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Abstract 

Water samples for chemical analyses have been collected from impenetrable karst springs and from water flows 
intercepted by caves within the area of Sohodol valley. The analyzed inorganic constituents were noticed to belong 
to two distinct categories. One category included solutes of variable concentrations, likely related to local 
allochtonous inputs (Al, NO3) and to local occurrences of decaying organic matter (PO4, NO3), such solutes being 
hence irrelevant in terms of regional patterns of rock weathering. The other category of solutes (Ca, Mg, Na, K, Sr, 
Ba, Rb, Fe, HCO3 and SiO2) proved to have concentrations that did not differ between two interconnected water 
flows (e.g., impenetrable karst springs that discharged from a common water body; a cave stream connected to an 
impenetrable karst spring). Accordingly, the concentrations of this second group of constituents represented reliable 
chemical fingerprints of a particular karst watershed. And implicitly, water flows having contrasting concentrations 
of such solutes were conjectured to belong to distinct karst watersheds, which likely differed in terms of chemical 
composition of the karstifiable rocks, and/or of the impervious rocks which provided allochtonous recharge to the 
concerned karst drainage systems. 
Keywords: groundwater chemistry, karst spring, karst watershed, natural tracer, Sohodol valley 

 

Introduction 

In a karst region, distinct occurrences of flowing 
underground water may significantly differ from each 
other in terms of their content of dissolved inorganic 
constituents. Such differences are mainly lithologically-
controlled, because: (i) karst aquifers can extend over 
domains which include various types of soluble rocks 
(limestone, dolomite, evaporites); (ii) allochtonous 
recharge may originate in non-karstifiable rocks having 
lithologies that can also differ from one supply area to 
another. Several works (e.g., Díaz-Puga et al., 2016; Han 
& Liu, 2004; Karimi et al., 2005; Katsanou et al., 2017; 
Petelet et al., 1998) have illustrated how karst 
groundwater compositions mirrored the weathered rock 
formations various lithologies. 

However, no previous studies seem to have 
considered chemical indicators in order to diagnose 
whether distinct sampling sites in a karst area were 
actually hydrologically linked - or not - to each other. We 

consequently attempted to investigate if the dissolved 
inorganic constituent contents of certain karst water 
flows displayed similarities consistent with actual hydro-
logical connections existing between the concerned 
sampling sites.  

Our study has focused on a rather small region, where 
there were concentrated (Iurkiewicz & Mangin, 1994) a 
large number of impenetrable karst springs (both 
perennial and temporary), as well as caves intercepting 
underground streams. 

We have considered simultaneously sampled 
occurrences of underground water flows and tested if 
most of their dissolved inorganic constituents (minor 
elements included) displayed similar concentrations. 
When the degree of similarity was accordingly assessed 
for the overall inorganic solute contents, two distinct 
types of settings appeared to be relevant: (a) one 
impenetrable spring being compared to another; (b) an 
impenetrable spring being compared to a possibly 
connected cave water occurrence. For each of those two 
settings, the contrasting behavior that a few solutes 

https://creativecommons.org/licenses/by-nc-nd/4.0/
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displayed with respect to the remaining majority was 
suggestive of local physico-chemical processes operating 
in the underground. 

It was eventually possible to discriminate in this way 
between (at least) two large-scale watersheds, each of 
them discharging by outlets that displayed distinctive 
chemical signatures. 

Physiographic, geologic and hydrogeological 
setting 

Sohodol is one of the main streams flowing on the 
southern slopes of Vâlcan mountains (the South 
Carpathians range). Within the mountains domain (1600-
300 m altitude), the stream catchment extends over 
almost 120 km2. About two thirds of this surface, mainly 

at the headwaters of Sohodol trunk stream and of its 
tributaries (Fig. 1a), are occupied by metamorphic and 
granitic terrains of Precambrian and Paleozoic age (Stan 
et al., 1979). A Mesozoic cover, consisting mainly of 
Dogger-Aptian carbonate rocks, underlain by a thin 
siliciclastic formation of Early Jurassic age, occupies most 
of the remaining one third of the catchment. The several 
hundred meters thick carbonate series is partly overlain 
by Middle-Late Cretaceous clastics. Still the Dogger-
Aptian limestones and dolomites are encountered not 
only below that Late Cretaceous cover, but also thrust 
above it, forming the so-called Cerna Nappe (Stănoiu et 
al., 1997). In some places, uplifted bodies of granitic and 
metamorphic formations also interrupt the lateral 
continuity of the carbonate rocks blanket. 

