multe 
dimensiuni, nu există un criteriu unic pentru a fi măsurată. Prin 
urmare, cercetători și factori de decizie deopotrivă au încercat să 
colecteze și să construiască indicatori la diferite scări geografice 
care să ofere informații cu privire la distribuția teritorială a acestui 
fenomen și a inegalităților înregistrate în cadrul unei țări. Lucrarea 
de față își propune să analizeze legăturile teritoriale ale sărăciei 
din districtul Hooghly, cu ajutorul a 12 indicatori, printre care 
distribuția populației pe caste și triburi, rata alfabetizării, 
diferențele pe sexe înregistrate de această rată, lucrătorii din 
agricultură, disponibilitatea apei potabile, a electricității, băilor în 
locuință, accesul la servicii bancare etc. Întreg studiul se bazează 
pe datele statistice obținute de la recensământ (2011), Anuarul 
statistic (2014) și Raportul Dezvoltării Umane (2011) etc. Pentru 
măsurarea diferențelor teritoriale în ceea ce privește nivelul de 
sărăcie în cadrul blocurilor rurale din districtul Hooghly, am folosit 
diverse metode statistice precum Indicele dimensiunii (Di), 
metoda co-eficientului Kendall de ierarhizare, indicele compozit 
(Ci), scorul standard (scorul Z). A doua parte a lucrării evidențiază 
variațiile spațiale și cauzele sărăciei din districtul Hooghly, aceste 
cauze fiind interconectate cu societatea și spațiul. Tiparul spațial 
al sărăciei și factorii determinanți indică un impact considerabil, 
dar diferențiat, fiind evident că cea mai drastică situație este 
înregistrată în 3 blocuri, și anume Pandua, Goghat-I și Arambagh. 
Studiul arată, de asemenea, că nivelurile cele mai ridicate de 
sărăcie sunt întâlnite n cadrul păturilor sociale defavorizate – 
populația castelor și cea a triburilor, acestea fiind deprivate de-a 
lungul timpului de multe facilități necesare unui trai decent. 

Cuvinte-cheie: factori ce determină sărăcia, inter-relaționări 
ale sărăciei, modelul spatial al sărăciei, spațiul social al sărăciei, 
indice compozit 

 

Introduction 

Poverty has been a perennial feature of human 

society. Varying in extent and manifestations, it has 

always maintained its grip on all societies, in all lands 
and in all times. It is a kind of man’s enemy, which 

has so far defied all attempts by mankind to defeat it. 
Neither any technology nor any ideology has been 

able to conquer it. However, man’s experiences of 
battle with poverty show that it can be held under 

control to the level of being tolerated, if not 

altogether eliminated. Poverty is a chronic problem 

that commonly exists in developing countries like 

India. On the issues of poverty, scholars have 
proposed so many ideas which are helpful for 

understanding poverty but have failed to explain the 
nature of its prevalence. In early stage, maximum 

study related to poverty considered it as an issue of 
lack of economic well-being. But later on, many 

scholars have tried to define poverty on the basis of 

basic needs, pattern of deprivation, resource 
accessibility and ownership, standard of living, 
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inequality, exclusion etc. which void the concept of 

poverty in a single definition and it is true, as Mollie 

Orshansky (1969) stated that ‘poverty, like beauty, 
lies in the eyes of the beholder’. Baratz and Grigsby 

(1971) referred poverty as a severe lack of physical 
and mental well-being, closely associated with 

inadequate economic resources and consumption. 

Kurien (1978) in his study considered poverty as ‘a 
socio-economic phenomenon whereby resources 

available to a society are used to satisfy the wants of 
the few, while the many do not have even their basic 

needs met’.  
Poverty is the problem of deprivation and it may 

be multidimensional either economic or cultural or 

social or psychological or a combination of all of them. 
Deprivation refers to a lack of something generally 

held to be desirable – an adequate income, good 
health etc. – a lack of which is associated to a greater 

or lesser extent with some degree of suffering. 

Townsend (1987) defined deprivation as ‘a state of 
observable and demonstrable disadvantage relative 

to the local community or the wider society or nation 
to which an individual, family or group belongs.’ The 

idea has come to be applied to conditions i.e. 
physical, emotional, or social circumstances rather 

than resources and too specific and not only general 

circumstances, and therefore can be distinguished 
from the concept of poverty (Townsend, 1987). For 

the accurate measurement of poverty, resources and 
deprivation have the equal importance and these are 

also necessary for the identification of the poor. This 

ground reality on the issues of poverty prepared 
background for existing the multiple concept of 

poverty. Some also argued that poverty is the result 
of uneven distribution of resources. Lack of access to 

resources or uselessness is the most important 

characteristic of poverty. Poor ownership or access to 
assets such as land, water, forest, dwelling units, 

credit, literacy, longevity, voice and capital - both 
physical and social aspects have shaped the socio-

economic location and the condition of the individuals 
in historical context.  

From the ancient period of time the society has 

been divided into many groups on the basis of 
religion, caste, area etc. which are responsible for the 

unequal concentration of power, wealth and 
resources. ‘Poverty is not simply the consequences of 

lack of resources. Some people are unable to access 

existing resources because of which they are what 
they believe or where they live. Such discrimination is 

a form of exclusion and a cause of poverty’ (DFID, 
2000).  

In order to define poverty the level of living 
standard is an important concept widely used by the 

researchers and one of the most precise indicators of 

poverty. ‘At the simplest level, individuals or families 
are considered poor when their level of living 

measured in terms of income or consumption is below 

a particular standard’ (ILO, 1995).  

The World Bank defines poverty as ‘the inability to 
attain a minimal standard of living’. There is a strong 

connection between the poverty and the inequality: 
certain degrees or dimensions of inequality will lead 

people to poverty. This does not mean that there will 

always be poverty when there is inequality, only if the 
inequality implies an economic distance beyond the 

critical level (O’Higgins and Jenkins, 1990). Lack of 
basic security is also one of the most popular terms 

used in poverty explanation. Lack of basic security 
reveals the social risks that make the masses 

vulnerable to poverty and it is highly associated with 

needs. Lack of resources and lack of deprivation 
reveal the core idea of lack of entitlement and it is a 

better way to understand the concept of poverty. 
‘Entitlement refers to the complex ways in which 

individuals or households command resources’ (Sen, 

1981). The concept of social exclusion in some cases 
is used as a substitute for poverty. Townsend (1979) 

specifically defined the poor by reference to social 
exclusion. Delors (1996) argued that ‘exclusion 

includes poverty, poverty does not include exclusion’. 
Thus from time to time the concept of poverty has 

evolved from income poverty to multi-dimensional 

poverty. In recent years the concept of 
multidimensional poverty has received a serious 

attention of the social scientists and policy makers 
across the world. Alkire and Foster (2007) have 

developed the methodology (AF methodology) to 

measure the incidence, intensity and severity of 
multidimensional poverty at the individual and 

household level which can be aggregated at the 
community level.  

Bagli and Tewari (2019) explores the incidence 

and extent of multidimensional poverty for the 
households in Purulia district, the western most 

backward district of West Bengal in India across the 
sub-groups using twelve non income indicators under 

three dimensions education, health and living 
conditions. Thus poverty has become a complex 

phenomenon and is determined by various indicators. 

Almost in all the developing countries, poverty 
persists in a more complex way because these 

countries are facing different basic problems, like 
hunger, starvation, malnutrition, unemployment, 

illiteracy, shortage of drinking water etc. After more 

than 70 years of independence, India is still facing 
various problems and challenges.  

According to the revised World Bank methodology 
(setting poverty line at $1.78 per day on 2011 PPP), 

India had 179.6 million people below the poverty line 
India, sharing 20.6% of world’s poor (Chandy and 

Kharas 2014). According to the data released by 

OPHI, 2017 India accounts for both the maximum and 
a staggering amount of multidimensional poor people 

among the seven South Asian countries and 84 south 

Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XX, Issue 2 (December 2021), pp. 212-223
http://dx.doi.org/10.5775/fg.2021.063.d



 
Spatial Interlinkages of Poverty Determinants and Social Space of poverty in Hooghly District of West Bengal: A Geographical 

Perspective 

214 

Asian regions. Notably the number of poor people 

living in India exceeds the number of people living 

below poverty line in total sub-Saharan Africa. (cf. Roy 
et al. 2018).  

Though poor people live in both urban and rural 
areas, it is largely a rural phenomenon (McKay and 

Lawson, 2003). Rural people are still suffering from 

the curse of poverty. India is one of these countries, 
carrying 301.7 million poor out of which 220.92 

million reside in rural areas and 80.79 million in urban 
areas (Mehta and Bhide, 2010). 

The government has launched various policies and 
programmes for the betterment of the poor, however, 

problem still remains. On account of this, the origin 

and mechanism of poverty have its multi-dimensional 
characteristics that are needed to be studied by 

researchers and social scientists. 

Determinants of poverty and its linkages 

A poverty profile describes the pattern of poverty, 
but is not principally concerned with explaining its 

causes. Yet, a satisfactory explanation of why some 

people are poor is essential if we are to be able to 
tackle the roots of poverty. For this to know the major 

determinants of poverty and their linkages is very 
important. Poverty may be due to national, sector-

specific, community, household, or individual 
characteristics. 

At the regional (or countrywide) level, 
numerous characteristics might be associated with 
poverty. The relationship of these characteristics with 

poverty is country specific. In general, however, 
poverty is high in areas characterized by geographical 

isolation, a low resource base, low rainfall, and other 

inhospitable climatic conditions. Other important 
regional and national characteristics that affect 

poverty include good governance; a sound 
environmental policy; economic, political, and market 

stability; agricultural growth; mass participation; 

global and regional security; intellectual expression; 
and a fair, functional, and effective judiciary. Palmer -

Jones and Sen (2006) examines the determinants of 
rural poverty in India using spatial econometric 

methods and found that spatial correlationship exist 
between agricultural growth and rural poverty. 

As with regional characteristics, a variety of 

community-level characteristics may be 
associated with poverty for households in that 

community. At the community level, infrastructure is 
a major determinant of poverty. Indicators of 

infrastructure development often used in econometric 

exercises include proximity to paved roads, 
availability of electricity, proximity to large markets, 

availability of schools and medical clinics in the area, 
and distance to local administrative centers. Other 

indicators of community-level characteristics include 
average human resource development, access to 

employment, social mobility and representation, and 

land distribution. Recently, there has been more 

emphasis on the importance of social networks and 
institutions, and “social capital,” which includes, for 

instance, the level of mutual trust in the community 
(Putnam 1995).  

In addition to removing social barriers, effective 

efforts to reduce poverty require complementary 
initiatives to build up and extend the social 

institutions of the poor. Social institutions refer to the 
kinship systems, local organizations, and networks of 

the poor and can be thought of as different 
dimensions of social capital. An analysis of poor 

villages in north India, for example, shows that social 

groups play an important role in protecting the basic 
needs of the poor and in reducing risk (Kozel and 

Parker 2003). 
Some important household and individual 

characteristics would include the age structure of 

household members, education, gender of the 
household head, and the extent of participation in the 

labor force. In recent times, other components under 
this category have included domestic violence 

prevention and gender-based antidiscrimination 
policies. Indicators of household size and structure 

are important as they show a possible correlation 

between the level of poverty and household 
composition.  

Ogwumike (2001) defines poverty as a particular 
condition where a household or an individual is 

unable to meet the basic necessities of life required 

to sustain a livelihood.The size of the household and 
characteristics of its members (such as age) are often 

quite different for the poor and the non-poor 
households.  

The Cambodia Socio-Economic Survey (CSES) of 

1993–94 shows that the poor tend to live in larger 
households, with an average family size of 6.6 

persons in the poorest quintile compared with 4.9 in 
the richest quintile (Gibson 1999). The dependency 

ratio is one of the most important determinants of 
poverty. It is the ratio of the number of family 

members not in the labor force (whether young or 

old) to those in the labor force in the household. This 
ratio allows one to measure the burden weighing on 

members of the labor force within the household. One 
might expect that a high dependency ratio will be 

associated with greater poverty.  

Apart from income or consumption—which are 
typically used to define whether a household is poor—

there are a number of other economic characteristics 
that correlate with poverty, most notably household 

employment and the property and other assets 
owned by the household. There are several indicators 

for determining household employment. Within this 

array of indicators, economists focus on whether 
individuals are employed, how many hours they work, 

whether they hold multiple jobs, and how often they 
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change employment. The property of a household 

includes its tangible goods (land, cultivated areas, 

livestock, agricultural equipment, machinery, 
buildings, household appliances, and other durable 

goods) and its financial assets (liquid assets, savings, 
and other financial assets). These indicators are vital 

because they represent the household’s inventory of 

wealth and therefore affect its income flow. 
Furthermore, certain households, especially in rural 

areas, can be poor in income, but wealthy when their 
property is taken into consideration. 

Apart from the demographic and economic 
indicators, several social indicators are correlated 

with poverty and household living standards. The 

most widely used are measures of health, education, 
and shelter. 

Four types of indicators are normally used to 
characterize health in analyzing a household’s living 

standards. These indicators include  

• Nutritional status, for example, anthropometric 
indicators such as weight for age, height for age, and 

weight for height.  
• Disease status, for example, infant and juvenile 

mortality and morbidity rates as related to certain 
diseases such as malaria, respiratory infections, 

diarrhea, and sometimes poliomyelitis.  

• Availability of health care services such as 
primary health care centers, maternity facilities, 

hospitals and pharmacies, basic health care workers, 
nurses, midwives, doctors and traditional healers; 

and medical service such as vaccinations and access 

to medicines and medical information. 
• The use of these services by poor and non-poor 

households. 
Generally three types of indicators are used to 

characterize education in an analysis of household 

living standards. These include the level of education 
achieved by household members (basic literacy, years 

of education completed); the availability of 
educational services, such as proximity to primary 

and secondary schools; and the use of these services 
by the members of poor and non-poor households. 

For this last item, commonly used measures include 

children’s registration in school, the dropout rate of 
children by age and gender and reasons for dropping 

out, the percentage of children who are older than 
the normal age for their level of education, and 

average spending on education per child registered. 

Illiteracy gives rise to orthodoxy in Indian society, 
which enhances the problems of social and cultural 

poverty. Besides, illiteracy produces unskilled workers 
or labourers who can only be engaged in primary 

activities. This generates economic poverty. Except 
these the quality of human resources can be 

examined through the levels of literacy and skilled 

training attained by the people in the given area. Thus 
illiteracy acts as a major determinant of poverty. 

Occupational structure also provides a rational 

view of poverty in any geographical space. ‘It is 

necessary to define the agricultural holdings before 
attempting a discussion on the size pattern of 

agricultural holdings that imply the total area of land 
which is held for cultivation as a single unit by an 

individual, joint family or more than one farmer on a 

joint bases. Such land may either entirely be owned, 
taken on lease, or may be partly owned or partly 

rented’ (Mamoria, 1979). The number of agricultural 
labourers, marginal farmers, landless and the 

concentration of SC (Schedule Caste) or ST (Schedule 
Tribe) population also determine the prevalence of 

poverty in any geographical region. Most of the 

agricultural labourers get employment opportunities 
at the time of sowing and harvesting which are not 

only seasonal but also conditioned by drought and 
flood. Exclusion and social marginalization are closely 

associated with the concentration of SC (Schedule 

caste) and ST (Schedule Tribe) population. Gang et 
al. (2008) have shown that the incidence of poverty 

in scheduled social groups, especially within tribals, is 
much higher than among non-scheduled social 

groups. Large family size, especially more than seven, 
increases the probability of a household to fall into 

poverty. Low caste status and gender operate as 

major social barriers that exclude them from many 
realms of social and economic opportunity and push 

them towards the trap of poverty.  
Roy et al (2018) calculate incidence, depth, 

severity and identify the determinants of 

multidimensional poverty (MPI) among different 
socio-ethnic and religious groups in India by taking 

data from the state of West Bengal in particular. 
Shelter refers to the overall framework of personal life 

of the household. It is evaluated by poor and non-

poor household groups, according to three 
components: housing, service, and the environment. 

Housing indicators include the type of building (size 
and type of materials), the means through which one 

has access to housing (renting or ownership), and 
household equipment. The service indicators focus on 

the availability and the use of drinking water, 

communication services, electricity, and other energy 
sources. Generally the lower sections of the society 

are mainly deprived to access these services which 
lead them towards poverty.  

Finally, the environmental indicators concern the 

level of sanitation, the degree of isolation (availability 
of roads and paths that are usable at all times, length 

of time and availability of transportation to get to 
work), and the degree of personal safety. It is 

generally established that poor households live in 
more precarious, less sanitary environments, which 

contribute to the poorer health and lower productivity 

of household members. 
Gupta (1987) has mentioned four major 

components to determine rural poverty: (1) economic 
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components – income and occupation; (2) basic 

needs components – food and shelter; (3) resource 

components – health and education; (4) socio-
cultural components – demographic features, political 

participation and value interest. All the above 
mentioned components determine the root causes of 

poverty in any geographical space. So to understand 

the ground reality of poverty identification of these 
determinants is essential. The present paper tries to 

analyze the major determinants of poverty and their 
interlinkages in Hooghly District of West Bengal.  

Mitra et al (2021) in their study identified nine 
determinants of socio-economic poverty such as - 

unemployment, low income, diminutive savings, poor 

conditions at workplace, lack of proper housing 
infrastructure, hunger and starvation, lack of access 

to education, high illiteracy rate and poor quality 
natural resources like land and water among rural 

people in some selected regions of Paschim 

Midnapore in West Bengal.   
Thus it can be stated that the geographical 

dimension of poverty has many linkages with the 
socio-economic and cultural aspects of society. 

Poverty in its historical, social and cultural roots is 
quite interesting and the landscape of poverty needs 

to be studied in its social and geographical dimension 

(Mridul and Mishra 2013). This prevailing 
phenomenon is related with the concept of multiple 

poverty in different layers of social structure. From 
the preceding discussions it can be said that poverty 

is the by-product of various socio-economic factors. 

Keeping this in mind, in the present study to 
understand the ground reality of poverty in  Hooghly 

district of West Bengal various social and 
demographic indicators like – Schedule Caste (SC) 

population, Schedule Tribe (ST) population, number 

of households under BPL (Below Poverty Line) 
category, literacy rate, gap in male-female literacy 

rate; economic determinants like - percentage of 
marginal workers, percentage of agricultural 

labourers; household level indicators like - availability 
of drinking water, availability of power supply, 

availability of latrine facility, availability of kitchen 

facility, accessibility of banking services have been 
considered. Because these determinants act as the 

root causes of poverty in rural areas. 

Study area 

Hooghly district is one of the most important agro-
based industrial districts situated on the west bank of 

Hooghly River in the state of West Bengal in India. 

The district extends from 22° 39ʹ 32ʺ N to 23° 01 ʹ 
20 ʺ N and from 87° 30 ʹ 20 ʺ E to 88° 30 ʹ 15 ʺ E. 

The district covers an area of 3149 km2 and has a 
population of 5.52 million (census of India, 2011).The 

district comprises four subdivisions: Chinsurah (Hugli 
Sadar), Chandannagar, Serampore and Arambagh. 

The district has 12 municipalities, 1 corporation, 18 C. 

D. Blocks, with 210 Gram Panchayats consisting of 

1,915 villages. Population Density of the district is 
1753/ Km2 and Population Growth is 9.49 % (2001 – 

2011).  Literacy Rate of Hooghly district is 82.55% 
and Sex Ratio of the district is 958 females per 1000 

males. 61.4 percent population of Hooghly district live 

in rural areas. According to 2011 census, the district 
comprises 24.35 percent SC (Schedule Caste) and 

4.15 percent ST (Schedule Tribe) population 
respectively. 30.85 percent of households come under 

BPL (Below Poverty Line) as per 2005 BPL census. To 
assess the spatial interlinkages of poverty 

determinants and social space of poverty all the 

eighteen C.D. Blocks have been considered for the 
present study. 

 

 

 Fig. 1: Location Map of Hooghly District 

Objectives 

1. To analyze various determinants of poverty and 
their spatial interlinkages in Hooghly District. 

2. To find out social location and genesis of 

poverty in the study area. 

Database and Methodology 

The present study is mainly based on secondary 

sources of data obtained from District census 
Handbook 2011, District Statistical Handbook of 
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Hooghly (2014), District Human Development Report 

of Hooghly (2011) etc. For attaining the result various 

qualitative and quantitative techniques have been 
implemented. The choice of indicators, to measure 

spatial interlinkages of poverty has been the most 
difficult task. Therefore what should be indicators to 

carry out such an exercise was a major question 

before us. After considerable discussions twelve 
indicators have been identified to compute the 

composite index to show the spatial interlinkages of 
poverty determinants. These are - Percentage of SC 

population (X1), Percentage of ST population (X2), 
Percentage of BPL households (X3), Literacy rate 

(X4), Gap in male-female literacy rate (X5), 

Percentage of marginal workers (X6), Percentage of 
agricultural labourers (X7), Percentage of household 

having drinking water facility (X8),  Percentage of 
household having availability of  power supply (X9),  

Percentage of household having latrine facility (X10), 

Percentage of household having kitchen facility (X11), 
Percentage of household having banking facilities 

(X12). For detailed analysis at first aggregate data 
have been compiled into percentage. After that to 

normalize the data we have used Dimension Index 
(DI). Dimension index (DI) is used to makes 

normalization of variables into a unit free form. In 

Human Development Report published by United 
Nations Development Programme (UNDP), Human 

Development Index (HDI) has been calculated by 
using this technique (Shive, 1991). Dimension Index 

for each indicator is calculated using the following 

formula: 

 
The range of DI varies from 0 to 1.  After 

normalization of data we have assigned rank in 

descending order for each parameter of the each 
block using Kendall’s ranking co-efficient method 

(1955). The block having maximum score has been 

ranked as 1 and other blocks have been ranked as per 
their score. After that the aggregate of the rank of 

different indicators of poverty of each and every block 
has been calculated to retrieve composite score.  