 

Figure 1. Location of the investigated area: a. Whole catchment of Sohodol valley within the mountains domain 
(geological background compiled, in a simplified form, from Pop, 1973, and Stan et al., 1979); b. Detail (area 
bordered by dashed line in panel a) illustrating the type and location of the groundwater sampling sites; c. 
Position of Sohodol catchment within Romania

Our study has addressed a carbonate rocks domain 
which extended within the median section of Sohodol 
catchment (Fig. 1 a, b). A distinctive feature of the 
considered limestone area is given by the presence of 
three abundant perennial karst springs. They are 
distributed along the Sohodol stream course, just 200-

500 m away from each other. Two of the springs, 
Pătrunsa and Picuiel, are located on the right side of the 
valley, while the third one, Valea Rea, is located on the 
left side (Table 1, Fig. 1b). All three outflows were 
conjectured by Iurkiewicz & Mangin (1994) to be 
discharges of a single karst drainage system. A fourth, 



Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XXII, Issue 2 (December 2023), pp. 113-124; DOI: 10.5775/fg.2023.2.3602 

115 

temporary spring, Prilejele, is positioned further 
upstream (600 m ca.) on the right side of Sohodol, and it 
was inferred by the indicated authors to act as an 
overflow of the karst network which supplied the three 
above-mentioned perennial springs.  

An artificial tracer test (Iurkiewicz & Mangin, 1994) 
has substantiated the interconnection between Pătrunsa 

and Picuiel springs, indicating that both of them were 
partly supplied by Gropu Sec swallet (Fig. 1a). Still, no 
tracer evidence was so far provided about the 
involvement of Valea Rea perennial spring and of Prilejele 
temporary spring in the same underground drainage 
system.

Table 1. The sampling sites within the investigated karst area of Sohodol valley 

Side of 
Sohodol 

Type Name Latitude N Longitude E Elevation 
(m a.s.l.) 

Estimated 
flow rate* 

(L/s) 

right 

impenetrable 
perennial spring 

Picuiel 45°10'37.97" 23° 7'59.02" 425 100-200 

Pătrunsa 45°10'44.40" 23° 7'56.43" 430 100-500 

impenetrable 
temporary spring 

Prilejele 45°11'3.66" 23° 7'59.04" 445 0-400 

cave intercepting 
an underground 

flow 

Picuiel** 
(2114/15 - Peştera de 
la Picuiel)*** 

45°10'38.02" 23° 7'58.44" 437 n.e. 

Pătrunsa** 
(2114/4 - Peştera de 
la Pătrunsa)*** 

45°10'44.67" 23° 7'56.05" 460 n.e. 

Contu** 
(2114/14 - Peştera de 
la Contu)*** 

45°12' 6.69" 23° 7'54.81" 510 0-50 

left 

impenetrable 
perennial spring 

Valea Rea 45°10'24.04" 23° 8'9.83" 410 80 

cave intercepting 
an underground 

flow 

Valea Rea** 
(2114/5 - Peştera de 
la Gura Văii Rele)*** 

45°10'23.14" 23° 8'10.80" 415 n.e. 

*      - according to Iurkiewicz and Mangin (1994) 
**    - the indicated coordinates correspond to the cave entrance 
***   - official code and name, according to the national caves inventory (Goran, 1982) 
n.e. - not estimated  
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Figure 2. Pătrunsa cave map. A. Horizontal plane view. B. Cross-section as othogonal projection on a W-E direction 

 
Both Pătrunsa and Picuiel impenetrable perennial 

springs have in their proximity a cave that possibly 
intercepts the corresponding water discharges. The cave 
located close to Pătrunsa spring (Belecciu, 1987; 
Constantinescu, 1975) is 0.4 km long (Fig. 2), while the 
cave located close to Picuiel spring (Sencu, 1972) was 
currently explored on about 0.6 km length (Belecciu et 
al., 1983; Besesek, 2023). Each cave is designated by the 
name of the nearby impenetrable spring (Table 1, Figs. 2, 

3). The corresponding cave maps, devised in 2023 for the 
present research purpose, include only the cave areas 
extending next to the sampling sites (namely a lake, pool 
or sump inside the cavity, as well as the springs outside). 
Cross-sections were represented as orthogonal 
projections, in order to indicate the relative position of 
the outside spring with respect to the water sampling site 
inside the cave.

 

Figure 3. Picuiel cave. Entrance area map. A. Horizontal plane view. B. Cross-section as othogonal projection on a W-
E direction 

A series of other sites, besides the previously 
indicated ones, are possibly related to the underground 
drainages addressed in the study of Iurkiewicz & Mangin 
(1994), who however did not dedicate a detailed 
discussion to those sites. Our geochemical survey 
therefore included also such objectives of potential 
interest, namely (Table 1, Fig. 1b): 

- Valea Rea cave. It is a 0.7 km long, permanently 
outflowing stream cave (Belecciu et al., 1983; 

Constantinescu, 1975; Rădulescu, 1992). Its entrance is 
located very close to the previously mentioned Valea Rea 
impenetrable spring and 5 m above it (Fig. 4). No 
inferences have been made so far about possible 
relationships between the stream intercepted in the cave 
and the nearby spring discharge. The preparation of the 
map in Fig. 4 followed the same principles as those 
previously indicated for the maps in Figs. 2 and 3.
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Figure 4. Valea Rea cave. Entrance lake area map. A. Horizontal plane view. B. Cross-section as othogonal projection on 

a NNW-SSE direction 

 

Figure 5. Contu cave map. a. Horizontal plane view. b. Cross-section as othogonal projection on a NNW-SSE direction
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- Contu cave. Its entrance is located (Sencu, 1972) on 
the right side of Sohodol, about 2 km upstream Prilejele 
temporary spring. Most of the cave passages are 
permanently flooded, having been only recently explored 
(since 2021) by diving (Besesek, 2023). The entrance 
passage displays a typical estavelle behavior: during 
draught periods, the passage receives partial water losses 
from Sohodol surface stream and conveys them for about 
300 m, to the junction with a major underground course 
(Fig. 5); but during floods, the same entrance passage 
acts as an overflow, conveying to the cave opening the 
main underground course excess flow, which cannot 
drain through the most downstream section of the cave. 
The presently surveyed cave length totals almost 0.7 km, 
and the major underground course exploration, both 
downstream and upstream the junction with the 
entrance passage, is currently under way. 

Materials and methods 

In the framework of the present study water samples 
have been collected from all the above-indicated sites 
and the samples chemical composition was analyzed in 
terms of major and minor constituents. Based on the 
analyses results, we attempted to outline chemical 
signatures possibly associated with previously proven – 
or just supposed - hydrological connections. In addition, 
we aimed to identify chemical constituents that could 
exhibit significant concentration differences between the 

impenetrable perennial springs and the related water 
occurrences intercepted in the nearby caves. Such 
differences might point to physico-chemical processes 
locally operating in the spelean environment. 

Samples collection and analysis 

The water samples for chemical analyses have been 
collected on two distinct instances (Table 2): 

- during a period of relatively low discharge (29 
October 2022), when the main stream of Contu cave, as 
well as the major impenetrable perennial springs 
Pătrunsa and Picuiel were sampled; 

- about one month later (26 November 2022), when 
ensuing to a rainfall event, discharges had significantly 
increased comparatively to the previous instance; this 
latter sampling operation has covered each of the major 
impenetrable perennial springs Pătrunsa, Picuiel and 
Valea Rea, together with their nearby caves, as well as 
Prilejele impenetrable temporary spring. 

The concentrations of the major and minor chemical 
constituents were determined in the Hydrogeochemistry 
Laboratory of the “Emil Racoviţă” Institute of Speleology 
in Bucharest, in accordance with the procedures 
described by Mitrofan et al. (2019). The analytical 
uncertainty estimation was performed in compliance 
with the ISO 11352:2012 standard. The analyses results 
are indicated in Table 2.  