After calculating composite score we have 

standardized the data using Standard Score (Z score) 
with the help of the following formula: 

Zi = (X-μ) ÷ σ 
Where 

Zi = Standard Score 
X = Individual observation 

μ = Mean of the population 

σ = Standard Deviation of the population 
 

After calculating standard score we have 
categorized the blocks in three different categories 

i.e. high, medium and low as per their score value for 

easy analysis and interpretation. Highest standard 

score value signifies lowest intensity of poverty while 
lowest value denotes highest intensity of poverty. For 

better understanding and to portray spatial 
dimensions of various poverty determinants, poverty 

interlinkages and its social location, various maps 

have been prepared with the help of ArcGIS 10.5 
Software. Besides for data analysis we have used 

SPSS version 22 and MS Excel 2010 software. The 
methodological framework has been given below. 

 

 

Fig. 2:  Methodological Framework 

 

Results and discussions 

To understand the spatial interlinkages among the 

determinants of poverty and also to get a clear idea 
about the spatial pattern of poverty, composite index 

and standard score have been calculated in Table 1. 
For detailed analysis on the basis of standard score 

the whole district has been divided into three major 

categories in respect of the intensity of poverty – (i) 
area of extreme poverty (ii) area of moderate poverty 

and (iii) area of low poverty. 
(i) Area of extreme poverty:   
From Figure 3 it is clearly identified that among 

the 18  Community Development Blocks of Hooghly 
District three blocks are fallen under this category 

namely Arambagh (-1.99), Goghat-I (-1.82) and 
Panduah (-0.81). The situation of Arambagh block is 

the worst among these blocks due to various reasons 
like high concentration of SC population (37.57 

percent), maximum number of households under BPL 

category (49.89 percent), higher proportion of 
population involved in as agricultural labourers (42.74 

percent) and marginal workers (31.44 percent), huge 
gap in male and female literacy (10.88 percent), 

lower level of literacy rate (70.32 percent) etc. 
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Besides these, the block Arambagh also lags behind 

in terms of availability of drinking water (99.51 

percent), availability of latrine (67.06 percent) and 
kitchen facility (43.77 percent), availability of power 

supply (99.65 percent), accessibility to banking 
services (41.89 percent). Except Arambagh, the 

condition of Goghat-I and Panduah block is also 

vulnerable in terms of poverty and deprivation. 
Goghat-I block falls under extreme poverty category 

because of high concentration of SC (38.79 percent) 
and ST population (6.01 percent), higher gap in male-

female literacy (12.68 percent), vast number of 
population engaged as agricultural labourers (41.68 

percent), lack in accessibility of latrine (59.17 

percent) and banking facility (44.24 percent). The 

picture of Panduah block is almost similar in respect 
of poverty and deprivation. Various factors like 

highest concentration of ST population (15.36 
percent), second highest concentration of BPL 

households (34.30 percent), highest proportion of 

marginal workers (32.83 percent), low literacy rate 
(68.22 percent), lack of accessibility in terms of power 

supply (98.51 percent), kitchen facility (39.51 
percent) and latrine facility (51.24 percent) have 

contributed to generate such extreme poverty.

 
 

Fig 3: Spatial Pattern of Poverty in Hooghly District 

 

(ii) Area of moderate poverty: 
Figure 2 also demonstrates that most of the blocks 

i.e. eight blocks belong to this category – Eight blocks 

of the district – Pursurah (-0.73), Jangipara (-0.73), 
Tarakeswar (-0.64), Goghat-II (-0.48), Khanakul-II (-

0.31), Dhaniakhali (-0.06), Polba-Dadpur (0.11) and 
Chinsurah- Magra (0.36). These blocks occupy better 

circumstances in terms of poverty due to moderate 
concentration of SC and ST population, medium 

literacy, lesser gap in male and female literacy, lower 

number of people working as agricultural labourers 
and marginal farmers. Besides, these areas also get 

better facilities considering the availability of drinking 

water, power supply, kitchen facility and so on. 
Among these blocks, Pursurah, Jangipara and 

Tarakeswar lag more behind than other five blocks of 

this category.  
(iii) Area of low poverty: 
Low poverty is found in rest of seven blocks of the 

district- Chanditala-I (1.63), Haripal (1.37), 

Serampur-Uttarpara (1.04), Chanditala-II (1.04), 
Khanakul-I (0.87), Balagarh (0.62) and Singur (0.53). 

These blocks provide better scenario in respect of 

intensity of poverty. Here concentration of SC and ST 
population and households under BPL category is 

quite less. It is observed from the table 1 that the 
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lowest concentration of SC population is found in 

Chanditala-II block i.e. 15.21 percent. Similarly 

distribution of ST population is also less in these 
blocks, like Chanditala-I (0.16 percent), Khanakul-I 

(0.30 percent) etc. Number of BPL households is the 
least in Serampore-Uttarpara block (7.59 percent) 

followed by Chanditala-II (8.98 percent) and 

Chanditala-I (9.07 percent). Except the above 
mentioned reasons, in these areas a very small 

number of people are engaged as agricultural 
labourers and marginal workers. For example, in 

Serampore–Uttarpara block only 3.57 percent 
population work as agricultural labourers while in 

Chanditala-II block only 12.46 percent people come 

under marginal workers. Literacy acts as an important 

role in eradication of poverty. Because of high literacy 
rate in these blocks like Serampore-Uttarpara (79.42 

percent), Chanditala-II (76.92 percent) etc. poverty 
is much lesser than other blocks in the district. 

Besides, most of the people of these blocks 

experience better facilities like availability of drinking 
water, availability of power supply, availability of 

kitchen and latrine facility, accessibility to banking 
services etc. All these components together have 

played a vital role for the overall development of 
these regions.

Table 1: Spatial Interlinkages of Poverty Determinants in Hooghly district 

Source: District Census Handbook 2011, Hooghly and Personal computation 

Social Space of Poverty 

Social, cultural and psychological locations over 

space have many dimensions of poverty. Poverty in 
agrarian economy is followed in accordance with 

ethnic nature of social hierarchy, groups, nature of 

employment and participation in political and decision 
making processes. The geographical dimensions of 

poverty have various linkages with the socio-cultural 
aspects of a society.  This prevailing phenomenon is 

related with the formation of multiple poverty among 

different layers of social structure. Haan and Dubey 
(2005) argued that ‘the regional, social and gender 

disparities are more prominent factors which 
determine the poverty pattern’. The statement is 

more relevant in a country like India because Indian 
social structure is not homogenous. From the very 

ancient period of time in maximum parts of our 

country the lower sections of the society have been 
suffering from the problem of historical exploitation, 

social segregation, discrimination, exclusion, social 

and economic inequality etc. while the upper sections 
have been enjoying the fruit of development and 

legacy. Throat (2010) stated that ‘Indian society is 
primarily an identity-based society. This identity of an 

individual stems from caste, ethnicity, religion or even 

regional belongings amongst others’. So, though 
economic dimension is very useful in measurement of 

poverty, it is not able to explain all the facets of 
poverty because in India characteristics and intensity 

of poverty are not similar among different social 
groups of a society. Guchhait and Sengupta (2020) 

made a comprehensive study in Purulia district of 

west Bengal and identified scheduled social groups, 
especially the tribal people, engaged in daily wage 

casual labour followed by agricultural labourers are 
the most vulnerable to poverty indicators in their 

Blocks X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 Compo-
site In-

dex 
(Ci) 

Stand
ard 

Score 

Goghat 1 38.79 6.01 29.97 70.51 12.68 15.99 41.68 99.41 99.84 59.17 52.84 44.24 84.00 -1.82 

Goghat 2 36.15 4.72 17.85 69.04 11.40 23.22 41.51 99.21 99.73 62.09 49.88 39.49 100.00 -0.48 

Arambagh 37.57 1.46 49.89 70.32 10.88 31.44 42.74 99.51 99.65 67.06 43.77 41.89 82.00 -1.99 

Pursurah 21.35 0.48 31.51 73.52 10.64 22.71 33.83 99.44 99.83 73.25 49.67 45.56 97.00 -0.73 

Tarakeswar 23.63 5.04 18.62 72.33 10.52 30.84 38.09 99.51 99.15 67.41 40.30 54.89 98.00 -0.64 

Dhaniakhali 33.01 14.26 31.85 68.29 8.22 29.64 53.71 99.18 99.27 49.57 35.78 57.68 105.00 -0.06 

Panduah 32.04 15.36 34.30 68.22 9.04 32.83 51.33 99.98 98.51 51.24 39.51 51.55 96.00 -0.81 

Balagarh 40.79 9.23 11.19 69.75 9.22 20.38 42.99 98.99 99.27 62.52 53.25 47.78 113.00 0.62 

Chinsurah-Ma-
gra 

29.51 3.64 15.99 75.06 8.58 21.60 12.70 99.32 99.02 83.48 54.91 54.61 110.00 0.36 

Polba-Dadpur 35.79 11.47 28.54 67.74 9.94 24.78 54.89 99.19 99.01 48.57 43.47 56.08 107.00 0.11 

Haripal 28.03 6.70 27.56 70.68 8.42 22.07 40.05 98.97 98.96 58.83 44.62 55.41 122.00 1.37 

Singur 17.02 1.47 18.39 76.69 7.12 13.36 16.34 99.08 99.48 72.84 57.88 58.86 112.00 0.53 

Serampur-Ut-
tarpara 

23.04 0.82 7.59 79.42 7.44 13.57 3.57 98.17 99.07 94.22 66.83 62.94 118.00 1.04 

Chanditala-1 19.60 0.16 9.07 74.75 5.26 13.51 18.10 99.31 99.41 71.54 57.75 56.38 125.00 1.63 

Chanditala-2 15.21 1.00 8.98 76.92 4.86 12.46 6.31 99.38 99.30 85.35 62.79 58.27 118.00 1.04 

Jangipara 30.87 4.61 32.05 71.30 8.68 22.67 34.77 99.91 99.40 61.50 47.24 49.88 97.00 -0.73 

Khanakul-1 28.81 0.30 11.10 68.59 11.62 25.45 34.83 99.60 99.78 53.79 51.81 35.49 116.00 0.87 

Khanakul-2 30.07 0.02 16.47 69.72 10.58 25.55 29.25 99.68 99.83 60.42 59.44 46.73 102.00 -0.31 
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respective population segments of the district. Bagli 

and Tewari (2019) in their study pointed out the fact 

that in respect to the incidence and intensity of 
multidimensional poverty there is a wide variation 

across the social castes and among the social castes 
tribals are the poorest preceded by scheduled castes, 

general castes and OBCs. Under these circumstances, 

in this paper an attempt has been made to explain 
the persistence of poverty among different social 

groups in various blocks of Hooghly district. Table 2 
indicates caste-wise proportion of BPL households in 

Hooghly district to express rational view about the 
social location of poverty. From the table it is clearly 

viewed that according to 2005 BPL census, almost 

30.84 percent households of this district are identified 
as BPL households. Among the blocks maximum 

assemblage of BPL household is observed in 
Dhaniakhali (42.20 percent) block followed by Polba-

Dadpur (40.15 percent), Panduah (39.48 percent), 

Haripal (38.87 percent) and so on. While less 
concentration of BPL households is found in some 

urban dominated blocks like Chanditala-I (7.60 
percent), Serampore-Uttarpara (17.18 percent), 

Singur (17.77 percent) etc.  Among the total BPL 
households of this district maximum household i.e. 

almost 62.98 percent have fallen under SC category 

followed by general category (19.33 percent), OBC 
(8.95 percent) and ST category (8.74 percent). This 

pattern expresses the ground truth of social hierarchy 
of Indian society. In Hooghly district the picture is 

more relevant in rural blocks like Polba-Dadpur (76.41 

percent), Arambagh (75.19 percent), Panduah (71.53 

percent), Goghat-I (70.81 percent), Goghat-II 

(71.51) etc. where more than 2/3 population under 
BPL belong to SC category. Interestingly among the 

urban blocks, in Chinsurah–Magra almost 72.61 
percent BPL households come under SC category. It 

is clearly revealed that SC group is the most deprived 

social group and they have faced the problem of 
subcultural poverty. Maximum concentration of BPL 

households under ST category is found in Tarakeswar 
block (31.31 percent) followed by Dhaniakhali block 

(17.48 percent), Panduah block (14.13 percent) and 
Haripal block (11.20 percent). This is due to the 

higher concentration of ST population in these areas 

than other parts of the district. BPL households under 
OBC category is significantly maximum in Chanditala-

I block (36.05 percent) followed by Pursurah block 
(19.21 percent), Chanditala-II block (14.65 percent) 

and so on.  However, in some developed blocks like 

Serampore-Uttarpara (63.80 percent), Singur (59.99 
percent), Chanditala-II (44.06 percent), Chanditala-I 

(38.85 percent) maximum BPL households are under 
General category. This picture clearly illustrates that 

the severity of poverty is mostly concentrated among 
the lower strata of the society i.e.  SC and ST 

population than the other social groups.  Because 

these groups have been deprived of their rights that 
are necessary for the well-being of human life and till 

now continues to remain excluded from the 
mainstream of development processes.

 

Fig. 4: Social Hierarchical Space of Poverty in Hooghly District 
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Conclusion 

On the basis of the above discussion, it can be said 

that though in our country BPL is used to measure 

poverty, it cannot truly depict the reality of the 
intensity of poverty in any geographical space. Rather 

it is more prominent to identify the poor households 
on the basis of various determinants which provide 

better picture for understanding the reality of poverty 

in many aspects (Rao and Mishra, 2016).  
In this paper spatial pattern of poverty in Hooghly 

district has been described on the basis of various 
determinants like – concentration of SC and ST 

population, amount of BPL households, literacy, gap 

in male-female literacy, number of marginal workers 

and agricultural labourers, accessibility in various 
services like drinking water, power supply, latrine 

facility, kitchen facility, banking services etc.  
It has been investigated that the spatial pattern of 

poverty and its interlinkages with poverty 

determinants show positive but differential impacts. 
Further for better understanding about the magnitude 

of poverty the district has been categorized into three 
parts – extreme poverty, moderate poverty and low 

poverty on the basis of above -mentioned 
determinants.

 

Table 2: Caste Wise Distribution of BPL Households 

 
Blocks 

Total 
House-
holds 

Total 
BPL 

House-
holds 
2005 

Census 

BPL 
House-
holds 
(%) 

General 
Cate-
gory 
BPL  

House-
holds 

% OBC 
Cate-
gory 
BPL  

House-
hold 

% SC 
Cate-
gory 
BPL  

House-
hold 

% ST 
Cate-
gory 
BPL  

House-
hold 

% 

Goghat 1 29,520 10,616 35.96 1626 15.32 745 7.02 7524 70.87 721 6.79 

Goghat 2 34,962 8,782 25.12 1376 15.67 624 7.11 6280 71.51 502 5.72 

Arambagh 66,356 23,708 35.73 2788 11.76 2754 11.61 17826 75.19 340 1.43 

Pursurah 38,099 14,235 37.36 4347 30.54 2735 19.21 6954 48.85 199 1.40 

Tarakeswar 38,558 12,004 31.13 3336 27.79 1109 9.24 3801 31.66 3758 31.31 

Dhaniakhali 70,472 29,741 42.20 2027 6.81 1423 4.78 21091 70.92 5200 17.48 

Panduah 76,923 30,372 39.48 1707 5.62 2646 8.71 21726 71.53 4293 14.13 

Balagarh 52,508 14,709 28.01 2359 16.04 544 3.70 10350 70.37 1456 9.90 

Chinsurah-
Magra 

44,617 12,613 28.27 2240 17.77 544 4.31 9158 72.61 671 5.32 

Polba-Dad-
pur 

64,811 26,022 40.15 2744 10.54 1019 3.92 19884 76.41 2375 9.13 

Haripal 55,406 21,536 38.87 4168 19.35 2064 9.58 12893 59.87 2411 11.20 

Singur 59,962 10,658 17.77 6394 59.99 792 7.43 3196 29.99 276 2.59 

Serampur-
Uttarpara 

32,910 5,653 17.18 3594 63.80 380 6.75 1633 28.89 46 0.81 

Chanditala-1 33,305 2,530 7.60 983 38.85 912 36.05 629 24.86 06 0.24 

Chanditala-2 49,673 11,602 23.36 5112 44.06 1700 14.65 4674 40.29 116 1.00 

Jangipara 46,044 14,757 32.05 2360 15.99 1864 12.63 9355 63.39 1178 7.98 

Khanakul-1 47,049 11,020 23.42 2021 18.34 1263 11.46 7631 69.25 105 0.95 

Khanakul-2 36,935 10,430 28.24 3194 30.62 1122 10.76 6071 58.21 43 0.41 

Total 878,110 270,988 30.86 52,376 19.33 24,240 8.95 1,70,676 62.98 23,696 8.74 

Source: Panchayat and Rural Development Department, Hooghly and Personal computation 
Note: General = General Caste, SC = Schedule Caste, ST= Schedule Tribe, OBC = Other Backward Class (these are 

the four division of social class in Indian society) 

 

Extreme poverty mainly persists in three blocks i.e. 
Arambag, Goghat-I and Pandua. While low poverty 

exist in several blocks like Chanditala-I Haripal, 
Serampur-Uttarpara, Chanditala-II, Khanakul-I, 

Balagarh  and Singur. In rest of the blocks moderate 
poverty is observed.  

From the study it has also been portrayed that 

moderate to high poverty is mainly concentrated in 
the western and northern blocks while southern and 

eastern blocks which are near to the urban centers of 
the district are in better position in terms of poverty. 

It can also be stated that all the twelve indicators 
have played a crucial role to shape the spatial pattern 

of poverty of the district. The present paper also 
focuses on the nexus of poverty among the different 

social groups in Hooghly.  
The results further suggest that the spatial pattern 

of poverty is mostly followed by the prevailing nature 

of the social hierarchy. Among the total BPL 
households of this district maximum household are 

under SC category followed by general, OBC and ST 
category. From the present study it has also been 
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observed that in rural blocks like Polba-Dadpur, 

Arambagh, Panduah, Goghat-I, Goghat-II etc. 

poverty is mainly concentrated among the Schedule 
Caste population while in several blocks which are 

nearer to the urban centres such as Chinsurah-Magra, 
Chanditala-II, Chanditala-I and Serampore-Uttarpara 

poverty is mainly concentrated among the general 

caste people.   
The analysis also reveals that the severity of 

poverty is mostly concentrated amongst the lower 
strata of the society i.e. SC (Schedule Caste) and ST 

(Schedule Tribe) population because they have been 
deprived of getting different amenities to sustain their 

life and livelihood. These ground realities are serious 

crises that need special attention from policy makers, 
development planners and strategists so that in near 

future the inequality and intensity of poverty may 
reduce among the lower sections of the society in 

Hooghly. 
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Abstract 

The history and cultural memory of hajduk’s and uskok’s 
movements in the Balkan territory are well-documented, and even 
became recognized as a part of tangible and intangible heritage 
through the Balkan region. The historical and cultural importance 
of those movements is mostly reflected in oral epic literature, 
toponomastics, and some local traditions and customs. The 
research aims to analyze the contexts of “hajduks and uskoks” 
heritage in the territory of former Yugoslavia (Serbia, Croatia, 
Bosnia and Herzegovina, and Montenegro), and in particular, the 
reflections of cultural remains of those movements emphasized in 
oral traditions and traditional sports and games as intangible 
cultural heritage of the region. Special focus is placed on various 
traditional “hajduk games and skills” which were transmitted to 
the traditional sports events, and reflect great similarities on a 
regional level. This is confirmed by a comparison of selected 
events of the ex-Yugoslav area within different contexts. These 
events are perceived as part of living folk culture and sort of 
public memorialization of hajduk’s and uskok’s movements and 
historic battles, recently becoming a prospective element of 
intangible cultural heritage with international recognition (eg. 
Nevesinje Olympics, Alka of Sinj, Ljubičevo Equestrian Games, 
etc.). However, under the process of popularization and 
globalization, traditional folk sports and games became a sort of 
invented tradition under the process of commoditization and 
commercialization. The scopes and popularity of such sports 
events and traditions are limited and endangered, demanding 
more public attention, reaffirmation and support. 

Keywords: hajduk`s and uskok's movements, intangible 
heritage, sports competitions, former Yugoslav area 

Rezumat. Imaginea haiducilor și uslașilor și rolul 
acesteia în formarea sporturilor și jocurilor 
tradiționale ca patrimoniu imaterial al zonei ex-
Iugoslave 

Istoria și memoria culturală a mișcărilor haiducilor și uslașilor pe 
teritoriul balcanic este bine documentată și chiar a devenit 
recunoscută ca parte a patrimoniului material și imaterial din 
regiunea balcanică. Această importanță istorică și culturală se 
reflectă în cea mai mare parte în literatura epică orală, 
toponomastică și unele tradiții și obiceiuri locale. Scopul cercetării 
este de a analiza contextul moștenirii „hajduks și uskoks” pe 
teritoriul fostei Iugoslavii (Serbia, Croația, Bosnia și Herțegovina și 
Muntenegru), și în special de a analiza reflectările rămășițelor 
culturale ale acelor mișcări evidențiate în tradițiile orale și 
sporturile și jocurile tradiționale ca patrimoniu cultural imaterial al 
regiunii. O atenție specială este acordată diverselor „jocuri și 
abilități haiducești” tradiționale care au fost transmise 
evenimentelor sportive tradiționale și reflectă asemănări mari la 
nivel regional. Acest lucru este confirmat de compararea 
evenimentelor selectate din zona ex-Iugoslavă în diferite contexte. 
Aceste evenimente sunt percepute ca parte a unei culturi populare 
vii și a unui fel de comemorare publică a mișcărilor și bătăliilor 
istorice ale haiducilor și uslașilor devenind recent un element 
prospectiv al patrimoniului cultural imaterial cu recunoaștere 
internațională (de ex. Olimpiada Nevesinje, Alka din Sinj, Jocurile 
ecvestre Ljubičevo etc.). Cu toate acestea, în timpul procesului de 
popularizare și globalizare, sporturile și jocurile populare 
tradiționale au devenit un fel de tradiție inventată în cadrul 
procesului de comoditizare și comercializare. Domeniul de aplicare 
și popularitatea unor astfel de evenimente și tradiții sportive sunt 
limitate și puse în pericol, cerând mai multă atenție publică, 
reafirmare și sprijin. 