Table 2. Chemical analysis results for ground water samples collected in the Sohodol valley karst area 

Side of 
Sohodol 

sampling site samp
ling 
date 

pH conductivit
y 

Na K Ca Mg HCO3 NO3 SiO2 PO4 Sr Ba Rb Fe Al 

µS/cm mg/L µg/L 

Right  

Pătrunsa 
impenetrable 
perennial spring 

29 
Oct 
2022 

5.99 209.5 1.504 0.630 41.61 2.63 123.6 1.71 8.01 20.7 35.9 bql 0.626 77 10.1 

Picuiel impenetrable 
perennial spring 

6.20 209.9 1.516 0.644 40.16 2.66 120.1 1.74 8.13 bql 35.6 bql 0.657 78 7.5 

Contu cave  6.08 202.3 1.532 0.703 39.52 2.72 111.4 0.78 7.97 bql 37.9 bql 0.710 71 bdl 

Pătrunsa 
impenetrable 
perennial spring 

26 
Nov 
2022 

6.02 206.4 1.015 0.490 45.66 3.27 152.7 1.46 6.37 16.1 30.4 bql 0.539 124 60.4 

Pătrunsa cave 5.85 204.3 1.040 0.512 45.29 3.25 141.1 1.61 6.37 19.9 30.1 bql 0.542 111 34.8 

Picuiel impenetrable 
perennial spring 

5.91 207.9 1.025 0.488 44.91 3.22 138.2 1.60 6.35 16.2 29.9 bql 0.523 125 50.7 

Picuiel cave 6.05 214.3 1.041 0.495 45.13 3.21 145.6 2.11 6.18 21.9 30.7 bql 0.506 127 47.5 

Prilejele 
impenetrable 
temporary spring 

6.57 200.0 0.987 0.473 44.89 3.20 142.2 1.67 6.11 bql 28.9 bql 0.523 128 62.3 

Left  

Valea Rea 
impenetrable 
perennial spring 

6.17 324.7 0.755 0.455 74.42 1.98 216.8 2.63 5.44 18.8 46.5 7.76 bql 156 bql 

Valea Rea cave 6.29 255.4 0.936 0.470 58.31 1.87 166.9 2.03 6.07 16.8 40.3 9.68 bql 121 13.5 

bql – below quantification limit 

bdl – below detection limit 

Data processing 

We expected that if two sampling sites displayed 
similar concentrations for most of the analyzed solutes, a 
hydrologic link most probably existed between those 
sites. Therefore, our first step was to compare the overall 

chemical composition between pairs of samples 
concomitantly collected from sites presumed to be 
hydrologically linked to each other. To this purpose, the 
concentrations of all analyzed constituents (minor 
elements included) were simultaneously plotted for such 
pairs of sampling points. In the corresponding diagrams 
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there were not included concentration values which, for 
a given solute, fell below the quantification limit. 

Next, the absolute difference between the 
concentrations that each specific constituent displayed in 
the two considered sites was normalized with the 
average of the two concerned concentrations. Then this 
normalized difference was compared (on the same 
diagram) with the normalized analytical uncertainty that 
corresponded to the concerned constituent. If the 
normalized difference did not exceed the normalized 
analytical uncertainty, there was assumed that the 
concerned solute concentrations were similar at the two 
sites; otherwise, the concentrations were considered to 
differ from one site to the other. 

Results and interpretation 

The previously described data analysis was conducted 
for two distinct settings, which will be next addressed in 
detail: (a) one impenetrable spring being compared to 
another; (b) an impenetrable spring being compared to a 
possibly connected cave water occurrence. Contrasting 
behaviors that a few constituents displayed, in each case, 
with respect to the majority of the remaining 
components will also be discussed, together with 
possible causes of such discrepancies. 

Examples of one impenetrable spring compared to 
another 

We expected the most eloquent results to be 
provided by the perennial springs Pătrunsa and Picuiel, 
which according to the artificial tracer test published by 
Iurkiewicz and Mangin (1994), discharged from a 
common karst drainage body, partly supplied by Gropu 
Sec swallet (Fig. 1a).  