Cuvinte-cheie: mișcarea haiducilor și uslașilor, patrimoniu 
imaterial, competiții sportive, fosta zonă Iugoslavă 

 

Introduction 

Preservation of intangible cultural heritage 
represents a relatively recent activity that was 

initiated by UNESCO in 2003, through the adoption 

of the Convention for the Safeguarding of Intangible 
Cultural Heritage. This was the most valuable 

contribution in recognizing the importance of 
intangible cultural heritage at the international level 

(Bozanich, 2013, p. 104). All Balkan states ratified 

this convention by 2010 (Croatia in 2005, Albania, 
Romania, North Macedonia, and Bulgaria in 2006; 

Bosnia and Herzegovina and Montenegro in 2009, 

Serbia in 2010), followed by the establishment of 
networks and national lists of intangible heritage. 

The intangible cultural heritage may be recognized 
through oral traditions and expressions, music and 

performing arts, handicrafts and visual arts, social 
practices, rituals and festive events, knowledge, and 

practices concerning nature and the universe. 
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Actually, it is about an oral traditional culture formed 

in the ancient past and transmitted through 

generations (continuum of transfer of cultural 
patterns). The fundamental concept of oral culture is 

the continuous preservation and obligation of 
transmitting heritage to the young generations. Oral 

traditional culture consists of customs, rituals, 

beliefs, music, skills, crafts, oral literature, and 
similar (Bižić & Omčikus, 2005). 

The heroism and the life of hajduks and uskoks 
were retained in public memory through rich oral 

traditions that were transferred from generation to 
generation. This folk tradition represents an 

important part of national and regional cultural 

heritage within the Balkan space, in both, tangible 
and intangible manner. Material culture is 

represented in museum exhibits of weapons, 
clothes, equipment, written documents, literary 

works, pictures and paintings, etc.  (eg. Karađorđe's 

konak (Topola), Konak of elder Rujan (hajduk Jovan 
Mićić), Museum of hajduk Veljko Petrović (Negotin); 

Alka Museum (Sinj), etc. Some associations nurture 
the tradition of hajduks, like Homeland Society 

“Stanoje Glavaš’’ (Glibovac village, Smederevska 
Palanka, Serbia), Historical unit “Klis uskoks” (Klis, 

Croatia). There even exist a self-proclaimed “Hajduk 

Republic of Mijat Tomić” with a seat in the motel 
“Hajdučke vrleti” whose owner acts as the sole ruler 

of this micro-republic positioned in no-one's land 
between mountains of Vran and Čvrsnica in Blidinje 

Nature Park (Bosnia and Herzegovina). Moreover, it 

can be represented as a part of intangible cultural 
heritage through various festivals, folklore, 

traditions, and poetry, such as social events like 
Days of Čučuk Stana and Hajduk’s Depart (Lajkovac 

village, Serbia). The preservation of hajduk/uskok 

tradition is typically connected to oral traditions and 
expressions, often accompanied by traditional 

instruments. In 2018, the Singing to the 
accompaniment of the Gusle instrument in Serbia 

was inscribed to the UNESCO's Intangible Heritage 
list by Serbia, representing an ancient art of 

performing primarily heroic epics practiced for 

centuries as a form of historical memory and an 
expression of cultural identity 

(https://ich.unesco.org/). However, singing epic 
songs with a gusle instrument, but also other types 

of instruments common to other Balkan states 

(Montenegro, Bosnia and Herzegovina, Croatia, 
Albania) (Jerkov, 2018) and is part of the national 

register of the intangible cultural heritage of Bosnia 
and Herzegovina. Usually, the poems that were sung 

accompanied by the gusle glorified heroes since 
medieval times. Epic poems profoundly influenced 

the struggle for liberation from Turkish authority and 

helped in retaining national identity and the creation 
of independent Balkan states in the first decades of 

the 19th century. Folk singers, the gusle players, for 

centuries performed an important role in describing 

significant events from national history; this was 

strictly an oral tradition until those songs were 
written down in the 19th century through the efforts 

of Vuk Stefanović Karadžić (Papan, 2013, 2015). It 
must be noted that the people of Montenegro, 

Bosnia and Herzegovina, and Croatia have a rich 

epic tradition with remarkable similarities and 
patterns of expression, showing its common origin. 

One way of preserving the hajduk/uskok folk 
tradition, besides oral epic tradition, is reflected in 

the organization of traditional sports and games and 
competitions (“hajduk’s megdan”, competing with 

expressing skills and strength). Traditional sports, 

games and competitions comprise elements of the 
intangible cultural heritage, being included in 

national and international lists (such as the 
UNESCO’s intangible cultural heritage list). As such, 

they may be detected in the observed area (Croatia, 

Bosnia and Herzegovina, Northern Macedonia, 
Slovenia). In the contemporary world, they are 

frequently represented in various competitions of 
recreation sports (TAFISA - The Association for 

International Sport for All (http://www.tafisa.org/) 
and constitute part of cultural, sports and rural 

tourism activities (Bjeljac, Ćurčić, Brankov, & 

Milanović Pešić, 2019). Today, such traditional 
games are promoted and nurtured through cultural 

events such as Alka of Sinj (Croatia, UNESCO ICH), 
Uskok battle for Klis (Klis fortress, Senj, Croatia), 

Nevesinje Olympics (Nevesinje, Bosnia and 

Herzegovina, NCH), Hajduk Games (Kotor Varoš, 
BIH), Ljubičevo Equestrian Games (Požarevac, 

Serbia), Days of Stanoje Glavaš (Glibovac village, 
Smederevska Palanka, Serbia), Days of Hajduk 

Veljko (Negotin, Serbia), Hajduk Evenings (Bogatić), 

Hajduk's Harambaša (Osečina), Hajduk Games 
(Gadžin Han, Serbia), Hajduk Games (Knić, Serbia), 

Kursula Days (Kraljevo, Serbia), Race for the ring 
(Barban, Pula, Croatia), Hajduk trail race 

(Tomislavgrad, peaks – Harambaša, Hajduk, Jatak, 
Bosnia and Herzegovina), Hajduk's Depart (Vreoci, 

Srbac, BIH) and others. Through these sports-

cultural events different sports disciplines, skills, 
bidding are nurtured till the day. 

The Hajduk’s and Uskok’s Movements 
and Legacies 

The penetration of the Ottomans to the Balkan 
Peninsula and their firm rule over these lands lasted 

from the middle of the 14th century to the first 

decade of the 20th century. It greatly influenced the 
living conditions of the population of this area 

(economic, socio-political, cultural). Often cruel and 
heavy taxes and burdens, along with various looters 

to the Slavic population (common peasantry) were 
present on all levels of Ottoman rulership (feudal 
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relations and rambunctious behavior of Turkish 

landlords – aga, spahi). Such unfavorable status 

resulted in rebellions and riots among local 
populations, which were often cruelly suppressed by 

the Turkish military, often by committing massacres 
over the rebellious population. Appearance and 

spreading of the so-called “hajduk” groups in the 

Balkans were strongly influenced by Ottoman 
rulership and the unfavorable position of Slavic 

nations with a strong military tradition of mercenary 
squads in the medieval states. Within Balkan space, 

the liberation struggle against Ottoman rule took a 
typical guerrilla way of fighting. Its leaders and 

heroes originating from the simple peasantry were 

acting as outlaw groups in mountainous regions. 
This was evidenced in Balkan nations – in Serbia, 

Croatia, Bosnia and Herzegovina, Montenegro, 
Albania, Greece, North Macedonia, Bulgaria, 

Romania. Although many hajduk groups were acting 

more as armed bandits and far less as “freedom 
fighters”, their unusual lifestyle was generally seen 

as a last resort for Christians who found themselves 
in dire circumstances under Turkish rule. Thus, those 

movements became a part of the epic culture in the 
Balkan lands from the 17th to late 19th century. The 

members of such groups were commonly called 

“hajduks” (outlaws, bandits). The term was used to 
describe an outlaw who lives and hides in the forests 

from spring to autumn, enduring robbery and 
abduction, by raiding and looting Turks, foreign and 

local travelers. There were various reasons for one 

to become hajduk: rebellion, robbery, avoidance of 
punishment for a crime, inability to pay taxes and 

make a living, as well as personal revenge. There is 
a folk dictum: “St. George’s Day hajduk's gathering, 

St. Dimitrios Day hajduk's depart”, marking the 

seasonal cycles of the hajduk activities. Haiduk 
groups usually gathered in the woods in the 

springtime (St. George's Day on 6th May) and 
departed in late autumn (8th November). In Serbian, 

Montenegrin, Croat, and Bosnian lands common 
terms “hajduk” and “harambaša” were often used. 

In Bulgaria similar terms “hajdutin, haramija, 

vojvoda, bajraktar, deli, momčeta” (Nenov, 1999, 
p.20), and in Romania “hajduk, ritter, brigand, 

pribag” were present (Paun, 1973, p. 33). Hajduks 
in the Balkan space represented typical social 

bandits, defined as “peasant outlaws whom the lord 

and state regard as criminals, but who remain within 
peasant society, and are considered by their people 

as heroes, as champions, avengers, fighters for 
justice, perhaps even leaders of liberation, and in 

any case as men to be admired, helped and 
supported” (Hobsbawm, 2001, p. 20). This is quite a 

common phenomenon in European folklore. Parallel 

with the hajduk movement, in the borderline regions 
with the Ottoman Empire, appears the so-called 

uskok movement (“uskok” or “prebeg”). The term 

came from the Slavic words (“prebeći” – to escape) 

initially used to indicate the population that migrated 

in escape to the Habsburg territory. They usually 
joined military service in the borderline areas 

towards the Ottoman empire (mostly colonists of 
Serbian, Croatian and German ethnicity). The other 

term “uskok” represents men who literary jumped 

into the Ottoman territories to fight. Thus, they 
represented a special liberation movement against 

Turks in the Adriatic hinterland. Their activities are 
officially evidenced in vivid diplomatic documents 

between Austria, Venetian Republic and Turkey 
(Stanojević, 1973, pp. 175-176).  

According to Barkey (1996, p. 145), uskok’s units 

were defined as state-legitimated irregular soldier 
communities in Croatia since the 17th century. They 

were predominantly made of the colonist population 
from the Balkans, mostly from Herzegovina and 

Montenegro, but also from natives from Dalmatia 

(Croatia) and Boka Kotorska (Montenegro) 
(Samardžić, 1989, p. 2019). They differed from 

hajduk in the organizational system, as they fought 
in larger, military-like, groups, had better 

organization, uniforms and weapons, and were often 
state-financed (Habsburg monarchy and the 

Venetian Republic). They often invaded the areas of 

the Venetian Republic (the surroundings of 
Dubrovnik and Dalmatia), looting and collecting 

taxes from the wealthy population of Dubrovnik and 
the Venetian Republic and fighting Turks with cordial 

support of their people (Pederin, 1982). They were 

causing numerous rebellions in the borderline areas 
of the Habsburg Monarchy and the Venetian 

Republic towards the Ottoman Empire (so-called 
Military Frontier). Since its establishment in the 16th 

century until the end of the 19th century, the 

territory of Military Frontier has acted as the cordon 
sanitaire against incursions from the Ottomans. It 

included the territory of nowadays Croatia 
(Dalmatia, Lika, Kordun, Banija, Slavonija), Serbia 

(Bačka, Banat), Romania and Hungary (Transilvania 
– Erdelj).  

Despite examples of hajduks and uskoks acting 

as a sort of social protectors, defenders and 
avengers of the peasantry (Curott & Fink, 2012), 

there was abundant evidence that they did more 
harm than good to the peasantry of the Ottoman, 

Venetian and Habsburg empires. The peasantry 

suffered the long-term consequences of their 
activities, despite their entrenchment in folk poetry 

(Bozanich, 2013, p. 11). Hajduks and uskoks did 
attack and took riches from the state and feudal 

lords, but these were rarely shared with the rayah. 
Instead, goods were fairly divided among the band 

members. To recuperate the lost riches, the state 

acted heavily taxing and directly punishing the 
peasants. Historiography evidence some peasants' 

agreements with hajduks to stop their attacks or to 
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defend the village from other hajduk/uskok bands 

(in the form of pre-modern protection deals). Thus, 

with the aureole of the religious fight against Turkish 
and feudal tyranny, the folk tradition gave them a 

specific romanticized “Robin Hood” conception in the 
public memory construct which is well-document in 

oral epic poetry. The extensiveness of the hajduk 

and uskok movement in public memory and its 
influence on vernacular cultural patterns may be 

seen in folk tradition, legends, and even 
toponomastics.  In folk medicine, the herb yarrow 

(lat. Achillea Millefolium) is popularly called “hajduk’s 
grass’’ in the Balkan region. The plant name was 

developed from the records of the common use of 

this herb by hajduks to heal their wounds. 
Geographical toponyms in these areas often bear 

the prefix “hajdu-”, like Hajdučica (Plandište 
municipality) and Hajdukovo (Subotica municipality) 

in northern Serbia, in south-east Hungary area 

called Hajdúság (Land of the hajduk), but also in 
many settlements within the Military Frontier line 

between Habsburg monarchy and Ottoman Empire. 
Geographical toponyms, mostly mountain peaks and 

caves, like Hajdučka Vrata on Mt. Čvrsnica in Bosnia 
and Herzegovina, Hajduk Cave (Debeljaci, 

Banjaluka, BIH), Hajduk Cave in Homolje Mts. 

(Serbia), Mt. Romania's popular name is “Hajdučka 
Gora”, settlement Uskoci (Stara Gradiška, Slavonia 

region, Croatia), region Uskoci (near Šavnik, 
Montenegro), etc. Some streets, schools and 

organizations bear the names of renowned hajduks 

and uskoks. It is commonly used as a name of some 
sports clubs, such as football club Hajduk (Split, 

Croatia), Hajduk Veljko (Negotin, Serbia), Hajduk 
1912 (Kula, Serbia), Uskok (Klis, Croatia), etc. 

 Sport Competitions and Skills 
(Traditional Sports and Games) as 

Intangible Heritage 

At UNESCO’s 25th meeting in Paris in 1989, ideas 
in recognizing games as one form of intangible 

heritage expression were discussed. “Traditional and 

popular culture is the totality of tradition-based 
creations of a cultural community, expressed by a 

group or individuals and recognized as reflecting the 
expectations of a community in so far as they reflect 

its cultural and social identity; its standards and 

values are transmitted orally, by imitation or by 
other means. Its forms are, among others, 

language, literature, music, dance, games, 
mythology, rituals, customs, handicrafts, 

architecture, and other arts”(www.unesco.org). The 

term 'traditional games' is now commonly used 
worldwide to describe aspects of the traditional or 

culturally relevant play and movement cultural 
heritage or cultural expressions of identifiable 

cultural groups. Since the first decade of the 20th 

century, UNESCO recognized traditional sports 

games as a part of intangible cultural heritage. In 

2003 UNESCO's Convention on the Protection of 
Intangible Cultural Heritage - ICH recognized the 

central role of communities, groups and individuals 
in the ICH concept and practice extension. For the 

first time, international law was introduced as an 

instrument to enable the states to develop cultural 
policies to establish basic rights on the cultural 

affirmation (Anonymous, 2015). There is a 
staggering cultural richness of indigenous, 

traditional, historical, and regional folk sports and 
games from different nations and ethnic minorities 

worldwide. Many of them are fascinating not only for 

their differences but for the similarities of shared 
common features as well (Berti & Zingari, 2019; 

Bronikowska & Groll 2015).  
Traditional games include all aspects of 

traditional and contemporary play and movement 

expressions that are or have been, developed, 
repeated, and shared informally and/or formally 

(Linaza, Kieran, and O’Connor, 2013). Different 
terminology was used to indicate the cultural value 

of traditional sports and games (Bronikowska, et al., 
2015), folk games (Eichberg, 1995); ethnic games 

(Sogawa, 2006); old sports (Cvetković, 1982), 

traditional folks sports games, and skills (Bjeljac, 
Ćurčić, & Ivolga, 2017). As Cvetković (1982) 

indicates, old folk sports and competitions represent 
the corpus of knowledge and skills that are 

transmitted from generation to generation. The basis 

of traditional sports is reflected in folk games with 
the outlined competitive component, represented 

with a variety of competitions that were mostly 
forgotten over time. There are various 

classifications. A typology, adapted since 

international research sponsored by the Council of 
Europe, was constructed based on formal structural 

characteristics of the games. Its main categories are 
ball games, bowl-and-pin games, throwing games, 

shooting games, fighting games, animal games, 
locomotion games, and acrobatics’ (Renson, 1991). 

There is an estimation that on the global level exists 

over 3,000 different traditional sports and games 
(Liponski, 2003).  

From 2008 till 2021 on the UNESCO ICH list total 
of 33 traditional sports were inscribed, among 

which: wrestling competitions such as Chidaoba 

(Georgia), Sirum (Korea), Kureshi (Kazahstan), 
Kurkinal oil wrestling Festival (Turkey); martial arts: 

Tahteeb (Egipt), Taekveon (Korea), Capoeira (Brasil), 
as well as various skills on horses. The greatest 

number of traditional sports games on the UNESCO 
list is located in the area of Middle East, South and 

Southeastern Asia (www. unesco.org). Those are 

closely interconnected with the tradition and local 
culture of people and nations of these areas, 

incorporating presentation of the folklore, customs, 
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rituals, music, craftsmanship, and oral tradition. In 

the area of former Yugoslavia, different research 

indicated that over 60 traditional folk sports and 
skills were preserved with over 80 variations 

(Cvetković, 1982; Marjanović, 2005; Bjeljac, at al., 
2019). Among these, seven sport types are 

extracted: traditional athletic sports, martial arts, 

traditional folk sports, traditional equestrian sports, 
old water sports, old winter sports, traditional folk 

games. These sports and games may be categorized 
as competitive games without using ancillary items, 

competitive games with the use of ancillary items, 
competitive winter games with the use of ancillary 

items, and competitive games with the use of 

animals (Eichberg, 1995).  
As part of traditional folk sports and competitions 

that were kept until now we recognize: 
- Old folk sports competitions and games 

(Narodni višeboj) - (a set of a dozen disciplines in 

competing in strength and skill. The origin of the 
games and rules are based on 

-  oral tradition and folk legends, mostly of 
hajduk/uskok epic cycles, which is a common 

characteristic and present in former Yugoslav states. 
- Shepherd's Games – as shepherds are still 

present in mountainous areas of the Balkans, such 

tradition is transmitted as a way of fun, physical 
activity, skills and games played in open space. 

- Folk equestrian sports. Horses always had a 
very important role in human history and in the 

everyday life of people. Sport folk games and 

competitions therefore often involve horse races, 
horse-drawn carriage races, shooting in the target in 

a trot, etc. 
- Traditional martial arts. There are old sports 

based on strength and fighting skills, such as 

different types of wrestling, etc. 
During the process of inhabitation of the Balkan 

Peninsula, the South Slavs imparted their language, 
customs and culture, which included the forms of 

physical exercise and practices. As a warrior culture, 
their training focused on the skills of handling a 

spear and sword, and direct fighting (wrestling and 

fist-banging). In the middle ages, with the Ottoman 
invasion of these areas, as well as strong European 

influences, there were two different types of sports 
competitions: knights' tournaments (reserved for the 

noblemen) and competitions “megdani” for lower 

social classes organized during folk convocations and 
celebrations. Ordinary people have their own forms 

of competitions: stone-throwing, running, wrestling, 
arm wrestling, fist-cuffing, spear throwing, sword 

and maze fighting, archery in aiming through the 
ring, horse riding, jumping over various obstacles 

(horses, spears, fire), climbing a tree or a cliff, etc. 

(Bjeljac et al., 2019). Such disciplines were sung 
about in national epic songs. Horse riding and 

hunting are widely present skills valued among epic 

heroes (Šiljak, 2007). Such competition was often 

organized in the time of resting, in between hajduk 

seasonal activities. Among hajduk and uskok groups, 
various competitions in skill and endurance were 

present. The common characteristics among all such 
groups in the territory of former Yugoslavia, was 

serious physical fitness (strength and fitness), highly 

emphasized national dimension (patriotism), specific 
psycho-social dimension (sociability and assistance 

to the weaker), and especially extreme courage and 
belligerence. It is important to outline that these 

characteristics, with exception of belligerence, were 
forthcoming in most hajduk's competitions. Such 

competitions, by some unwritten rule, always took 

place during some major religious holidays, mostly 
organized at a monastery or church courtyard, being 

a sport and cultural events of wider folk assembly. 
From a historical aspect, certain liberation battles 

directed against Ottoman Empire left their traces in 

South-Slavic mythology and epics, such as the Battle 
of Sinj in 1715 and the Herzegovina Rebellion of the 

Slavic population in Bosnia and Herzegovina and 
Montenegro in 1875. 

Traditional sports and cultural events like Alka of 
Sinj (Croatia, UNESCO ICH; National Cultural 

Heritage; Uskok battle for Klis (Senj, Croatia, NCH); 

Race for a ring (Barban, Pula, Croatia); Nevesinje 
Olympics (Nevesinje, Bosnia and Herzegovina, 

NCH); Hajduk Games in Kotor Varoš, BIH); Hajduk 
trail race (Tomislavgrad, Bosnia and Herzegovina); 

Hajduk's Depart (Vreoci, Srbac, BIH); Hajduk 

Evenings (Kotor Varoš; BIH); Ljubičevo Equestrian 
Games (Požarevac, Serbia); Days of Stanoje Glavaš 

(Glibovac village, Smederevska Palanka, Serbia); 
Days of Hajduk Veljko (Negotin, Serbia); Hajduk 

Evenings (Bogatić); and many others are regarded 

keepers of the tradition of hajduk and uskok games 
and competitions reflected in a continuous need for 

the revival of folk materialization. 

Alka of Sinj a Knights’ Tournament 
(Croatia) 

The festival Alka of Sinj represents a chivalric 

tournament that takes place annually. It is held on 
the Sunday of the beginning of August, since the 

18th century, in the town of Sinj, in the Cetinska 

Krajina region in Croatia. It is considered a 
commemorative event celebrating the victory over 

the Turks in 1715. The history of uskok’s fighting 
against Turks starts with the fall of the Klis (1537), 

and the migration of these groups to Sinj. Most 

renowned such groups were those from Senj, active 
as a military force in the coastline for over 80 years 

under the patronage of Austria. Acting against Turks 
and often with the Venetian Republic, uskoks were 

moved from Senj to secluded islands and areas 
around Otočac and Žumberak, and parts of Istria. 
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Ravni Kotari near Zadar remained the only greater 

uskok center on the Adriatic coast, led by Stojan 

Janković. Baja Nikolić Pivljanin (leader of Bokelj’s 
brigade) returned to Perast and continued to fight in 

the hinterland of the Dubrovnik Republic. In the 
Morean war (1684-1699) these groups received a 

character of unregular Venetian military units. 

Similar to hajduks and pirates, they were fighting 
and robbing both Turks, tradesmen, and even local 

Christians (Milanović, 2017). In the Second Morean 
or so-called Sinj's Turkish-Venetian War (1714–1718) 

a great battle between the Christian and Turkish 
armies took place in 1715. Wherein battle over Sinj 

700 town defenders were able to defend a town 

from the attack of over a dozen thousand Turks. The 
Turkish army was exhausted with hunger and 

dysentery, abandoning the Cetina Military Borderline 
(Marković, 1998). Battle with Turks in the 18th 

century constituted an important segment of an oral 

tradition of Sinj's local population. Here the unique 
place holds the legend of Lady of Sinj, starting with 

1687. According to the legend, the clergy of Ram 
abandoned the monastery aiming to liberate Sinj, 

bringing along the painting of Lady of Grace as its 
greatest treasure. Thus, people believe that 

explanation for the defeat of the Turkish army was 

that the Lady sent a sickness to the enemy, causing 
the stopping of attacks (Vukušić, 2005). 

The Alka of Sinj is an example of the traditional 
sports competitions that were regularly held in the 

Croatian coastal towns since the 18th century. It is 

closely interconnected with uskok tradition. The 
event has become a marker of local history and 

collective memory. From 2010 onwards, this 
traditional event was incorporated into the UNESCO 

ICH list. Sinj's Alka by its origin is not fully 

developed from local tradition, but instead, it 
represents a specific conglomerate and extension of 

European chivalric games. “In the time of 
introducing Alka celebration in Sinj, the area was 

inhabited by people originating from Bosnia and 
Herzegovina. These newcomers brought in Cetina 

their living habits and dialect full of Turkish words 

and expressions adopted under Turkish rule” (Jurić, 

1988, p. 277), common in the area of Herzegovina 
and Dalmatia (Vukosav, 2011). The first mention of 

the Alka of Sinj tournament originates from 1798. It 
is found in the official request of the organizers and 

participants directed to the authorities to provide the 

necessary means to host the tournament (Vukušić, 
2007). The oldest copy of the initial Statute of the 

Association “Alka of Sinj” dates back to 1833. It 
contains the basic information on the historic event 

(based on a victory over the Turkish army in 1715),  
the rules transferred on all subsequent versions 

(Jurić, 1988, p. 83), and the obligations of players 

and other participants (the duke, flag-bearer, a 
squire, guides, etc.) (fig. 1- photo 2). These terms 

were commonly used among uskok groups reflecting 
the hierarchy in the unit. Celebrations follow defined 

rules during the whole ceremony, while participants 

wear rich traditional costumes, being armed with a 
spear and a saber on their left flank. In the main 

ceremony, two guides lead a horse that symbolizes a 
horse of Turkish pasha. During the competition, 

knights ride horses at full gallop along the main 
street aiming lances at an iron ring hanging on a 

rope (fig. 1, photo 3). The winner is the one who 

gathers the most points in three races. The name 
“Alka” of the tournament derives from a word of 

Turkish origin meaning a ring or hoop, used as a 
target. This reflects the historical co-existence and 

cultural exchange between two different civilizations 

(fig. 1, photo 1). The tournament rules, codified in 
1833, promote ethics and fair play, outlining the 

importance of participation in community life. 
Participants must be members of local families of 

Sinj and the Cetinska Krajina region. The whole 

community helps to produce, conserve, restore and 
reconstruct weapons, clothes, and accessories to 

support the continuation of the tradition. The 
tournament is intertwined with local religious 

practices, social gatherings, family visits, and 
festivities at home and in the open air. 
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Fig. 1: Alka of Sinj 2019. (Photos by N. Bratić, 11.08.2019; Visitsinj.com, 

https://www.facebook.com/search/top/?q=Sinjska%20Alka&epa=SEARCH_BOX) 

Nevesinje’s Olympics, Nevesinje (Bosnia 
and Herzegovina) 

Nevesinje's Olympics is a traditional folk sports 
competition incorporated in the national register of 

the intangible cultural heritage of Bosnia and 
Herzegovina, and in 2018 nominated for 

incorporation to the UNESCO ICH list. These games 

have a 142 years long tradition and were organized 
annually in August in town Nevesinje. They 

represent folk celebration that involves about 15 
traditional sports: distance jumping from a spot, 

jumping on the bellows, bag racing, racing with an 
egg in a spoon, fighting on a log, pulling a piston, 

throwing a rock from a shoulder, pulling a rope, 

horse races – of different horse races (fig. 2-photo 
5), etc., and about the same number of modern 

sport disciplines, incorporating various cultural 
events (ethnographic exhibitions, music competition 

of gusle players, poetic and artistic shows, etc.). 

Nevesinje's tradition has its links with old hajduk's 
competitions present in the area of Nevesinje, but 

also throughout Bosna and Herzegovina. It can be 

dated to the era of Turkish occupation, long before 
the annexation of Bosnia and Herzegovina by 

Austro-Hungary in 1878. These folk competitions 
inevitably involved using gusle and fife instruments 

followed by traditional singing practices. A copy of 

the 1891 poster advertising Horse Racing in 
Nevesinje (photo 4), personally authorized by the 

Austro-Hungarian Imperial Envoy to Bosna and 
Herzegovina, is kept in the Church Municipality of 

Nevesinje (Duka, 2019). This celebration has historic 
links to the Herzegovina Uprising, led solely by the 

Orthodox Herzegovians (Deretić, Ćosović, & Unković, 

2005) supported by Montenegrin and Austrian 
governments. The Herzegovina Uprising was 

initiated with the event of 5th July 1875 with an 
attack of hajduk group led by Pera Tunguz (called 

“Nevesinjska puška”) on Turkish caravan on the road 

between Mostar and Nevesinje (Cetina Poljana, 
Bišina Mt.). The Uprising was an outcome of hard 

loathings of Christians introduced by tax-collectors 
and police directed by Derviš-paša, the Governor of 

Bosnia. 
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Hajduk’s Games in Serbia 

In Serbia, many competitions and events are 

based on traditional folk competitions and hajduk 

legacies. In 2019, the research within the project 
“Research, Evaluation and Documentation of 

Traditional sports games in Serbia as Elements of 
Intangible Cultural Heritage” funded by the Ministry 

of culture and information of Serbia were carried 

out. The realization of the project was led by the 
Association for promotion of traditional culture 

“Izvor” from Belgrade in cooperation with 
Geographical Institute “Jovan Cvijić” SASA from 

Belgrade and Faculty of Science of the University of 
Novi Sad. The follow-up project in 2020 “Folk games 

and competitions in Serbia as endangered intangible 

cultural heritage – research, valuation, and 
documentation” in the realization of Geographical 

Institute “Jovan Cvijić” SASA financed by the 
Ministry of Culture of Republic of Serbia is 

postponed due to the current circumstances. Among 

events dedicated to other hajduks in Serbia, for 
example, “Days of Hajduk Veljko” in Lenovac village 

(Negotin), “Hajduk Evenings” (Bogatić), “Hajduk's 
Harambaša” (Osečina), this event has particular 

importance due to the historical role of Stanoje 
Glavaš, hajduk's leader, and deputy of vožd 

Karađorđe. Among several traditional sports events 

explored, events that promote hajduk sports 

competitions and skills particularly stand out are 
“Days of Stanoje Glavaš” (Stanoje Stamatović Glavaš 

(1763-1815) was hajduk and national hero “a duke” 
in First Serbian Uprising. He was the co-leader with 

Stanko Arambašić of hajduk company in Austrian-

held Syrmia, which frequently crossed the Ottoman 
borderline and attacked Ottoman forces and 

caravans in the Smederevo province in the 1790s 
(including Koča's frontier rebellion). In the First 

Serbian Uprising in 1804, he was one of the leaders, 
along with the official leader of the Uprising Đorđe 

Petrović-Karađorđe (Stevanović, 2005). “Days of 

Stanoje Glavaš” are held in the memory of the 
historic figure of Stanoje Glavaš. Since 2010, in 

August, these games are organized in his 
homeplace, the village of Glibovac (Smederevska 

Palanka). The sports competitions include rock-

throwing from the shoulder, fighting on a beam, 
throwing a horseshoe, jumping in height and 

distance, and overhanging the piston. Another 
important event nurturing the hajduk tradition may 

be seen in the organization of Ljubičevo Equestrian 
Games held as a traditional equestrian tournament 

annually in September within the Stable of Ljubičevo 

in Požarevac (fig. 3, 4). 
 

Fig. 2: Nevesinje's Olympics: 1891 poster of Horse Racing in Nevesinje; Nevesinje Olympics 
2017. (Retrieved from: www.princip.news/vijesti/republika-srpska/nevesinjska-

olimpijada-2017- and www.Trebinjelive.info) 
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Fig. 3: Fighting on a beam and overhanging the piston (“nadvlačenje klipka”), Glibovac village, 

2019. (Photos by D. Štrbac) 

 

 

Fig. 4: Aiming with mace and spear-shooting at Ljubičevo Equestrian Games 2019. (Retrieved 

from: https://ljki.rs/sta-su-ljki/) 

These games have a long tradition, since 1963, 

while the Stable of Ljubičevo was one of the oldest 
in Serbia (established in 1853 by the Prince Miloš 

Obrenović and named by his wife - Princess Ljubica). 
At the end of the 19th century, the establishment of 

an association of Danube riders circle “Knez Mihajlo” 
in Požarevac, organization of equestrian games were 

initiated. At first, such games were held multiple 

times during the year, especially during September. 
The first such competition was held in 1932, while 

Ljubičevo Equestrian games are held annually since 
1963. Besides classical horse races, Ljubičevo folk  

folk games werere organized including disciplines 

like saber-cutting, spear-shooting, courier-riding, 
cannon-shooting, arrow-shooting, etc. Ljubičevo 

Equestrian games and Alka of Sinj until the breakup 
of Yugoslavia were in close relationships, as the 

winners of the Alka  of Sinj participated in Ljubičevo 
Equestrian Games and vice versa. 

Traditional hajduk’s and uskok’s 
tournaments and games. Invented 

tradition, similarities and modifications  

Based on the literature review, different attitudes 
and opinions appear on links (or how pervasive) of 

today's traditional sports games with ancient games 

in the territory of the former Yugoslavia. Supporting 
the importance of these games, it is emphasized 

that they represent, in a certain way, a broad range 
of ethnographic values of local peoples. The 

connection between the hajduk`s and uskok`s 

sports games with today's traditional games is 
confirmed by many familiar aspects of the regional 

culture. The similarities of such traditional games 
throughout the former Yugoslav area can be 

observed in their structure and the variety of 

disciplines, duration, equipment and folklore of the 
participants. Folk songs and dances,  namely, 

playing and singing, were of particular importance 
for the quality assessment of shared traditions. 

Analyzing traditional sports games as part of 
intangible cultural heritage in different parts of ex 
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Yugoslavia, based on spiritual, traditional and 

cultural values: folklore, music, language-speech, 

customs, tradition, etc., indicate similarities and 
rather insignificant differences (Vujović, 2003). 

However, the broader elaboration of these games 
and their differences is based on a wide range of 

fundamental elements of culture: mental-fact, socio-

fact and artifact (Kale, 1983), indicating certain 
differences caused mainly by the economic 

development of wider societies. All traditional sports 
games, throughout history, starting from the 

appearance of the first hajduk movements until 
today, have been conditioned by the economic 

status of the local population. 

Sports and sports events are important factors in 
contemporary culture. Along with the profound 

importance that events and festivals play in society, 
their role in providing tourism experiences grows to 

extremes nowadays. Many countries have 

recognized the significance of the local events and 
traditions. Folklore festivities, rituals and 

celebrations, games and equestrian displays are 
being part of greater cultural events linked to local 

history or tradition. These are used in developing 
specific local or regional identities. Today, these 

games and exhibitions are mostly organized as 

sports competitions or displays at local cultural 

festivals, involving sports, ethnographic and artistic 

content, exhibitions, craftsmanship and local 

gastronomic offer. The traditional sports events, 
which retain national and even international 

importance and recognition like Alka of Sinj and 
Nevesinje Olympics, are characterized by a 

successful stakeholder management system. This 

suggest the highest and continuous national 
institutional support, but also local engagement, 

media and public support, with intense promotional 
activities of national and local tourist organizations. 

Such events are becoming renowned international 
tourist attractions and destinations, unlike some 

others (e.g. Days of Stanoje Glavaš) of 

predominantly local character (Table 1). The 
organizers of these events are primarily local sports 

or civic associations, either tourist organizations, 
supported by municipal and regional governmental 

bodies depending on their recognition status. 

Besides, these events are frequently financially 
supported by private companies and associations. 

Other, local and regional sports events, often lack 
institutional support, rarely surpassing local levels in 

organizational and audience aspects, being mostly 
financially and organizationally supported within a 

municipal level, or being self-organized (supported 

solely by organizers and participants) (Table 1). 

 

Table 1 Comparison of selected traditional sport events within former Yugoslav scope 

Event Type Context Content Recognition 

SinjAlka of
(Croatia) 

SportTraditional
Event 
large scale 

Event:Cultural
large- scale 

Historical: Memorialization of 
historical event, the Battle of 
Sinj, 1715 (Second Morean 
War between the Venetian 
Republic and the Ottoman 
Empire), organized since 
1798. 

Traditional Sport Contest: 
Equestrian Games, knight 
tournament 
Cultural Event: Croatian 
historical, cultural and 
ethnographic content 
 

National ICH register 
UNESCO ICH since 2010 
International tourist 
destination 

Nevesinje 
Olympics 
(Republika 
Srpska, BIH) 

Sport Event 
Large-scale 
 

Social and Historical: Social 
tradition and 
memorialization of the 
Herzegovina Uprising, 1875, 
organized since 1891. 
 

Sport Contest: Modern 
and Traditional, multiple 
disciplines. 
Additional cultural 
program based on the 
folklore of the Serbian 
population in Bosnia and 
Herzegovina 

National ICH register 
UNESCO ICH Tentative 
List since 2018 
International tourist 
destination 

Ljubičevo 
Equestrian 
Games 

Sport Event 
Meidium scale 

Social tradition, since 1932 
Ljubičevo Equestrian Games 
organized since 1963. 

Sport Contest: Modern 
and Traditional Equestrian 
Games 
Additional small-scale 
cultural program 
 

National Sports Event,  
Domestic tourist 
destination 

Days of Stanoje 
Glavaš 

SportTraditional
Event 
Small-scale 

Historical: Memorialization of 
national hero Stanoje 
Glavaš, one of the leaders of 
the First Serbian Uprising, 
1804, organized since 2010. 
 

Traditional Sport Contest: 
Multiple Disciplines 
Small-scale cultural 
programme 

Local Folk Sports and 
Cultural Event 
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“Uskok’s battle for Klis” (Senj)  is a historical 

spectacle in a form of an international event, 

containing various cultural, musical, entertaining, 
and scenic performances. It is organized by the 

Historical Unit “Klis uskoks”. It is conceptualized as 
medieval archery and swordsmanship tournament, 

with fire juggling, archaic folk songs, sounds of 

bagpipes, tambourines, drums and fiddle, oriental 
music with belly dancers' performances, medieval 

camps depicting warrior life in the Middle Ages 
located at the northern foothill of the Klis fortress. It 

represents a fight against the Ottoman Empire, that 
happened in 1532 between Klis’s defenders and 

Ottomans (http://www.kliskiuskoci.hr/). “Race for a 

ring” (Barban, Pula, Croatia) is a competition that 
was held in Barban in 1696 for the first time. After 

280 years this competition was revived in 1976 with 
the chivalric competition organized once again in 

Barban. The main event is organized in August 

marked with the gallop of horses and traditional folk 
costumes (https://trkanaprstenac.hr/). The games 

have similar historical context as the Alka of Sinj 
with knightly games. They represent a regional 

tourist offer with a rich cultural program. 
“Days of Hajduk Veljko” in Lenovac (Negotin, 

Serbia), “Hajduk Evenings” (Bogatić, Serbia), 

“Hajduk's Harambaša” (Osečina, Serbia), “Hajduk's 
depart” in Vreoci, (Srbac, BIH) and “Hajduk 

Evenings” (Kotor Varoš, BIH) represent traditional 
sports competitions and skill presentations, similar 

to “Days of Stanoje Glavaš”. These include a dozen 

disciplines of old sports (throwing a rock from a 
shoulder, distance jumping from a spot, pulling a 

rope, horse races, free wrestling styles, standing 
high jump, etc.). Representing a regional or local 

events they are slowly becoming part of tourist offer 

as well. On the other hand, “Hajduk trail race” 
(Tomislavgrad, BIH) is part of the so-called “running 

tourism”, a competition in running on mountain 
peaks. On the specific sections of the hiking route, 

some peaks are clear signifiers of the origin of the 
tradition: “Hajduk”, “Harmbaša” and “Jatak”, while 

the area is renown by hajduk Mijat Tomić (from the 

17th  century). 
A common characteristic of these and many 

other events taking place today in Serbia, Bosnia 
and Herzegovina, Montenegro and Croatia, is that 

they often represent a form of “invented tradition” 

(Kovačević, 2007). As Kovačević (2007, p. 110) note: 
“Invented tradition is deliberately created, 

constructed by a group that took the role of 
community representative labeled as “traditional” 

due to its repetition in time and permanent 
periodical occurrence. It is invented and 

continuously transformed (reinvented), extensively 

using and fabricating the elements of true folk 
traditions.” Even if specific games have left traces in 

public memory, today they appear in a modified 

manner, reflected in the organization of various 

competitions and tournaments. Most often, these 

traditions take a form of sports recreational and 
entertaining competitions, being incorporated in 

local tourist offer. The term „invented tradition“ is 
used in a broad sense, marking certain actions of a 

ritual or symbolic nature usually carried out 

according to rules that are openly or covertly 
accepted, seeking to instill certain inherited values 

and norms of behavior through repetition, and if 
possible establish continuity with the past 

(Hobsbawm, 2011). The term is used in 
ethnographic context, marking a collection of 

practices partly regulated by common practices, 

often linked with a suitable historic period, particular 
event or personality. Traditions that appear to be or 

are claimed to be the “old ones”, are often of recent 
origin and may sometimes be invented, seeking and 

establishing links with some historic events or 

common traditions. These traditions are perceived 
as responses to new situations, a contrast to a 

constant tendency towards change and innovation of 
the modern world and the attempt to structure at 

least some parts of common social life reflected in 
local traditions. 

Modification of such traditional events may be 

seen in the equipment of competitors (who avoid 
dressing in traditional folk costumes and tend to use 

standard modern equipment), terrain and locations 
where the events are held (often relocated to more 

convenient spaces like a stadion, squares and parks, 

hippodromes). This will inevitably lead to 
commodification of the event. In some cases, the 

equestrian practice was even extended to sparingly 
include children or women riders (for example 

Ljubičevo Equestrian Games), which was not the 

part of the original tradition. Examining the 
emergence of these games as a performance of 

intangible heritage, its conceptualization and 
development seems closely linked to the cultural 

tourism industry and contemporary commoditization 
of history and heritage for tourist purposes. These 

events are taking a form of a tourist rather than 

social events, each year attracting more tourists and 
participants. Usually organized or supported by local 

governments to attract more visitors and provide 
greater economic effects, the original program is 

often overloaded with various entertainment 

programs for the mass-public (eg. popular music 
concerts) mostly not in line with the main theme of 

the event. It is important to note that even though 
these games in time gained the specific label of 

being „tourist events“, such events mostly have only 
a local or regional importance. The visitors of these 

events outline socialization and entertainment as the 

main factor of visitation, with few being regarded as 
a sort of social tradition. Despite this, such events 
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are still being important heritage assets in the eyes 

of local communities. 

Conclusions 

According to the presented results, there is a 
deep connection between today's traditional sports 

games and hajduk games, practiced by peoples of 
the former Yugoslav territory (Serbia, Croatia, 

Bosnia and Herzegovina, and Montenegro). The 

sports games of hajduk’s and uskok’s heritage are 
frequently based on (or through) spiritual traditional 

values of culture: folklore, music, language-speech, 
folk games, customs, traditions, etc. Material and 

spiritual values, created through evolution, are 
often, due to their historical and artistic significance, 

uniqueness, and exoticism, very attractive. In this 

respect, the following groups of values can be 
emphasized: ethnographic, archaeological, historical, 

artistic, urban, and technical. From the domain of 
material traditional culture, folk costumes, crafts and 

handicrafts, national nutrition, etc. were 

emphasized. The spiritual values of culture include 
the following: folklore, music, language, speech, folk 

games, customs, tradition, etc. 
An analysis of the appearance, way of life, work 

and warfare of hajduks and uskoks, throughout 
history in these territories, leads to the conclusion 

that they had much in common. On the other hand, 

observed differences are very small or insignificant. 
For example, all hajduk movements in this area are 

characterized by serious physical strength and 
fitness, and strongly emphasized national dimension 

and patriotism. They also bare a specific psycho-

social dimension (sociability and assistance to the 
weaker), and in particular courage and belligerence. 