 

 

Figure 6. Comparison between the chemical 
compositions of Pătrunsa and Picuiel 
impenetrable perennial springs. a. Sampling on 
29 October 2022. b. Sampling on 26 November 
2022 

 
The diagram which comparatively illustrates the 

chemistry of the Pătrunsa and Picuiel samples collected 
in October 2022 (Fig. 6a) shows that, as anticipated, 
almost all analyzed constituents had quite similar 
concentrations. This circumstance was eloquently 
mirrored by the fact that for most solutes, the 
concentration difference between the sampled sites was 
smaller than the analytical uncertainty corresponding to 
the concerned constituent. There was nonetheless 
recorded a slight Al enrichment displayed by Pătrunsa 
spring: since this element is considered (Cholet et al., 
2019; Vesper & White, 2003) an indicator of the amount 
of allochtonous clay and silts conveyed by infiltration 
waters, such sediments must have been less abundant in 
Picuiel outflow. In addition, the PO4 concentration in 
Pătrunsa exceeded (in contrast to the Picuiel 
concentration) the quantification limit: this could indicate 
a more significant contribution from animal bone 
remains leaching in Pătrunsa than in Picuiel. 

Next we checked if the samples collected from Picuiel 
and Pătrunsa springs in November 2022 were chemically 
similar to each other, too, thus mimicking the situation 
recorded in October 2022. Fig. 6b indicates that this was 
indeed the case, with, moreover, no constituent 
concentration difference exceeding, on that sampling 
date, the corresponding analytical uncertainty.  
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Figure 7. Comparison between the chemical 
compositions of: a. Pătrunsa impenetrable 
perennial spring and Prilejele impenetrable 
temporary spring. b. Picuiel impenetrable 
perennial spring and Prilejele impenetrable 
temporary spring. Sampling on 26 November 
2022 

 
An additional, temporary outflow of the aquifer 

discharging by Picuiel and Pătrunsa springs was assumed 
(Iurkiewicz & Mangin, 1994) to be the impenetrable 
temporary spring Prilejele. The latter had been sampled 
only in November 2022, so its water was compared with 
the simultaneously collected Pătrunsa and Picuiel spring 
waters (Figs. 7a and 7b, respectively). The overall 
chemical similarity with each of those two perennial 
springs is very good; thus, the inference that Prilejele is 
acting as a temporary overflow for the underground 
drainage directed to Pătrunsa and Picuiel springs was 
confirmed. It is nonetheless worth mentioning that the 
PO4 concentration in the Prilejele overflow spring was 
lower than the quantification limit: this circumstance 
could indicate that no penetrable cave conduits are 
associated to this outlet, in contrast to the Pătrunsa and 
Picuiel outflows; in the two latter cases, bone remains in 
the nearby - and likely connected - caves (Picuiel and 
Pătrunsa respectively) could explain the quantifiable PO4 
concentrations recorded in the impenetrable springs. 

 

 

Figure 8. Comparison between the chemical 
compositions of: a. Valea Rea and Pătrunsa 
impenetrable perennial springs. b. Valea Rea and 
Picuiel impenetrable perennial springs. Sampling 
on 26 November 2022 

 
Valea Rea impenetrable perennial spring, which is 

located on the left side of Sohodol valley, has been 
assumed as well by Iurkiewicz & Mangin (1994) to 
discharge from the same aquifer as the springs Pătrunsa 
and Picuiel, that however are positioned on the valley 
right side (Fig. 1b). But the chemical comparison with 
those two outlets (Figs. 8a and 8b respectively) does not 
seem to support the conjectured hydrological 
connection: there are only a few chemical constituents 
(K, SiO2, PO4) for which the concentrations difference 
between each pair of considered sampling sites is smaller 
than the analytical uncertainty; whereas the 
concentrations of all other constituents are, in Valea Rea 
spring, significantly different from the concentrations 
recorded in either Picuiel, or Pătrunsa springs. In 
particular, two elements deserve to be mentioned:  

- Rb, which was detected in quantifiable 
concentrations in Picuiel, Pătrunsa and Prilejele springs 
(Table 2, Fig. 6, and 7), but below quantification limit in 
Valea Rea spring (Table 2, Fig. 8);  

- Ba, which, in contrast, occurred in concentrations 
lower than the quantification limit in Picuiel, Pătrunsa 
and Prilejele springs, but was quantifiable in Valea Rea 
spring (Table 2, Fig. 8). 