It is important to outline that all of their dominant 
features, except for warfare, have come to the fore 

during sports or hajduk competitions. These sports 

competitions, by unwritten rule, always took place 
during major church holidays. They were held in 

open public spaces, often in a monastery or church 
courtyards, as a sporting and cultural part of the 

wider national assembly. Analysis and comparisons 
of the lives of the hajduk and the uskoks are 

contained in literature within the Balkans. Those 

descriptions are intertwined with the motives of 
sports competitions, heroic battles, gatherings and 

chats, finding jacks, marriages, ambushing the 
enemy and capturing loot, invading enemy 

territories for revenge and property overtaking. 

A general characteristic of these and many other 
similar contemporary events in this region is that 

they mostly represent a form of invented tradition. 
Even if specific games have left traces in public 

memory, today they appear in a modified manner to 
a certain extent. This is reflected in the organization 

of various competitions and tournaments. Most 

often, these traditions take the form of sports 

recreational and/or entertaining competitions, being 

incorporated into local tourist offers. Traditions that 
appear to be or are claimed to be the “old ones”, are 

often of recent origin and may sometimes be 
invented, seeking and establishing links with some 

historic events or common traditions. These 

traditions are often perceived as responses to new 
situations, a contrast to a constant tendency 

towards change and innovation of the modern world 
and the attempt to structure at least some parts of 

ordinary social life reflected in local traditions. 
Traditional sports and games on the territory of 

the former Republic of Yugoslavia represent a corpus 

of knowledge and skills transferred from generation 
to generation. They are based on folk sports games 

with a pronounced competitive component, widely 
represented in the past. These involved a spectrum 

of various competitions that have been, in time, 

mostly abandoned and forgotten. Today, modified 
games are held to a certain extent, and are most 

often promoted through the organization of various 
events, which have a competitive part (through 

entertainment, sports, and tourism) aiming to 
preserve traditional sports and games from oblivion. 

During the field research, it was observed that most 

traditional sports and games have practically 
completely disappeared from practice, except for 

certain disciplines of folk all-around. It was noticed 
that certain traditional sports moved towards the 

organization of modern contemporary sports (league 

semiequipment,moderncompetitions, -
professionalism, use of modern props). 

Under the sports,popularofglobalization
traditional sports and games became mostly 

forgotten, unknown, or simply not so popular in 

contemporary societies. This particularly relates to 
new generations’ stands, often insufficiently 

acquainted to and underappreciating ancient 
traditions in general. Traditional sports and games 

are often restricted to the interests of small local 
communities and groups of enthusiasts in peripheral 

and rural areas, where possibilities for practicing 

modern sports are limited. In some limited form, 
traditional sports and games have been included in 

the educational process among school and preschool 
children. However, this is not the case in later 

phases of the educative process among youth. Such 

content can be included in the educational programs 
and organized in cooperation with the professors of 

physical culture in elementary schools and high 
schools. Therefore, the organization of traditional 

sports and games in a form of a public event 
contains a certain educational context. As such, it is 

directed to the revitalization of old folk traditions 

and affirmation of local identity and pride of small 
communities and groups. More recently there are 

numerous initiatives for the inclusion of traditional 
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sports as a cultural aspect of various local 

communities. It is enthusiastically supported by the 

UNESCO ICH program and joyfully greeted among 
locals and tourists. These are followed by increased 

interest of the academic community, and 
institutional support for promoting traditional folk 

sports and games as part of national intangible 

heritage. However, there is a need for the 
organization of workshops, lectures, public debates, 

conferences, and even the establishment of sports 
sections and associations. Such activities should be 

directed towards nurturing old folk sports within 
local communities, preserving, promoting, properly 

presenting, and continuously supporting such events 

and heritages. 

Author contribution 

Željko Bjeljac made a greatest contribution in the 

article by defining structure of research, giving the 
historical outlook on hajduk’s history, and an outlook 

on traditional sport events in Serbia and other ex 

Yugoslav states. Aleksandra Terzić provided an 
insight into aspect of intangible cultural heritage and 

representation of hajduk’s heritage in toponomastics 
and vernicular heritage of Balkan people, presenting 

it as shared heritage and disscussing the aspect of 
invented heritage with special reflection to the 

traditional sport events. Jovana Brankov provided 

typology of traditional sports and related aspects of 
UNESCO recognition of traditional sports as part of 

intangible heritage. Slavoljub Vujović provided 
detailed outlook on Nevesinje Olimpics and Alka of 

Sinj. 
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Abstract 

Tourism is a major global sector relevant for many economies, 
however it is also recognized that tourism brings various negative 
social, cultural, economic and environmental impacts. This is 
particularly the case of conventional/mass tourism. Different 
forms of so called - alternative tourism - are supposed to offset 
these negative impacts and to promote a more sustainable 
development. Treehouse tourism (TT) fits within these new 
sustainable and experiential trend. We must also recognize a 
grooving need to provide unique, specific travel and 
accommodation experiences by the tour operators and hoteliers, 
in order to be competitive with others. This, in turn, leads to an 
overuse of the term sustainable, in the situations which are not 
sustainable at all. Still, though the TT is widely recognized by 
world tour operators, the academic literature and associable 
debate on this topic is almost non-existent.  
The present article focuses on specifics, gaps and challenges of 
TT from biological, social and environmental perspective. At the 
end, most remarkable recommendations are provided – including 
the general TT model. Because of lack of previous literature, 
debate and the comparable statistics, the paper should be 
considered more as a start of debate, than a comprehensive 
analysis. 

Keywords:  treehouse, treehouse tourism, ecotourism, 
alternative tourism, community-based tourism 

Rezumat. Turismul în căsuțele din copaci:  
probleme și perspective viitoare 

Turismul este un sector global major relevant pentru multe 
economii, cu toate acestea, se recunoaște, de asemenea, că 
turismul are diverse efecte negative sociale, culturale, economice 
și de mediu. Acesta este în special cazul turismului 
convențional/de masă. Diferite forme ale așa-numitului turism 
alternativ ar trebui să compenseze aceste impacturi negative și să 
promoveze o dezvoltare mai durabilă. Turismul în căsuțe din  
copaci (TT) se încadrează în aceste noi tendințe durabile și 
experiențiale. De asemenea, trebuie să recunoaștem nevoia 
crescândă de a oferi experiențe unice, specifice de călătorie și 
cazare de către operatorii de turism și hotelieri, pentru a fi 
competitivi cu ceilalți. Acest lucru, la rândul său, duce la o 
suprautilizare a termenului de durabil în situațiile care nu sunt 
deloc sustenabile. Cu toate acestea, deși TT este recunoscut pe 
scară largă de către operatorii de turism mondiali, literatura de 
specialitate și dezbaterile asociate pe acest subiect sunt aproape 
inexistente. 
Prezentul articol se concentrează pe specificul, lacunele și 
provocările TT din perspectivă biologică, socială și de mediu. La 
final, sunt oferite cele mai bune recomandări – inclusiv modelul 
general al TT. Din cauza lipsei literaturii de specialitate pe acest 
subiect, a dezbaterilor și a statisticilor comparabile, lucrarea ar 
trebui considerată mai mult un început de dezbatere, decât o 
analiză cuprinzătoare. 

Cuvinte-cheie: căsuță în copac, turism în căsuțe din copaci, 
ecoturism, turism alternativ, turism comunitar 

“Tourist studies saw neither the forest nor the trees”  
(Cohen & Fennell, 2019, p. 600)

Introduction 

Tourism is known to be a major global sector. The 
accommodation tourism ‘subsector’ is also much 

relevant. Worldwide on-going tourism rapid 
development has impacted on the growth of the 

“number of starred hotels and other accommodations 

as the main support in tourism activities” (Sari et al., 
2019, p. 852). Tourism is “an indispensable industry 

for both economic and social development” and while 
it can have positive impacts (i.e. employment), it can 

also have its negative effects on the environment 

(Kişi, 2019, p. 1). Negative effects from tourism are 
of big concern and need to be addressed quickly 

(Zolfani et al., 2015). When not properly planned or 
managed tourism may permanently damage “the 

physical, social, cultural, and economic environment 
of a tourist destination” (Kişi, 2019, p.1). Tourism can 

negatively impact the natural environment through 

the damage of wildlife, pollution and the generation 
of waste, thus having an undesirable impact on the 

local population and compromising destination 
competitiveness (del Rosario, & René, 2017, p. 72; 

Dlużewska, 2019). 

Mass tourism environmental and socio-cultural 
negative impacts on localities make to realize “that to 

minimize costs in destination areas, future tourism 
developments should be sustainable” (Ioannides, 

1995, p. 583). However, although the concept that 
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“mass tourism is 'a bad thing' is perhaps rather 

simplistic; it has been suggested that controlling the 

volume of tourism might control the situation” 
especially because many tourism destinations are 

located in fragile and peripheral environment (Kilipiris 
& Zardava, 2012, p. 45). As a matter of fact, it is 

obvious what is mentioned in a UNEP & UNWTO 

(2005, p. 2) document on sustainable tourism, that 
all forms of tourism should be sustainable. The 

concept of carrying capacity also become important, 
given that it “is one of the key principles of 

sustainable tourism” (Sabokkhiz et al., 2016, p. 105). 
New solutions to make tourism more sustainable 

need to be investigated and, at the same time, better 

management of current known tourism development 
strategies, such as carrying capacity, should be 

implemented. Tourism in whatever form should be 
comprehensively sustainably managed, thus 

considering its impacts on social, economic, 

environmental, and cultural contexts.  
The investigation of alternative tourism 

development models and practices and their 
relationship with “the environment, host societies, 

responds to the need of building other tourism 
models, more sustainable and more ethical” (Theng, 

Qiong & Tatar, 2015). Dissimilar from “conventional 

mass tourism, the alternative of sustainable tourism 
is supposedly environmentally and culturally friendly 

since it relies on small, locally owned and managed 
facilities and activities” (Ioannides, 1995, p. 583). 

Augmented attention in alternative tourism forms “is 

perceived as a response to the emphasis placed on 
exploitation associated with mass tourism, especially 

in developing countries” (Kilipiris & Zardava, 2012, p. 
45). In this context it must be inscribed that the 

search for a different types of holiday experiences is 

not a new occurrence (Kilipiris & Zardava, 2012, p.5). 
The literature (Zolfani et al., 2015, p. 1) noted that 

for “the majority of scientists ‘sustainable tourism 
development concerns an economic, social and 

environmental tourism development that aims at the 
continuous improvement of tourists.”  

The tourist taste trends must be considered and 

linked so that social-cultural, economic and political 
changes that happen globally to influence tourism. 

Tourism changes can, for example, be seen from the 
desire of tourists “to forego the lacklustre destinations 

of the past in favour of exploring new places where 

few tourists go and where new and unusual 
experiences can be sought” (Timothy & Teye 2009, p. 

239). People want “to stay in innovative and novel 
forms of accommodations that can offer something 

beyond the ordinariness of resorts, hotels, motels, 
hostels, or inns” (Timothy & Teye 2009, p. 239). 

Numerous significant “nature destinations have 

begun to develop ‘tree house hotels’ and lodges” 
(Timothy & Teye 2009, p. 243). However, “tourists’ 

desire for secluded and scenic accommodation may 

result in increased clearance of natural areas” (Kasim, 

2006, p. 3). Within the lodging sector, voluntary 

actions can also become fundamental (as much as 
voluntary actions are probably not enough and more 

stringent binding rules should be present). 
Recognizing tourism negative impacts and “lax or 

non-existent environmental regulation, any 

environmental actions that a hotel implements are 
voluntary and implemented in order to obtain 

different benefits for the organization, stakeholders, 
and the environment” (del Rosario, & René, 2017, p. 

72). It is fundamental “for hotels to adopt 
sustainability innovations not only to increase 

competitive advantage but to reduce society’s overall 

environmental impact” (Horng et al., 2017, p. 50). 
The adoption of “sustainability innovations can act as 

a transformational innovation that can dramatically 
reshape the way hotels and companies provide 

products and services and contribute to society’s 

progress toward integrating sustainable lifestyles” 
(Horng et al., 2017, p. 50).  

In this context, the issues of maintenance, 
enjoyment of landscape, sustainability and visitor 

wellbeing/enjoyment are all proposed to be present 
in treehouses. “Treehouses permit creating a unique 

and valuable space for tourism in nature parks and 

other protected areas. They are easy to supplement 
and use both seasonally and throughout the year, 

highlighting local natural landscapes with minimal 
environmen¬tal impact” (Babris & Bratuškins, 2019, 

p. 112). Beyond it has been also proposed that, p.   

A treehouse makes for the ultimate safari lodge - 
there’s nothing quite like a giant fig tree spiralling 
through your suite to make you feel totally immersed 
in the wonder and romance of Africa. And the best 
part, p.  many of these camps are semi-permanent, 
meaning that everything can be totally removed to 
leave the landscape exactly as it was before 
(go2africa, no date). 

 “Tree house hotels respond to the human urban 

dweller’s need to reconnect with nature and allow its 
restorative power to reinvigorate our bodies and 

refresh our minds” (Sloan, Legrand & Kinski, 2016, p. 

54). For the tourists/visitors, the treehouse is not just 
an accommodation but it is also an attraction. The 

attraction is the treehouse itself and its surrounding 
environment - including canopy of other surrounding 

trees, blue spaces (water bodies), green spaces 

(forests, parks and so on) and the specific type of 
ground/soil and flora/fauna in treehouse surrounding 

terrain. Backed up by a mix of people childhood 
memories and new tourism demand trends towards 

more experiential, exclusive and unconventional 
locations (and accommodations), and not last, 

awareness about negative social-economic and 

environmental impacts of tourism treehouse lodging 
is becoming popular. 
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At the same time, beyond the usual 

accommodations context, it should be recognized that 

TT can have an impact on the local natural 
environment and local communities. Treehouses, being 

usually elevated – at possible various highs – from the 
terrain, can also have impact on aerial landscape and 

nature, for example occupying spaces previously used 

by some animals. All these matters should be kept in 
mind. In addition, even if could be a rare occurrence, 

while a treehouse itself can support a favourable 
landscape scenery for its occupant it could, at the same 

time, obstruct the view to others. Following these 
issues, in specific setting treehouse density could be 

seen as a major limitative factor.  

This paper aims to enhance a research strand 
dedicated to analysis of ‘new’ subtypes of tourism 

accommodation – the treehouse hotels. Together with 
underground hotels or ice hotels, the treehouse 

hotels are well recognized by world leading travel 

agencies, e.g. Online Travel Agencies (OTAs) such as 
Hotels.com. The OTA Hotels.com already in 2017 

wrote about the increase in demand of treehouses 
accommodation by stating, p.  

Travelers can now live the luxury treetop dream 
with a little help from the Hotels.com® Loved by 
Guests awards and the millions of genuine guest 
reviews they’re based on. Ten amazing hotels have 
been crowned winners in the brand new Best for 
Treehouse category, and they’ll be climbing straight 
to the top of your wish list. Today’s travellers are 
aiming high and dreaming of a vacation in the sky, as 
the travel experts at Hotels.com saw almost a 30% 
increase in demand for treehouse hotels last year. 
With treetop luxury (33%) proving more popular than 
sleeping in a spaceship (28%), checking into a hotel 
made of gold (24%) or bedding down in an ice hotel 
(23%), Hotels.com reveals the best-of-the-best Loved 
by Guests award winners. 

Still, the academic literature and comparable data 
on this topic are essentially but no existent. This was 

also the case of underground hotels or ice hotels, that 
nowadays have been already presented in a small 

number of articles (for example, p.  Avilova, Kazakova 

& Gozalova, 2014; Gelter, 2010). The scarcity on 
specific TT literature should not be confused with its 

possible unimportance. Treehouse tourism is likely to 
specifically utilize very sensitive and fragile 

landscapes and environments; thus more studies are 

certainly welcome. A growing popularity of treehouse 
hotels in travel agencies, encourage to undertake the 

discussion, despite the difficulty to write about 
something completely new and the absence of 

comparable data / previous debate. While in its 
infancy, and with extremely few academic sources 

that can be found, this paper can offer the 

opportunity to investigate a feature – the treehouse 
– that could contribute to future specific landscape 

changes. Thus, amongst others, architecture, design, 

size, geographical location and position of one or 

foreseeably more treehouses will contribute to, and 

become part of, new landscapes where treehouses 
can have various degree of significance.   

Keeping the above in consideration this paper will 
investigate issues related to TT in order to propose a 

possible way forwards on TT development aiming to 

contribute to the literature on alternative tourism 
development and more specifically also on new types of 

tourism. The paper is based on academic literature on 
alternative tourism, community-based tourism, 

sustainable tourism, wellbeing and other. Regarding the 
treehouse section, it was based on different 

organizations/institutions documents, internet and 

professional treehouses builders’ documents (and 
websites).  

In this context, issues as sustainable tourism and 
carrying capacity will be utilized. However, as much 

as the importance of debate of these topics is 

recognised, this article will not much enter in these 
topics debate per se, but it will connect these various 

issues to present a model of TT. Within its specificity 
on treehouses, the present paper will consider issues 

relative to ‘tree well-being’, mentioning construction 
and botanical matters related to treehouse buildings, 

and its specific location usually being within a forest 

or a green landscape. 
The paper is composed of five sections. First we 

started with the basic notes on building treehouse 
from a biological perspective. Due to the very special 

requirements about the use of trees for 

accommodation purposes (including the risk related 
to improper construction) this section is necessary to 

start the debate about further challenges and 
impacts. The second section is dedicated to the 

analysis of sustainability in different forms of 

alternative (New) tourism. We focus here on most 
important clichés (e.g. ecotourism and it’s – always – 

positive impact). In the third section we try to frame 
TT into new tourism discussion. The section includes 

existing data on TT and Treehouse hotels (such as 
available in different websites). 

Section four is dedicated to the way forward for 

treehouse tourism (including existing gaps and 
challenges). We propose here a TT model, and our key 

recommendation to develop TT in a sustainable way. 

Basic notes on building treehouses     

The construction of treehouse can be categorized 

into three main groups, p.  solutions created by 

amateurs and enthusiasts; constructions developed 
by companies specializing in the construction of 

standardised treehouses; and treehouses developed 
by individual architecture office projects (Babris & 

Bratuškins, 2019, p. 108). Specific requirements and 
considerations should be taken into account to build 

treehouses. First of all, when building a treehouse, 
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the selection of the tree is a fundamental step. Nelson 

(2014) indicates that a treehouse can be built on a 

single tree or on multiple trees and it is the tree that 
will determine what treehouse can be built. Selection 

of the tree is fundamental given that “the crushing 
strength of the wood is the limiting factor, a hardwood 

tree like an oak, hickory, walnut, or cherry will support 

more than a pine, spruce, yellow poplar, cedar, or 
redwood” (Tree Top Builders, no date, online). 

However, this doesn’t mean that it is not possible to 
build a treehouse in a tulip poplar or white pine, p.  it 

just means that treehouses should be built 
accordingly, for example be lighter (Tree Top Builders, 

no date, online). Regardless of what type of 

treehouse is going to be built, it is imperative to start 
with strong and healthy trees (Nelson, 2014). Nelson 

(2014) indicates a list of ideal and less ideal tree 
where to build a treehouse. Thus, ideal trees include 

all maples, almost all oaks, apple, ash, beech, cedar, 

chestnut, cypress, douglas fir, elm, larch, London 
plane, monkeypod, redwood, sycamore and spruce 

(Nelson, 2014). Whereas acceptable trees where to 
build a treehouse include avocado, catalpa, 

basswood, cherry, eucaluyptus, walnut, magnolia and 
mulberry (Nelson, 2014). The treehouse guide (a, no 

date) also indicates oak, beech, maple, fir and 

hemlock as excellent tree where to build treehouses. 
On the other side bad trees where to build a 

treehouse include cottonwood, box elder, juniper, 
aspen and alder (Nelson, 2014). 

Factors to consider when building a treehouse 

include the high of treehouses from the ground, the 
weight of the treehouse, the dimension of the tree 

and branch thickness, the growing and the movement 
of the tree (see Nelson, 2014; The treehouse guide, 

a, no date). It is especially important “to accurately 

determine the diameter of the trees at a different 
height, their exact position, angle and rotation in 

relation to other trees” (Babris & Bratuškins, 2019, p. 
107). For example, in relation to the size of the tree 

it has been mentioned that usually bigger tree is 
better (Nelson, 2014), and that for a typical “sized 

treehouse of 8'x8' a trunk diameter of 12" or more is 

recommended if using a single tree” (The treehouse 
guide, b, no date). However, trees can “adapt to 

applied mechanical forces by building more wood in 
areas of higher stresses. This means the foundation 

of a tree house that uses living trees for support can 

get stronger over time” (Rainer, 2019, p. 50). The 
possible specific technological improvement related to 

treehouse construction must also be recognized, thus 
latest “advances in hardware and techniques have 

made building tree houses more practical. These 
advances have allowed for heavier, safer, longer life 

structures while allowing room for future tree growth” 

(Rainer, 2019, p. 50).  
All this fundamental issues related to the tree make 

clear that it is crucial to have botanical knowledge of 

the tree where to build, this to understand at best all 

the possible variable and dynamics that can be 

encountered when building a treehouse so to prevent 
the treehouses to deteriorate or collapse and to 

prevent the tree to suffer or possibly die. The attention 
to the ‘healthiness’ of the treehouse should not be of 

greater attention to the ‘healthiness’ of the tree. 

Knowledge of the tree will also guide how to build the 
treehouse based on, for example, the rate of growth 

of trunks or, in relation to tourism, the type of soil that 
the tree requires (this is important because to have a 

treehouse for tourist will imply that a number of people 
will walk in close proximity of the tree therefore 

affecting the soil – and the human impact on each type 

of soil can be different). 
It is assumed that ‘bad trees’ for treehouses 

should be avoided to build on. Thus, for example, 
amongst the above proposed good tree where to 

build a treehouse, “Red maples are fast-growing and 

can reach 40 feet to 90 feet tall and 150 years of age. 
Trunks grow up to 30 inches in diameter. The crown 

is rounded when mature and spans 25 feet to 40 feet 
in width” (Sciencing, no date). Some of the larger 

maple species have hard and valuable timber, 
particularly Sugar maple in North America (often 

known as "hard maple") and Sycamore maple in 

Europe (Sciencing, no date). Beeches that are related 
to the oaks and chestnut trees are wood that is used 

in any kind of hydraulic or maritime work, for being 
as resistant as the Oak Wood (Ecured, no date). Other 

trees, the Beech trees, are tall, wide-spreading, slow-

growing but can live to 400 years or more (Britannica, 
no date). Other example includes most maples which 

are fast trees growing to a height of 10–45 m (33–
148 ft.), others are small trees, rarely shrubs, 

deciduous or, more rarely, perennial and also some 

species has a certain semi-perennial character 
(Árboles Ibéricos, no date). Firs are perennials, long 

live trees with straight trunk and conical crown that 
can reach 40-80 m high. Their wood is light, resistant 

and highly flexible being able to withstand strong 
winds without breaking (Revistacienciasunam, no 

date). It is therefore understandable that a treehouse 

need to be built in accordance with the specific 
characteristics of each tree as various carefully 

considerations are important to avoid problem.  
Examples of treehouse tourism (meaning the 

presence of treehouse for tourism purposes) can be 

seen in Africa such in Congo, Tanzania and South 
Africa (Go2africa, no date), Costa Rica (Madry, 2021), 

Italy (Morello, 2018), Canada (Simpson, 2021), Japan 
(Wortley, 2021), United States (Roadtrippers, no 

date), Malaysia (Foo, 2019), and United Kingdom 
(Wanderlust, 2020) amongst other places. These 

examples clearly show the presence of treehouse 

tourism around the world. A variety of tree has been 
used to build treehouse. The African Baobab can be 

protagonist as indicated by a Tanzanian example.  
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The Baobab Bar and main lodge area at Tarangire 
Treetops are built around an ancient old baobab tree 
or ‘Tree of Life’ as it is sometimes known in Africa. 
Tarangire Treetops is located in a private wildlife 
concession in Tarangire National Park. Your lofty 
position from the treetop suites – which are built on 
wooden platforms among the highest branches of the 
surrounding baobab, mopani and wild fig trees – give 
you glimpses of Lake Manyara and the Rift Valley wall 
(Go2africa, no date). 

A bed & breakfast treehouse in United States “has 

an observatory that is 100 feet above ground and 
sitting in a fir tree” (Roadtrippers, no date), in 

Malaysia a treehouse for tourists is a double-storey 

treehouse built from recycled materials (wood and 
bamboo) and it “is fitted around an old durian tree” 

(Foo, 2019) while in United Kingdom a fairy-tale 
treehouse has been built “in a cluster of sycamore 

trees” (Wanderlust, 2020). These examples show that 

treehouse tourism is present and scattered around 
the world. There seems not to be a specific country 

or region of the world devoted to it. It is however 
obvious that an increase of treehouse tourism can be 

noted in forest areas as treehouse imply the need of 
trees.  Furthermore, accommodation within the safari 

lodge tourism, adventure tourism and ecotourism 

seems major protagonists in treehouse tourism 
Special care should be observed “with trees with 

fragile wood, like willow and aspen where pests and 
softwood failures are also more likely to be found. 

Construction is not recommended in birch and other 

tree species with dense wood, yet poor resistance to 
trunk damage” (Babris & Bratuškins, 2019, p. 107). 

Thus, when selecting a tree “particular attention 
should be paid to the analysis of the trees used. When 

selecting the trees for construction, the tree species 

and possible health and mechanical damage are 
important. Attention is also to be paid to the shape of 

the tree crown and the distribution and transmis¬sion 
of the load on the tree roots” (Babris & Bratuškins, 

2019, p. 107). In addition, care “should be paid to 
trees placed adjacent to water bodies. Presence of 

several fallen trees in the vicinity of a body of water 

is a sign that similar risk of falling exists for other 
nearby trees” (Babris & Bratuškins, 2019, p. 107). It 

is important to recognize that it is unmanageable to 
think “to cause no damage at all, but trees have 

evolved several techniques to tolerate damage and 

remain healthy” (The treehouse guide, c, no date), 
however attention to the treehouse construction in 

relation to the tree(s) should be paramount. A poorly 
designed treehouse can damage the tree (The 

treehouse guide, c, no date). Trees are living 
organism, therefore the following points should be 

always considered (from The treehouse guide, c, no 

date), p.  
• They can be infected by bacteria and viruses, 

causing loss of branches or death to the whole tree; 

• They slowly grow larger over time, increasing 

the diameter of their trunk every year; 

• They use a process called 
compartmentalization to isolate damaged or infected 

areas; 
• They will compensate for a changed weight 

distribution   

A treehouse is going to introduce numerous 
environmental changes that will have impact on the 

trees, the most important is foot traffic that can 
compact the soil thus should be confined to specific 

paths (Tree Top Builders, no date, online). In addition, 
it is fundamental “to remember that tree roots often 

extend 2-3 times farther from the trunk than their 

branches do, so think carefully about any digging, 
tree removals, or other environmental changes that 

are close to your treehouse tree” (Tree Top Builders, 
no date, online).  

It must also be recalled that a treehouse is not 

only (or not much) about ground landscape but it also 
includes aerial landscape meaning that a treehouses 

occupy space ‘on the air’ thus specific attention to the 
aerial environment (such as wind, possible 

consequences on other close by trees, consequences 
on animal using the tree, consequences on view 

pollution to third parties, and so on) where the 

treehouse is located also need consideration. 
Attentions on various issues are important. In relation 

to the high of treehouses from the ground this will 
affect the aerial, ground, blue and green spaces 

within which the tree is located and its surrounding. 

For example, trees where treehouses can be build 
could also be used in various ways by animals, such 

as squirrels, thus based on the house specific position 
attention need to be given to not damaging both the 

flora and fauna lives and habitat in the treehouse 

surroundings.   
Because of these problems and factors to take into 

account, it is important that treehouses are built by 
experts. Thus, a professional arborist (or other 

professionally qualified tree expert) evaluation is 
recommended (Tree Top Builders, no date, online). 

Otherwise said, p.  “Once you think you know which 

tree you want to use for your treehouse, consider 
getting an arborist to verify the health of the tress” 

(Nelson, 2014). 

 ‘New’ tourism and sustainability          

The argument about negative impacts of tourism 

(essentially conventional/mass tourism) in general 

and specifically to developing countries is one of the 
strand from which “much new tourism takes its cue, 

in an attempt to redress the impacts of tourism and 
establish forms of (new) tourism that are 

environmentally, economically and culturally 
sustainable” (Mowforth & Munt, 2003, p. 11). The 

tourism sector “needs a new direction in order to 
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address the flaws of its conventional (mass) form” 

(Kasim, 2006, p. 6). Thus, new types of tourism 

supposedly offer “a change from the environmentally 
and culturally degrading mass tourism to a more 

‘gentle’ tourism that supports the whole notion of 
sustainability” (Kasim, 2006, p. 10). Against the 

negative issues related to conventional/mass tourism, 

alternative tourism and new tourists represent, 
indubitably, current tourism trends and have their 

own characteristics. New tourism has been proposed 
to be based on various issues such as experience 

something new, want to be in charge, see and enjoy 
but not destroy, just for the fun of it, being 

understanding, like sport and nature, and being 

adventurous (Poon, in Mowforth & Munt, 2003, p. 
54). The alternative tourism approach “is a consumer 

choice that is outside regular tourism channels” 
(Santana-Talavera & Fernadez-Betancort, 2015, p. 1). 

Looking at developing countries, new tourists are 

connected to the “desire to experience ‘indigenous 
cultures’—the Third World otherness—that is a major 

driving force of their travels and results in the search 
for ‘off-the-beaten-track’ or ‘less visited areas’” 

(Mowforth & Munt, 2003, p. 67). There is no doubt 
that the tourism industry has adjusted to the new 

trends. New/alternative tourism has produced 

changes in the tourism sector. It can be observed that 
under the motivational and market coverage of 

“alternative”, innovation and entrepreneurship have 
been emphasized in mature destinations promoting 

the creation of multiple micro-products, encouraging 

new forms of tourism businesses and opening up new 
territories (Santana-Talavera & Fernadez-Betancort, 

2015, p. 3).                      
However, debate and criticism about new tourism 

is, since time, very much present (see for example 

Mowforth & Munt, 2003). It is also fundamental to 
underline that the distinction between mass and 

alternative tourism “is in fact inaccurate because the 
new form of tourism is essentially an excuse for a 

continuing colonization and control of a destination 
and all its resources. In other words, these new forms 

of tourism have been used merely to legitimize and 

prolong the mainstream industry” (Kasim, 2006, p. 
10). Thus, “many of the areas identified by such 

[alternative] tourists (Mediterranean coast, the 
Caribbean, Southeast Asia, Macaronesia) have now 

been developed by the tourism industry, and some of 

these tourists have settled and become business 
owners” (Santana-Talavera & Fernadez-Betancort, 

2015, p. 3). Advocates “of alternative tourism argue 
for a move towards social and environmental 

responsibility in tourism practices, if these tourism 
ventures are managed within neoliberal paradigms 

that promote endless growth, tourism’s sustainability 

will inevitably be undermined” (Chassagne & 
Everingham, 2019, p. 1909). The recognition that 

neoliberal system has led to social inequalities, imply 

“that these same mechanisms should not be relied on 

to try to solve inequalities” (Scheyvens & Hughes, 

2019, p. 1065). The departure “from top-down 
sustainable tourism approaches requires bottom-up 

community-based tourism initiatives that can ensure 
that tourism ventures are not only environmentally 

sensitive, but that the local communities are actually 

benefiting economically and socially” (Chassagne & 
Everingham, 2019, p. 1912).  

Global competition and global issues such as 
financial crisis and terrorism also remain fundamental 

and, within them “circumstances, innovation and 
creativity have been very important in the services 

sector, and particularly in the tourism sector” 

(Timothy & Teye 2009, p. 246). Agreed that tourism 
markets are extremely ‘fragile and risky’ tourism 

businesses must “be innovative and to diversify their 
goods and services. Thus, innovation and 

diversification in tourism are pivotal for promoting a 

competitive advantage” (Weidenfeld, 2018, p. 2). 
Hjalager (2010) acknowledges that in the course of 

history, tourism has been characterized by “immense 
innovativeness” and as Timothy & Teye (2009) note 

“innovation pervades all sectors of tourism and is a 
key driver.” Current socio-demographic tendencies, 

such changing lifestyle, ageing population and 

climate changes “have forced tourism to adapt to new 
market demands. Market and product diversification 

strategies encourage growth through the 
development of new and authentic products” 

(Weidenfeld, 2018, p. 7). In this context the 

“commodification and marketing of natural resources 
is a necessary intermediate function that transforms 

the resource into a product” (Hjalager, 1997, p. 36).  
Innovation is also a component of a diversification 

strategy (Nair, Veeresh & Eagar, 2011, p. 49). 

Diversification signify “novelty, versatility and multi-
dimensionality. Thus, […] diversification is an 

important part of sustainable tourism” (Ergüven, 
2015, p. 226). The diversification of products “can 

also encourage ‘alternative’ products that potentially 
are more socially and environmentally sustainable for 

destinations” because business is locally owned or 

products are small scale (Benur & Bramwell, 2015, p. 
2014). The “product diversification elevates the 

profile of lesser known destinations and improves the 
standard of living for local people […] because rural 

properties are now redeveloped into tourism 

accommodation and therefore this encourages 
community based tourism to grow” (Nare, 

Musikavanhu & Chiutsi, 2017, p. 2). 
The Sustainable tourism context possess three 

elements, p.  social justice, economic development, 
and environmental integrity and “is committed to the 

enhancement of local prosperity by maximizing the 

contribution of tourism to the destination ‘s economic 
prosperity, including the amount of visitor spending 

that is retained locally” (ILO, 2010, p. 48). In “order 
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to achieve sustainable tourism, its social dimension 

including employment must be considered” (ILO, 

2010, p. 49). Sustainable tourism can be linked to 
carrying capacity. Within a sustainable tourism 

development context, carrying capacity should be 
comprehensive in nature going beyond visitor 

numbers, therefore defining what is the carrying 

capacity of tourism destinations may be indispensable 
long term sustainable development (Marsiglio, 2017, 

p. 633). Thus, “while carrying capacity sets a 
maximum number of tourists for a sustainable 

tourism activity, this number may not be the optimal 
level as visitors bring costs as well as benefits; the 

optimal level of visitors should be related to securing 

optimal environmental, social and economic gains for 
the location being visited” (Marsiglio, 2017,  p. 633). 

This thoughts are in line with the historical evolution 
of the concept of tourism carrying capacity that 

initially “was concerned with environmental 

considerations, but later on with evolution of theory 
and practices on sustainable tourism and with the 

need for a multidimensional approach combining 
simultaneously social, economic and environmental 

dimensions was taken much emphasis” thus, 
including physical carrying capacity, social carrying 

capacity, and economic carrying capacity (Pasko, 

2016, p. 166). The analysis of tourism impact in 
specific location include three dimensions, p.  

“physical environment (natural and man-made 
including infrastructure), social (population and social 

structure and dynamics) and economic (including 

institutional and organizational)” (Pasko, 2016, p. 
166). From an environmental perspective “carrying 

capacity is a complicated concept and shows the 
relationship between visitor and environmental 

conditions” thus the increase of visitor number have 

greater negative impacts such as “soil compaction, 
reduced soil surface and vegetation density” 

(Kourandeh & Fataei, 2013, p. 63). The position of 
treehouses, often in fragile and sensitive natural 

environment, make environmental carrying capacity 
particularly relevant such as in relation to the soil 

compaction and vegetation density. The concept of 

ecological carrying capacity has also been mentioned 
(Kourandeh & Fataei, 2013, p. 63). The ecological 

system will collapse when tourism demand exceeds 
the carrying capacity, thus for sustainable ecotourism 

a proper balance between tourism demand and 

carrying capacity, is necessary (Lee, 2011, p. 1297). 
The role of government become fundamental. 

Governments must step up to the challenge of 
guaranteeing that “more sustainable forms of tourism 

will be supported and to reassure investors and 
players in the tourism sector that government will 

support and encourage sustainable tourism 

management and development” (Trong Tuan, 2011, 
p. 8). Treehouse tourism should be at the centre of 

this relationship framework, thus including all various 

issues. A model of TT should therefore include all 

these above mentioned matters about sustainable 

tourism, carrying capacity and governments roles.  

Treehouses and (new) tourism 

Treehouses, human development and 

environmental matters can be seen connected.  
As human development and its associated 

problems of environmental degradation continue to 
grow, environmentally conscious humans are 
searching for means of living which minimize 
environmental burdens. Tree houses that use tree 
trunks and their roots as the foundation of an 
elevated living space are a growing niche worldwide 
that fits into this category (Rainer, 2019, p. 50). 

Treehouses were already present in ancient and 

roman times (Ramos, Bowling & Barker, 1999, p. 24). 
The building of a structure on tree “have been built 

since antiquity, by primitive tribes hiding in trees from 
predatory beasts and floods” (Babris & Bratuškins, 

2019, p. 106). With time “more stable dwellings have 

been favoured and the ability to build shelter in 
treetops has survived in just a few tribal traditions in 

Papua New Guinea and Indonesia” (Babris & 
Bratuškins, 2019, p. 106). Changes on treehouses use 

has been noted and currently “the growing interests 
of alternative life styles have led tree houses to 

develop into the tourist lodging and hospitality 

business” (Ellisa & Andriani, 2015, p. 125). 
Consequence “to the de¬velopment of nature-

cognitive tourism and economic growth, both in 
America and in Europe, the tradition of building 

wooden structures has been unearthed for cognitive, 

artistic, cultural and hospitality applications (Babris & 
Bratuškins, 2019, p. 106 ). Always more tourists “are 

driven to travel by a personal and interpersonal desire 
for escape, socialisation, freedom and discovery in 

natural contexts or by the allure of green, wide-open 

spaces and/or pristine environments” (Brochado, 
2019, p. 312). These same tourists “are also being 

pulled by nature-based product and service 
improvements. Many travellers are thus turning to 

natural environments for their recreational pursuits” 
(Brochado, 2019, p. 312). Tourists are also currently 

more “concerned about the environment, particularly 

the use of less carbon-intensive products and are 
looking for sustainable travel packages that include 

recognition of social and environmental issues, of 
―green tourism services and of the principles of 

―eco-tourism” (ILO, 2010, p. 43). A study indicates 

that “All the tree house hotels in this survey were built 
to the highest sustainable standards, using local wood 

and building materials but offer all the comforts of 
modern life” (Sloan, Legrand & Kinski, 2016, p.  54). 

However, the private consumption of nature become 
the essence of TT where individuals consume the 
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treehouse (and the tree upon which the treehouse is 

built) and the natural ground and aerial surrounding.  

At the same time the fashion of treehouse has 
been (arguably always) connected to child memory. 

Treehouses is connected to otherness and childhood 
dream. A treehouse “constructed around, next to or 

among the trunk on mature trees is mostly identic 

with romantic images of childhood memory of play 
and adventure” (Ellisa & Andriani, 2015, p. 125). Tree 

houses “offer uniquely intensive experiences and a 
feeling of being one with nature, which can trigger 

nostalgia rooted in guests’ childhood” (Brochado, 
2019, p. 311; about treehouse and childhood also see 

Stasch, 2011, p. 79). As noted, p.  “We probably all 

had the fantasy of living in a treehouse during our 
childhood years. Some of us might have been lucky 

enough to have had a treehouse, or a friend with one, 
when we were younger. The imagination can run free 

in a forest, and fantasies can turn into reality. 

Treehouses aren’t just for children, either” (Parker, 
2017, p.  online).  

New tourist markets taste trends and childhood 
memory together can be linked to visitor experience 

and sustainability as the experiences and satisfaction 
of tourists “in nature-based tourism contexts are 

essential to the long-term success of this type of 

product and the sustainable management of tourism 
destinations” (Brochado, 2019, p. 310). A study on 

visitors’ experiences in tree houses in Costa Rica 
indicates that the treehouses experiences “are 

recalled as the best part of trips, and positive 

experiences with locals appear to improve the host 
country’s brand image for guests” (Brochado, 2019, 

p. 321). This finding strongly link the nature 
(treehouse/forest) and the social (interaction with 

locals) aspects of the visitor experience. 

Current trends in social and demographic context 
“as well as changing values in society and consumer 

perceptions promote the development of new 
opportunities and products in the hotel, catering and 

tourism industry” (ILO, 2010, p. 35). With the 
continuous growing of the environmental ethics 

movement “in tourism, hotels, resorts, guesthouses, 

inns, hostels, campgrounds, cruise lines, and other 
accommodation providers will continue to realize that 

reducing their carbon footprint on the environment 
translates into good business” (Timothy & Teye, 2009, 

p. 261). Along this lines and despite definitional 

problems on the classification of the several types of 
accommodation “it is likely that new forms of 

accommodation will continue to appear on the 
tourism scene” (Timothy & Teye, 2009, p. 261). 

Creative people have started to exploit “tourists’ 
propensity toward oddness, curiosity fulfilment, 

unusualness, otherness, being ‘the first’, and seeking 

titillating experiences. The establishment of ice 
hotels, sand hotels, lighthouse lodges, cave and 

underground hotels, and tree house lodges attests to 

this” (Timothy & Teye, 2009, p. 261). “It’s also no 

longer bizarre to find travellers who would rather 

sleep in treehouses, book activities using sharing 
economy platforms, or look for hosts instead of tour 

guides” (Ascolese & Llantada, 2019, p. 29). 
Treehouses can “take this quality of architectural 

otherness to a special extreme. Their status as an 

anti-type to global publics' ideas about normal 
housing is attested by their prominence in such 

popular works of imaginative literature and film as 
The Swiss Family Robinson, Peter Pan, Winnie the 

Pooh, Tarzan, Return of the Jedi, and Avatar” (Stasch, 
2011, p. 79). 

In this context it is possible to include the concept 

of ‘glamping’, expression resulting “from the 
combination of two English words "glamour" and 

"camping"” (Filipe, Santos & Barbosa, 2018, p. 114). 
Amongst other accommodation types (such as yurts 

and safari tents) with “unusual accommodation 

options with strong innovative design components” 
Glamping include treehouses (Filipe et al., 2018, p. 

114). Glamping link the features and services of a 
luxury hotels “with the privileged contact with nature 

in which people search for authenticity, customized 
service, and closer attention to the client, along with 

genuine interaction with the local community, a rare 

thing in urban environments” (Filipe et al, 2018, p. 
114). Glamping has the capability to attract visitors 

“who search for an alternative accommodation and 
lifestyle, and for whose tangible assets are an 

essential part of the experience” (Filipe et al., 2018, 

p. 114). Treehouses accommodation usually fall 
under Glamping label (Brochado, 2019, p. 311). 

Treehouse tourism also named “Treehouse glamping 
is one of the most famous types of glamping […] 

Treehouses cover the true definition of glamping as 

they are unique, comfortable, and luxurious” (Grand 
View Research, 2021).  

Another relevant issue, also linkable to the above, 
is wellness/wellbeing tourism market. The wellness 

tourism market, “which was initially a niche product 
in many Northern and Western European countries, 

has transformed into an essential tourism product as 

a sub-branch of health tourism for over 15 years” 
(Ergüven, 2015, p. 224). Tree house hotels fit very 

well with the concept and philosophy of wellbeing. 
First, many of them are located near the water, so 

they use both green and blue spaces. It is widely 

recognized that green spaces (such a forests, parks, 
gardens etc.) and blue spaces (lakes, sea, rivers) 

have a positive impact on physical and mental 
wellbeing (Bell et al., 2014; Dlużewska, 2016). There 

has been much research about the impact of planning 
green spaces in the cities on wellbeing (Conniff & 

Craig, 2016), impact of particular species on the 

wellbeing of particular people (Chang et al., 2016), 
impact of exercise in the outdoor green space on 

teenager’s cognitive development (Ward et al., 2016), 
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the relationship between greenspace and the mental 

wellbeing of adults (Houlden et al., 2018) and many 

others (Bell et al., 2014). When analysing tree houses 
hotels/wellbeing relationship, it is worth paying 

attention not only to health (physical and mental) 
aspects. First of all, staying on the tree (house hotel) 

arises the feelings of adventure and fun – typical for 

children. Consequently, it improves the hedonic 
fulfilment, and - definitely raises the subjective 

wellbeing. Tree house are a kind of phenomenon. This 
can be used in the marketing of such facilities. 

Touristic products are successful if they answer 
“the needs of the tourists. In this context, both the 

tour operators and the destinations are in search of 

continuous and new touristic products” (Ergüven, 
2015, p. 224). On wellness tourism has been written, 

p.  “Think, p.  Trek through nature at sunrise, visit 
village artisans, meditate in a treehouse, and then 

move to ocean cliffs for hours of treatments. Spas 

have long adopted the language of the “journey” but 
with little actual journeying; now concepts are 

appearing befitting the term” (Global Wellness 
Summit, 2018, online). For example, the forests 

environment “have long been associated with 
recreational and touristic experiences worldwide” 

(Conti, 2019, p. 1) thus, there can be a relation 

between forest and wellbeing, when a “situation can 
be observed when it comes to experiential products 

more closely related to health and well-being, in 
which a stronger connection between the forest itself 

and the experiential themes associated with it can be 

highlighted” (Conti, 2019, p. 10). In this context, for 
example, in Ödeshög (Sweden) a tourism firm has “10 

huts and treehouses that can be booked by guests, 
each hosting between 1 and 4 people. They offer 

activities for guests (only groups) centred on food and 

ancient forest food culture, alongside basic woodman 
skills, such as chopping wood, lighting a fire and 

sharpening an axe. Most of these activities are rather 
basic, and oriented towards detoxifying and the 

rediscovery of healthy human sociality” (Conti, 2019, 
p. 11; on the relation between forest and wellbeing 

see also Ohe et al., 2017).  

The ‘glamping’ and wellness market seem to posit 
treehouse within the context of expensive, luxury or 

high-end tourism. The novel and post-modern 
accommodation types “offer exclusive opportunities 

but also, many of them, especially the most extreme 

and bizarre, come with bragging rights. To be able to 
claim that one has spent a night or two in a hotel 

made of ice, for instance, is well worth a high price 
for many people who have an interest in doing things 

‘off the beaten path’ and which most of their 
acquaintances might never even have dreamed of 

doing (Timothy & Teye, 2009, p. 239). Certainly this 

specific contextualisation of TT as an elite tourism 
should be seen negatively as everybody should be 

able to have treehouse experiences (same as holiday 

should be available for everybody) as educational, 

leisure and wellbeing experience. In addition, the elite 

contextualisation of TT also seems to contradict the – 
certainly at least on paper – more ‘democratic’ 

perspective, their interest in community inclusion and 
so on of the new tourists.       

The consumption of nature must also be kept into 

account. A study on thatched huts identify those as 
cultural icons key elements of the tropical ‘tourist 

gaze’ (Sierra-Huelsz & Kainer, 2018, p. 9) as 
treehouses can be seen cultural icon – a Robinson 

Crouse escape. Differently to common claims that 
tourism, and ecotourism in particular, decrease 

consumptive use of biodiversity a study “demonstrate 

many ways in which tourism drives increased 
consumption of biodiversity” (Sierra-Huelsz & Kainer, 

2018, p. 9). There is the risk that tree houses could 
follow similar pattern if proper rules and conditions 

are not (compulsory) enforced and attended to. 

While treehouse tourism should be still considered 
a very small niche market its presence is certainly 

tangible, and always more visible and widespread 
around the world (making relevant, given the still 

essentially inexistent literature, to start to open the 
debate about treehouse tourism). The global 

treehouse tourism market, recognised as a treehouse 

glamping market was USD 186.3 million in 2020 and 
“is expected to expand at a compound annual growth 

rate (CAGR) of 8.7% from 2021 to 2028” (Grand View 
Research, 2021). The specific market segment of 

treehouse tourism (or treehouse glamping) is 

dominated by the 18-32 age group that share more 
than 40% of the market in 2020 and it is expected 

still to rapidly grow. Millennials and female solo travels 
and also couples without children are all protagonist 

in treehouse tourism making (Grand View Research, 

2021). At the same time it is also ntoednoted that the 
“33-50 age group segment is projected to expand at 

a CAGR of 8.5% from 2021 to 2028” (Grand View 
Research, 2021). The European continent “dominated 

the global market by accounting for over 45.0% share 
in 2020”. (Grand View Research, 2021). 

Treehouses have become a ‘media’ phenomenon 

such as the treehouses of the Korowai and Kombai in 
New Guinea (see Stasch, 2011 for an in-depth 

analysis of this phenomenon and its local 
consequences) or thanks to television programme 

such as Treehouse Master (hosted by P. Nelson, also 

author of Nelson, 2014). Treehouses tourism around 
the world is growing and many treehouses on various 

trees of many shapes and sizes are present (or 
planned) for accommodation or other visitors’ 

activities. A wide range of recreational structures in 
trees and with different functions are present. 

Treehouse examples can be found worldwide and as 

the book (see Nelson, 2014) from a treehouse builder 
shows treehouses have reach incredible level of 

architecture, design, engineering and functionality. 
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Beside treehouses for family uses, treehouses are 

now built for a several of purposes such as treehouse 

SPA, treehouse guesthouse and a treehouse brewery 
(see Nelson, 2014). Just to mention that the SPA 

treehouse in Texas (USA) is 200-square-foot oak-
bound construction also include a full bathroom with 

a state-of-the-art steam shower (Neson, 2014). A 

research (Babris & Bratuškins, 2019, p. 109) that 
analysed publicly accessible treehouse for tourists, it 

proposes that the most common usage of 210 
examples that has been found, are as follow, p.    

• hotels, accommodation – 130;  
• dwelling houses in trees – 37;  

• objects of interest, sightseeing platforms, 

attractions – 18;  
• tents in treetops, glamping – 9;  

• restaurants, cafes – 7;  
• outdoor camping platforms – 7;  

• office spaces – 3;  

• outdoor cinema – 1. 
In Nigeria in the Okomu National Park a treehouse 

for game viewing is a major attraction, it is “about 
43m high with 73 steps and it is built on a silk cotton 

tree (Ceiba pentandra)” (Ijeomah, Nwanegbo & 
Umokoro, 2015, p. 234). The Nigerian treehouse “has 

a sit-out at the base and at the peak of the tree to 

ensure comfort of the tourists while viewing games. 
Climbing the tree house gives a lot of excitement. 

Many tourists hardly get to the last step of the tree 
house” (Ijeomah, Nwanegbo & Umokoro, 2015, p. 

235). Within a National Park context, the South 

African National parks authority has proposed 
treehouses as investment opportunity. In its (South 

African National Parks) catalogue about investment 
opportunities, the South African National Parks 

indicated two opportunities for Treehouse products 

writing, p.  
Opportunities exist for two unfenced camps within 

the tree canopy. The camps could be either fully 
catered or self-catered depending on market demand. 
Each camp will have a maximum of 15 tree houses, 
with three small clusters of five tree houses each 
offering privacy. Services will be provided from a 
central point. It is anticipated that the one camp will 
be suitable for families with children while the other 
will allow for a discreet, more exclusive experience 
(South African National Parks, 2017, p. 43).  

Along the same lines the Almaty-Bishkek Economic 

Corridor (ABE) Tourism Master Plan in relation to 
Republic of Kazakhstan and the Kyrgyz Republic 

under the diversification of touristic activities section 
proposes that with limitless of types of “luxury 

camping sites all over the world, glamping, 
portmanteau of glamorous and camping, is a trend 

that can appeal all types of travellers. Eco-friendly 

and connected with nature, there are all sorts of types 
of glamping, such as tree houses, yurts, domes, or 

cabins” (Asian Development Bank, 2019, p. 59). The 

Costa Rican “tourism industry has recently responded 

to a renewed interest in tree houses, which offer not 

only opportunities to experience a different lodging 
alternative but also a chance for visitors who care 

about forest conservation to sleep out in nature” 
(Brochado, 2019, p. 315) and there are various 

“incredible treehouse vacation rentals, lodges, and 

hotels in Costa Rica, Nicaragua, Panama, and Belize 
that will excite your childhood self, while also satiating 

your adult needs” (Parker, 2017, p.  online).  
Treehouses can also be a part of community 

development project linked to community-based 
tourism development. An example from Ghana 

indicated that the tree house project goals “were to 

provide a unique overnight tropical forest experience 
for adventurous tourists and generate economic 

benefits for conservation efforts in Kakum in general 
and the Mesomagor community in particular” 

(Mensah, 2017, p. 88). Recognising that numerous 

“authors are of the view that the problems 
encountered with the community-based tourism 

approach stem from the methods and techniques 
used in their implementation” (Mensah, 2017, p. 86), 

the Ghanaian project indicate that one “aspect of the 
project was capacity building through training to 

empower community members to eventually take 

control of the project. The project afforded tourists 
who visited the community the opportunity to sleep 

overnight in a treehouse, hike through the forest, 
embark on farm tours, watch cultural performances 

by the Bamboo Orchestra, and to be accommodated 

in a guesthouse” (Mensah, 2017, p. 88).  
However, treehouses accommodation or 

experience is also becoming – leaning to become (if 
ever was a real alternative tourism is also arguable) 

– part of the more conventional/mass tourism 

products. For example, one of the proposal at 
Meetings, Incentives, Conferencing and Exhibitions 

(MICE) trends in Africa in 2019 (see Daily News, 
2019, p. 6) will be an increase demand for 

unconventional spaces “to make the event experience 
more memorable through the use of open and 

unusual spaces in and outdoors, like tree houses and 

rooftops, along with seating plans in favour of 
minimalistic sets and funky furniture such as director’s 

chairs, bean bags and soft sofas” (Daily News, 2019, 
p. 6). The risk to co-opt or re-elaborate specific form 

of, supposed, alternative tourism by conventional 

mainstream mass tourism seems well under way. As 
previously mentioned, p.  “these new forms of 

tourism have been used merely to legitimize and 
prolong the mainstream industry” (Kasim, 2006, p. 

10) and “many of the areas identified by such 
[alternative] tourists (Mediterranean coast, the 

Caribbean, Southeast Asia, Macaronesia) have now 

been developed by the tourism industry, and some of 
these tourists have settled and become business 
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owners” (Santana-Talavera & Fernadez-Betancort, 

2015, p. 3). 

A way forward for Treehouse Tourism    

The sustainability of treehouses is fundamental as 
it is the health of the tree and improvement of 

building techniques go hand in hand with the tree 
health. Treehouses depend “on a healthy living tree 

for success. Building tree houses will likely result in 

expanded knowledge and techniques for maintaining 
health and longevity of trees despite the cohabitation 

of humans” (Rainer, 2019, p.  51). Beyond these 
issues, a treehouse built for tourism needs to consider 

the location and other aspects that are related to the 
tourism market. The treehouse must not just be 

sustainable and take care of the tree(s)/forest but it 

must also appeal to the tourism market to be 
economically sustainable. In addition, the general 

issues that tourism, especially alternative tourism, 

should be projected to work to alleviate poverty and 

inequality and remain more locally controlled (and 

benefits the local population) should also be 
considered as TT is – should certainly be/remain – an 

alternative types of tourism. Social issues and 
measures to enhance social responsibility and 

sustainability should be present. Therefore, in relation 

to TT environmental (this include the tree botanical 
characteristics and the construction techniques), 

social and economic issues, all need to be considered. 
In this context issues of carrying capacity which 

favour sustainable TT development must be 
considered. The adherence to specific parameters of 

carrying capacity can be connected to sustainability. 

Consequently, three general issues, with specific 
attached components, should be seen in relationship 

each other forming a general TT model (see Figure 1) 
aligned towards sustainability.   

 

 

Fig. 1:  The general TT model (source:  Authors elaboration)  

 
Within this general sustainable TT model, various 

issues must be considered and can contribute or pose 

challenges to the sustainability of the treehouses. The 
three main issues are: 

• Small scale / low density - From a business 
perspective it seems obvious that the treehouse 

should be economic sustainable, it must make profit. 

However, carefulness need to be applied in the 

management of the number of treehouse customers. 

The building of a treehouses is, more often in specific 
forest or landscape that need protections (they are 

also the products upon which tourism itself is based) 
thus the increase of treehouse customers number 

need to be strictly balance with the specific local 
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environmental characteristics – including aerial, blue, 

green and ground contexts. For example, too much 

walking around a tree can provoke the compaction 
and/or erosion of soil. In this respect, it seems 

obvious that TT will struggle to become mass tourism, 
this to avoid environmental disruption. Low density of 

treehouses and low number of customers should be 

guarantee (these will change based on each tree/local 
environment characteristics).  

 This will help social-economic inclusivity. Due to 
the low volume, it is supposed to be small scale, thus 

being an accommodation type that local people (also 
disadvantaged community members when proper 

facilitation/assistance is given) can be able to manage 

and control and where required investment can be 
much lower than in large accommodation. Financially 

entry level requirement can be much lower. 
However, currently TT seems more based on high-

end/luxury structures seemingly making this types of 

tourism more related to high level of investment and 
with a clientele generally belonging more to the upper 

classes. This article, instead, proposes that this state 
of affairs should be inverted or, at least rebalanced, 

where TT become a more affordable investment and 
affordable holiday for the majority of people.  

• Inclusivity – inclusivity should be understood 

in two aspects. On one side ownership, management 
and benefits from TT should be structured to 

favourably lean towards local community members 
(with special focus on the disadvantaged people in 

society). Thus, moving TT towards a CBT or other 

genuine forms of inclusive tourism approach can be a 
possible solution. Alternatively, government can 

advance new solutions to attract companies to be 
more involved in social-economic and environmental 

issues such as through the Investment Redistributive 

Incentive Model (IRIM) thus favouring, by means of 
incentive, the restructuration of companies’ 

ownership and management and the implementation 
of any other measures that can have local positive 

impacts (Giampiccoli & Mtapuri, 2020). Other new 
solutions can certainly be proposed to favour a more 

redistributive approach in TT (as tourism in general). 

Other solutions can be for companies to do local 
development projects and improve the 

workers/employees working conditions.  
• Environmental problems and challenges – 

following from the low density requirement above 

explained the need to foster environmental suitability 
and awareness become clear. The presence of 

botanical/forestry experts should be a legal 
requirement in the construction of treehouses. 

Attention need to be given to the four (blue, green, 
aerial and ground) spaces to consider the 

comprehensive environmental sustainable impact.  

It is already proposed that whereas “tourism 
stakeholders such as government institutions, 

destination marketing organizations, and national and 

international non-profit organizations are interested 

in CSR implementation, economic incentives such as 

tax credits could provide an avenue to increase 
participation (Baniya, Thapa & Kim, 2019, p. 9). In 

this context the IRIM (see Giampiccoli & Mtapuri, 
2020) proposed just above can be an option favouring 

companies to implement measures to promote local 

positive impacts.  
It is here proposed that private sector voluntary 

code of conducts or CSR will not be enough to 
guarantee social, economic and environmental 

sustainability therefore government regulations 
should be legally enforceable. Social and 

environmental requirements are seen fundamentally 

necessary. Government should also favour the 
establishment of specific limit on carrying capacity 

and facilitate the involvement of local people, 
meaning facilitate the local control of TT.  

A final important issues is to favour the inclusion 

of all social categories in the benefits (not only 
economic) from TT. Treehouse tourism should not be 

confined to the luxury market allowing only the 
wealthy to participate but should have a more open 

approach where all social categories can have the 
benefits (welling, health, education and so on) from 

participating in TT. Inclusivity is not just about 

monetary benefit from tourism (in this case TT) but it 
must be understood holistically otherwise 

reproduction of inequality of tourism/leisure 
consumption, also in supposedly alternative tourism 

– will continue to exist.   

From social perspective this new product 
diversification is linkable with new tourists’ market 

trends, it should take opportunity to place itself at the 
vanguard also from a social perspective, thus 

fostering and facilitating local community inclusion 

(specifically in reference to disadvantaged community 
members living in proximity of the tourism facility – 

the treehouse). This social inclusion could certainly 
also enhance more the attractiveness of the 

treehouse facilities that, beside to the environmental, 
otherness and general experiential attractiveness 

could add the social value. 

From an environmental perspective, TT should be 
also at the vanguard. Its usual localization in fragile, 

pristine or sensitive natural contexts and its impacts 
on various spaces (green, blues, ground, and aerial) 

make TT a type of tourism in ‘extreme’ need to be 

sustainable. Thus, TT can serve technologically and 
managerially to possibly find new solutions and 

advance new possibilities to later include the wider 
tourism sector.  

Conclusion 

This paper has attempted to discuss main gaps 
and challenges related to TT, and finally to put 

forward a general TT model to better understand the 
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various components that need to be considered when 

building a treehouse for tourism purposes. Thus, 

while strongly recognizing the environmental aspects, 
the TT model also include social and economic 

aspects and advance that the government should be 
protagonist in facilitating and regulating the TT. The 

TT model underlines that social and economic aspects 

related to inclusivity and redistribution are 
fundamental. The paper also underlines the possible 

impact of TT on four spaces (green, ground, aerial 
and blue spaces), thus its possible inclusion of 

landscape and its ‘extreme’ need to be sustainable 
within specific parameters of carrying capacity. The 

proposed TT model follows the carrying capacity 

direction to advance a more holistically sustainable 
and inclusive and just tourism sector. 
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Abstract 

Online education developed greatly during the Covid 19 Pandemic. 
Although there were online learning and teaching resources 
before 2020, they were not sufficiently tested or used. In modern 
geography, students must develop their skills, knowledge, be 
motivated and involved in geographic inquiry. Our objectives are 
related to the research question of this study, namely how 
students perceive this new form of evaluation, online evaluation, 
and whether they have certain preferences related to the tools 
used in online assessment (Google Forms and Wordwall). Data on 
students' perceptions regarding these online assessment tools 
were collected through an online questionnaire on a sample of 85 
fifth graders. The analysis methods were word cloud analysis and 
multivariate statistical analysis. The results obtained showed that 
students are open to online assessment through new methods. 
Moreover, this type of assessment offers them a simpler 
alternative to learn, with them better understanding or easily 
remembering the taught lesson. The appearance of the two user-
friendly interface platforms or the easy to use mode is an 
important variable perceived by students, as they can induce in 
students the joy of participating in an online competition. There 
are also negative aspects reported by them, especially related to 
concerns regarding the internet connection or to time given being 
too short. The usefulness of these tools is not to be neglected at 
all, given that the target group has been continuing online 
education for more than a year and the teaching-learning process 
must adapt to the current context. 

Keywords: Geography, education online, Google Forms, 
Wordwall, Word cloud analysis, Redundancy Analysis 

Rezumat. Educația online asigură o predare și 
evaluare eficientă a Geografiei? O perspectivă 
românească a elevilor de clasa a 5-a 

Învăţământul online s-a dezvoltat mult ȋn timpul Pandemiei de 
Covid 19. Deşi existau resurse online de ȋnvăţare şi predare şi 
ȋnainte de anul 2020, acestea nu erau suficient testate sau 
folosite. In geografia modernă, elevii trebuie să ȋşi dezvolte 
competenţe, cunoştinţe, să fie motivaţi şi implicaţi ȋn cercetarea 
geografică. Obiectivele noastre sunt legate de ȋntrebarea de 
cercetare a acestui studiu şi anume cum percep elevii această 
nouă formă de evaluare, evaluarea online şi dacă au anumite 
preferinţe legate de instrumentele folosite ȋn evaluarea online 
(Google Forms şi Wordwall). Datele legate de percepţia elevilor 
faţă de aceste instrumente de evaluare online au fost colectate 
printr-un chestionar  online, pe un eşantion de 85 de elevi din 
clasa a V-a (10, 11 ani). Metodele de analiză au fost word cloud 
analysis şi analiza statistică multivariată. Rezultatele obţinute au 
arătat că elevii sunt deschişi la evaluarea online prin noile metode.  
Mai mult, acest tip de evaluare le ofera o alternativă mai simplă 
pentru a ȋnvăţa, ȋnţelegând mai bine sau reţinând cu uşurinţă 
lecţia predată. Aspectul celor doua platforme interfaţă (exemplu 
interfaţă prietenoasă) şi modul de utilizare  (uşor de folosit) 
reprezintă o variabilă importantă percepută de elevi, şi anume  
acestora le poate induce bucuria de a participa la o competiţie 
online. Există şi aspecte negative semnalate de ei, legate  mai ales 
de ȋngrijorarea privind conexiunea la Internet şi timpul prea scurt. 
Evaluarea online rămâne o alternativă ȋn această perioadă. 
Utilitatea acestor instrumente nu este deloc de neglijat ȋn condiţiile 
ȋn care grupul ţintă continuă ȋnvăţământul online de mai bine de  
un an şi procesul de predare-ȋnvăţare trebuie să se adapteze 
actualului context. 

Cuvinte-cheie: Geografie, educație online, Google Forms, 
Wordwall, analiza norului de cuvinte, analiza redundanței 

 

Introduction 

Among the containment and mitigation strategies 

for the pandemic, the governments of the Central and 

Eastern European states, including Romania, imposed 
in March 2020 (more precisely on the 13th of March 

) schools closure and in-person classes were 
suspended (Popescu, 2020). In this context, online 

education developed a lot during the Covid 19 

Pandemic. Although there were online learning and 

teaching resources before 2020, they were not 

sufficiently tested or used. In modern geography, 
students must develop their skills, knowledge, be 

motivated and be involved in geographic inquiry 
(Favier & Van der Schee, 2011) and these goals can 

be achieved through technology as well. The 

pandemic has forced the rapid digitalization of the 
educational process and has done so by employing e-
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learning platforms as a means of continuing courses,  

by our use of digital resources and class technology, 

making it much more accessible and more efficient 
than before the pandemic (Yunus & Salehi, 2012). 

Following a search  on E-information base in Web 
of Science - Core Collection, Science Direct Freedom 

Collection, Elsevier, Wiley Journals, Springer Link 

Journals, Google Scholar, the following applications 
were identified, under the name of new methods of 

learning- teaching geography: GIS in Geography 
classes, Google Earth, Google Maps in Geography 

classes, Virtual reality into learning and teaching. As 
evaluation methods we mention, Google Forms, 

Kahoot, Quizlet, Padlet, Setera, Wordwall. In our 

study, we have chosen  to discuss evaluation 
methods. We have selected the most used evaluation 

method in Romanian schools, respectively Google 
Forms, and one less used by teachers, namely 

Wordwall. 

Google Forms is an application created by Google 
that allows the application of tests and surveys in the 

educational environment. Recently, this application 
has gained great popularity among teachers and 

students due to its usefulness as an assessment tool 
(Fransen et al., 2011; Taylor & Doehler, 2014) and due 

to its instructive nature (Adams, 2008; Denton, 2012; 

Mallette & Barone, 2013). Among the advantages of 
this application we list: (1) it can be accessed by 

several users at the same time; (2) quick access to 
students' answers that are stored in Google 

spreadsheet (Insua, 2015); (3) answers can be 

viewed after the session (Simpson, 2012); (4) it can 
be used by a large number of students, up to 100; 

(5) at the end of the test the application collects a 
series of statistical data through which the teacher 

can verify which questions have not been solved by 

the student. Thus, some knowledge that has not been 
acquired can be discussed by the teacher together 

with the students (Nguyen et al., 2018). 
The Google Forms application menu allows one to 

choose multiple answers, insert images, videos, etc. 
From this point of view, it is appreciated as an active 

learning tool that fosters the development of 

cognitive skills (Allen, 1995). The results obtained 
from the evaluation of students can be used by 

teachers to improve teaching (Gilchrist & Zald, 2008). 
Not to be neglected is the aspect of time 

consumption, Google Forms greatly reducing the time 

allocated by teachers to correct tests because the 
score can be generated automatically (Ardid et. al., 

2014). The results are reliable and are stored in the 
form of non-editable diagrams (Agrawal & Maurya, 

2016). Another advantage of the application is its 
accessibility, so during the pandemic all educational 

institutions in Romania used the e-learning platform 

Google Classroom which directly provides this tool for 
assessing students. 

Google Forms in the version of Google Suite for 

Education (G-Suite for Education) is a complex 

application that allows material management, 
evaluation and analysis of results (Sari et al., 2020). 

Experimentally, studies have been undertaken that 
have demonstrated the effectiveness of using the 

Google Forms application in developing critical 

thinking, problem solving. In chemistry, Google Forms 
has been applied to quantify learning efficiency (Sari 

et al., 2020). In technical terms, this application is 
very advantageous, since it offers unlimited storage 

space, high level of security, easy connection. 
Wordwall is an easy-to-use platform because it 

does not require advanced digital skills from users, it 

provides teachers with a large number of ready-made 
templates in which they will enter the content of the 

test. The templates are very varied in structure 
ranging from quizzes, anagrams, questionnaires to 

interactive mini-games (Van Drom, 2019) etc. Among 

the advantages there are to be mentioned: interactive 
items that can be grouped in different activities, the 

activities themselves, through their diversity, can be 
applied to all levels of study. Moreover, a community 

is created at the level of users, social interaction is 
facilitated, interactivity is fun. This tool can be used 

exclusively for individual study (Lewis, 2017). 

Moreover, although it is an online digital tool, it also 
offers the possibility to print all the resources. 

Some disadvantages regarding the online 
assessment for Google Forms and Wordall have been 

identified in the literature, such as: teachers cannot 

control students during the assessment, students can 
discuss with each other (Kerka & Wonacott, 2000), 

the instability of the connection to internet (Mansor, 
2012). Given that the tests are conducted online, 

students  may experience emotional stress, 

frustration (Mansor, 2012) which could have a 
negative impact on the student. Some studies have 

highlighted other limitations such as the haste of 
some students to finish quickly (Azmina et al., 2017) 

and the impossibility of mathematical symbols being 
inserted (Nguyen et al., 2018).    

Our working hypothesis is related to the fact that 

although there are several assessment tools available, 
some are more preferred than others. We point out 

why and try to capture the  students' openness to the 
new online assessment method. The research 

questions are: (1) how do students perceive this form 

of assessment, namely, online assessment? (2) what 
are the students' preferences regarding the two 

assessment tools, namely Google Forms and 
Wordwall? 
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Data and Methods 

Instruments  

Data were collected from 85 students in the 5th 
grade, students aged 10-11 from middle school, from 

two schools, namely Tudor Vianu National College of 

Informatics from Bucharest and C. Porumbescu 
Middle School  from Comăneşti, Bacău County. The 

evaluation of the students was done after teaching 
two consecutive lessons from the chapter dealing 

with Atmosphere, lessons in which the students were 

evaluated as follows: test 1 - in Google Forms - Warm 
climate zone; test 2 - in Wordwall - Temperate and 

cold climate zone. The collection of data on students' 
perceptions of the two assessment tools, Google 

Forms and Wordwall, was done by applying a 
questionnaire also made using Google Forms (Annex 

1, additional material). It included 2 questions with 

several possible answers and 11 questions with a 
single answer. For the statistical analysis, the 

perception questionnaire was structured on 13 
questions, these being grouped in 3 large clusters. 

The first cluster, perception / evaluation method 

(questions 1, 2, 3, 4, 13) has the following keywords: 
motivation, open to new methods, easy to  learn, easy 

to remember, classic evaluation methods. We used 
multiple choice questions, the answer received the 

code 1 for present, 0 for absent. 
The second cluster, online evaluation, like / dislike 

(questions 5, 6), has the following keywords: 

results/score immediately, don't get bored / it's funny, 
enjoy the competition, not enough time to read and 

understand the questions, time too short, concerns 
regarding the internet connection, hardly remember 

the details, the difficulty of the questions, the surprise 

of an unannounced quiz, don't like online evaluation. 
The third cluster, about using Google Forms / 

Wordwall tools (questions, 9, 10, 11, 12) has the 
keywords: easy to use; user-friendly interface; user-

unfriendly interface; too hard to use; lack of 
animations and video images. 

Methods 

The first statistical method chosen was Word cloud 

analysis, as a method of visual representation of the 

keywords in the three clusters (Atenstaedt, 2017). 
The size of the keyword identifies the central point of 

the analysis, in our case, the highest number of 
answers associated with a keyword. The word size 

shows the number of respondents to that item. 

From the SPSS 27 package we chose to use the 

Pearson Coefficient. It is used in research as a 

method to indicate the direction of a linear association 
when the two variables have a normal distribution 

(Mukaka, 2012). Moreover, it shows an association 
between two variables (Wackerly et al., 2008) an 

association that does not necessarily imply a causal 

relationship. 
Redundancy Analysis. Using the R software, the 

Vegan package, we used Redundancy Analysis (RDA) 
to identify and understand the links of 

interdependencies, determined by the action of 
different causes and conditions, which more or less 

influence the analysed phenomenon (Legendre & 

Legendre, 1999). Keywords were grouped into 
explanatory variables (about using Google Forms / 

Worldwall) and response variables (Online evaluation: 
like / dislike). 

Results  

The survey indicated that most of the students, 

82.35%, had been evaluated several times, 13 only 
once and only two students did not know this form of 

evaluation. Of the two Google Forms and Wordwall 
tools, students prefer Google Forms (55 students 

versus 33 students for Wordwall). 
In Table 1 we summarized the keywords, the 

number of answers and the number of the question 

in the questionnaire. For the first cluster (Fig. 1) the 
keyword that received the highest number of 

responses is Open to new methods (61 responses). 
The fewest answers (45, 43 answers) are related to 

the keywords easy to learn and easy to remember. 

 

 

Fig. 1: Word cloud 

 
Applying the Pearson Coefficient, we identified 

possible associations between the keywords in the 

three clusters (Table 2). Thus, this index provided 
support for grouping keywords into explanatory 

variables and response variables to perform 
Redundancy Analysis (RDA).
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Table 1a: Number of answers per question (from which keywords were extracted)

Cluster_1 Questions/ Key words 

Perception / 
evaluation 
method 

Q1 Q2 Q3 Q4 Q13 
motivation open to new 

methods 
easy to learn easy to re-

member 
classic evalua-
tion methods 

50 61 43 45 54 

 

Table 1b: Number of answers per question (from which keywords were extracted) 

 

Table 1c: Number of answers per question (from which keywords were extracted) 

 

Table 2: Association of keywords within the three clusters 

Clusters                        
                                                  Key words          

 C_1 Perception/eval-
uation method 
 
 

Pearson Cor-

relation 

Motivation  Open to new 
methods 
 

Easy to learn 
 

Easy to re-
member  

-0.131* -0.326** -0.302** -0.369** 

 
C_2 Online assess-
ment: like/dislike 
 

 

Pearson Cor-

relation 

Don't get 
bored/it's 

funny  

Enjoy the 
competition. 

 

Not enough 
time to read 

and to under-
stand the 
questions  

The surprise 
of an unan-

nounced quiz 
 

-0.368** -0.327** -0.209* 0.486** 

C_3 About using 
Google Forms 
/Worldwall 

 

Pearson Cor-

relation 

Google Forms 
-easy to use 

(V16) 

Google Forms- 
user friendly 
interface 
(V17) 

Dislake 
Google forms 
-lack of ani-
mations and 
video images 

Dislake Word-
wall -user un-
friendly inter-

face  

 -0.938**** 0.492** -0.481** 0.236* 

* A correlation coefficient from -0.25 to 0.25 means a very weak or zero correlation. 
** A correlation coefficient from 0.25 to 0.50 (or from -0.25 to -0.50) means a weak correlation acceptable degree of 

association). 

*** A correlation coefficient from 0.50 to 0.75 (or from -0.50 to -0.75) means a moderate to good correlation. 
**** A correlation coefficient from 0.75 to 1 (or from -0.75 to -1) means a very good correlation 

Clus-
ter_2 

Questions/ Key words 

Online 

evalua-

tion: 

like/dis-

like 

Q5 Q6 
Results 
score im-
medi-
ately 

don't get 
bored 
/it's 
funny 

enjoy the 
competi-
tion 

don't like 
online 
evalua-
tion 

time too 
short 

concerns 
regard-
ing the 
internet 
connec-
tion 

hardly 
remem-
ber the 
details 

the diffi-
culty of 
the 
ques-
tions 

not 
enough 
time to 
read and 
to under-
stand 
the 
ques-
tions 

the sur-
prise of 
an unan-
nounced 
quiz 
 

39 26 22 19 53 48 17 8 24 17 

Cluster_3 Questions/ Key words 

About using 
Google Forms 
/Worldwall 

Q9/Q10 Q11/Q12  
easy to use user-friendly in-

terface 
user-unfriendly too difficult to 

use 
lack of anima-
tions and video 
images 

62/34 23/49 25/17 13/38 47/27 



 
  

 

257 

This type of analysis (RDA) was used to answer 

the second research question, "What are the 

students' preferences regarding the two assessment 
tools?", starting from the assumption that they like 

and dislike these two tools. The first RDA analysis 
focuses on what students like about online 

assessment. The keywords from the three clusters 

have the following grouping for explanatory variables, 
the keywords extracted from the questions being 

related to the two tools EV1 Google Forms - easy to 
use; EV2 Google Forms- user friendly interface; EV3 

Wordwall-easy to use. For response variables the 
keywords were associated with their perception of 

these new methods RV1 Open to new methods; RV2 

Easy to learn; RV3 Easy to remember; RV4 
Results/Score immediately; RV5 Don't get bored / it's 

funny; RV6 Enjoy the competition (Fig. 2a). 

The second RDA analysis focused on what 

students do not like about online assessment. The 

data was grouped as follows: explanatory variables 
EV1- Google Forms - user unfriendly interface; EV2 -

Google Forms - interface too hard to use; EV3-Google 
forms - lack of animations and video images; EV4-

Wordwall- unfriendly user interface; EV5-Wordwall - 

interface too difficult to use; EV6-Wordwall - lack of 
animations and video images. These variables 

grouped the keywords extracted from the questions 
related to what they do not like about the two tools. 

 For response variables RV1- I Don't like 
online evaluation; RV2-Time to short; RV3- Concerns 

regarding the internet connection; RV4 Hardly 

remember the details; RV5 The difficulty of the 
questions; RV6 - Not enough time to read and 

understand the questions; RV7- The surprise of an 
unannounced quiz (Fig. 2b).

 

Fig. 2: Redundancy analysis

Discussions 

How do students perceive online 
assessment? 

The survey indicates that students are open to 
assessment through new methods, although some of 

them also prefer the classic method of assessment. 
From the first set of questions from cluster 1 

(Perception / evaluation method) where the questions 
had multiple answers, although most of the answers 

were obtained for open to new methods, however, 

more than half of the students answered that they 
would not gives up the classic method of evaluation. 

This answer could explain the fact that the sudden 
transition from classic, traditional education to online 

education did not completely change students' 

perception of the assessment process. Moreover, in 
such a short time, students have struggled to acquire 

digital content (Ilovan & Ciupe, 2020). Other answers 
were associated with the fact that students feel 

calmer, more relaxed if they are evaluated by this 
method compared to the classic one, in the 

classroom. From the analysis of the perception 

questionnaire, this new type of assessment offers a 
simpler alternative to learn, better understand or 

easily remember the lesson being taught. The 
answers to the question "do you like being evaluated 

online" showed that most students are interested in 

finding out the test results/score immediately. 
Moreover, students see this type of assessment as a 

fun game that does not bore them. Those who have 
been assessed online several times, seem to associate 

this type of learning with the fact that it helps them 

learn more easily. Also, based on their responses, it 
resulted that they like the competition with their 

colleagues in an online environment as well, not only 
in a traditional class. 
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There are also negative aspects of this type of 

assessment that students noted through the types of 

responses associated with the online evaluation 
cluster: like and dislike. Thus, the biggest fear that 

the 90.58% of students (n= 77) have is related to the 
allotted time (too short), hence  they cannot complete 

their test because they do not have time to read and 

understand the questions. Also, another problem is 
related to the concern that they could loose the  

internet connection during the test. The difficulty of 
the questions in the online format t were mentioned 

only by 29.41% of students (n=25) from the entire 
sample. It was also found that the preference for 

online assessment is not associated with learning 

motivation, but only with aspects related to the fact 
that they find it more fun and they do not get bored. 

Are Google Forms and Wordwall the right 
tools for evaluation? 

The students in the target group were evaluated 
online at geography on the contents taught during 

the respective class using Google Forms and Wordwall 
as tools for dynamizing the time and as a form of 

obtaining feedback. It was explained to the students 

that the purpose of the tests was not to evaluate their 
school performance, their ability to retain much and 

quickly  what was taught at that time,  but their 
familiarization with the online teaching-learning 

method. 
To identify students' preferences for the two tools 

and the possible interdependencies between 

preferences, perception and technical features of the 
two tools, the general methodology implemented by 

Legendre & Legendre, (1999) provides our study with 
answers related to  each response variables was 

regressed on the explanatory variables. The two 

types of variables from the two types of RDA analysis 
(Fig. 2a,b) show that there are significant correlations 

between the chosen variables (Pătru-Stupariu et al., 
2017). Thus, it can be seen that the angle between a 

response variable and a quantitative explanatory 
variable reflects their correlation (Legendre et al., 

2011). 

For the first RDA analysis (Fig. 2a) the most 
representative correlation is made between EV2 

Google Forms- user friendly interface / RV6 Enjoy the 
competition. According to Ausubel and Robinson 

(1981), the assessment has six main functions, in the 

current research we organized a type of online 
assessment with motivational function. The short 

tests applied at the end of teaching sessions were 
meant to raise the students` motivation to stay 

connected throughout the whole lesson, taking into 

account that one of the biggest disadvantages of 
online learning is represented by the lack of control 

upon the students` distance activities. This statement 
is explained also by the interdependence relationship 

between EV2 Google Forms- user friendly 

interface/RV6 Enjoy the competition, which indicates 

that the friendly interface of the used tool acts like a 
stimulus upon the students` needs to compete with 

each other. This correlation can explain that 
competition can be an important motivational factor 

for students (Licorish et al., 2018).  The answers 

given by students indicate that they can experience a 
strong feeling of self-efficiency (Bandura,1994), 

confidence in their abilities to  fulfil their tasks 
(Bandura, 1997; Pajares, 1996; Zimmerman, 2000) 

even within the online context. 
Another correlation is given by EV1 Google Forms 

- easy to use / RV5 Don't get bored / it's funny; EV3 

Wordwall; -easy to use / RV1 Open to new methods. 
Our analysis shows that these three correlations 

explored the benefits of online assessment from a 
pedagogical point of view, focusing on: learning 

motivation, opening students to new methods, 

students' ability to learn easily, to memorize, etc., by 
reporting on how students perceive assessment tools 

(Google Forms and Wordwall). Thus, a friendly 
interface can induce the joy of participating in a 

competition for the students. The other correlations 
show that the ease with which one uses a tool can 

eliminate the part of boredom from a classic form of 

evaluation. Moreover, this new form is associated with 
a fun activity. It was found that the preference for 

online assessment is also associated with learning 
motivation. All this explains why students are open to 

new methods of assessment. 

For the second analysis (Fig. 2b) there are several 
correlations identified between the two variables. The 

one that tends towards the perfect collinearity of 
vectors is the one between EV2-Google Forms - 

interface too hard to use / RV3-Concerns regarding 

the internet connection. The following three 
correlations are significant by the angle made by the 

two vectors of the variables (they were read 
clockwise). The first one, EV1- Google Forms - user 

unfriendly interface / RV7- The surprise of an 
unannounced quiz. Second one, EV4-Wordwall- 

unfriendly user / RV2-Time to short. Third one, EV3-

Google forms - lack of animations and video images / 
RV1-Don't like online evaluation. 

The interdependence relationship between EV1- 
Google forms- user friendly interface/RV7- The 

surprise of an unannounced quiz makes us aware of 

the emotional function which can have either a 
pozitive or negative contribution upon the school 

proficiency (Doğan, 2016). Although the students 
were at home, in a familiar environment for them, far 

from teachers or peers, the unannounced quizzes still 
had an  important emotional impact on them. The 

emotion management, the building of the students  

self-confidence, the psychological dimension of 
evaluation are just a few of the  main aspects we 

should consider when speaking about online learning.  
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The interdependence relationship EV1 Google 

Forms- easy to use/RV5 I don`t get bored/it`s funny, 

according to Carter (2013), using Google forms in the 
classroom made the assessment process easy. Our 

research also emphasizes the positive impact on our 
students taking into account the fact that they don`t 

get bored, most apps are tools which support the 

motivation (Diab, 2019) of those students who were 
not generally interested in getting involved into the 

classroom talks (Wang, 2015). In this analysis group 
it can be seen that it is not the assessment methods 

that are representative of what the students do not 
like, but the technical aspects. What is evident from 

the correlations presented above is the students' 

perception related to concerns regarding the internet 
connection, followed by time too short or the surprise 

of an unannounced quiz. 
This difference in perception in favor of Google 

Forms can be generated by the structure of the 

included items, a greater variety of short answer 
items, multiple choice items, association type items. 

Students have the opportunity to build complex 
answers. Moreover, Google Forms is preferred  

because this tool has a friendly interface that would 
explain an association with an increase in the 

frequency of those who memorize more easily using 

this tool. Google Forms were a very useful tool in 
evaluating the contents of the Earth’s climates 

because it allows the insertion of case studies to 
develop student’s synthesis capacity and the 

formation of transversal geography- biology skills.  

Unlike Google Forms, the Wordwall applied to our 
sample of 85 students included a quiz questionnaire 

template with multiple choice items. Students liked 
Google Forms more than Wordwall because Wordwall 

is an application that does not allow you to combine 

types of items, therefore, the tests can only be very 
short and to the point. This is why students perceived 

time as a problem when using this assessment tool. 
Multivariate statistics has shown us that the 

usefulness of these tools is not negligible in the 
conditions in which the target group continues online 

education for more than a year and the teaching-

learning process must adapt to the current context. 

Conclusions 

Our research started from a working hypothesis to 

demonstrate the links between students' preferences 
for methods used in online assessment, in terms of 

their benefits, and the technical features of the two 

assessment tools used in our analysis - Google Forms 
and Wordwall. The three research methods used, 

Word cloud analysis, simple statistical analysis and 
multivariate statistical analysis, have shown that the 

working hypothesis is confirmed. Thus, significant 
correlations were identified between the response 

and explanatory variables. The obtained results 

allowed the identification of the answers to the two 

research questions. On the first question: How do 

students perceive this new form of assessment - 
online assessment, the results showed that although 

students are open to new methods, more than half 
would not give up the classic assessment. Students 

acknowledge the benefits of online evaluation such as 

results/score immediately, don't get bored / it's funny, 
enjoy the competition but the aspects related to the 

evaluation time, the stability of the internet 
connection, etc. should not be neglected at all. The 

results of the research showed that students prefer 
Google Forms because some technical aspects, such 

as the friendly interface or easy to use, have 

considerably influenced their perception. Teaching 
and evaluation through applications developed in the 

online environment are starting to become more and 
more used tools in Romanian schools. Online 

evaluation remains an alternative during this period. 
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