This distinction in terms of Rb and Ba concentrations 
between karst drainage systems located on the right side 
of Sohodol valley, and flow systems on the valley left 
side, was confirmed also by the chemical analysis of the 
underground streams in the caves Contu and Valea Rea 
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(Table 2). Hence Rb and Ba seem to behave, in the 
considered karst area of Sohodol catchment, as natural 
tracers, able to discriminate between distinct karst 
catchments. Overall, these results strongly suggest that 
the karst drainage system discharging by Valea Rea 
impenetrable spring is completely different from the one 
which discharges by Picuiel and Pătrunsa impenetrable 
springs. 

Examples of an impenetrable spring compared to a 
possibly connected cave water occurrence 

The most likely connections of this type were 
anticipated to exist between each of the caves Pătrunsa, 
Picuiel and Valea Rea, and the corresponding 
impenetrable perennial springs that discharged below 
their entrances. 

The only water occurrence in Pătrunsa cave is within a 
shaft that pierces the cave floor, including the 
accumulated sediments (Fig. 2). The shaft is possibly 
supplied from its clay-coated bottom, as well as by a 
trickle coming from one of the walls. Overall, the shaft 
behavior reminds that of a “piezometer” which 
intercepts the underlying flow that discharges via the 
nearby Pătrunsa impenetrable spring. The chemical 
composition of the quasi-static water column in that 
shaft is largely similar to the spring water (Fig. 9a), except 
for Al. As already mentioned, this element is associated 
to allochtonous clay and silts flushed from the infiltration 
zone (Cholet et al., 2019; Vesper & White, 2003); such 
sediments are expected to be more abundant in the 
flowing spring water than in the quasi-stagnant 
piezometer pool - an instance that could explain the Al 
depletion of the water in the cave. A slight enrichment in 
PO4 with respect to the spring discharge is possibly due 
to the contribution of seepage water leaching animal 
bones buried in the sediments that build up the shaft 
walls. 

For the underground course intercepted in Picuiel 
cave (Fig. 3), most solutes displayed concentration values 
that were similar to those of the nearby Picuiel spring 
water (Fig. 9b), being accordingly suggested that the two 
flows were indeed interconnected. Still the cave stream 
was slightly enriched in PO4 (probably ensuing to leaching 
of animal bones preserved in the spelean environment) 
and in NO3 (derived most likely from organic matter 
present in cave passages). 

 

 

Figure 9. Comparison between the chemical 
compositions of water: a. in Pătrunsa 
impenetrable perennial spring and in the nearby 
Pătrunsa cave. b. in Picuiel impenetrable 
perennial spring and in the nearby Picuiel cave. 
Sampling on 26 November 2022 

 
We next compared Pătrunsa and Picuiel springs 

samples with samples concomitantly collected from the 
more distant Contu cave: this cavity is located relatively 
close to the Sohodol streambed, on the right side of the 
valley, some 3 km upstream Picuiel and Pătrunsa 
perennial springs (Fig. 1b). At the sampling date (29 
October 2022), the entrance passage of Contu cave 
behaved as a swallet: it conveyed a small fraction of 
Sohodol stream toward the major underground course 
that was intercepted about 300 m inside the cave. The 
water sample has been collected from that major 
underground course, upstream its junction with the 
entrance passage (Fig. 5).  

It can be noticed that the concentration values which 
the major stream course in Contu cave displayed for most 
solutes were quite similar to those of Pătrunsa and 
Picuiel springs (Figs. 10a and 10b, respectively). 
Accordingly, it was suggested that the stream intercepted 
in the cave supplied those two outlets, and that the 
water experienced virtually no chemical changes along 
the flow path which extended between the sampling 
point in the cave and the outflow sites. 

It is nevertheless worth mentioning that as compared 
to the Contu cave stream, both major impenetrable 
perennial springs were significantly enriched in Al and 
NO3. These two constituents are considered fingerprints 
of allochtonous recharge (Caetano Bicalho et al., 2012; 
Celle-Jeanton et al., 2003; Cholet et al., 2019; Lastennet 
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& Mudry, 1997; Mudarra et al., 2014): therefore, their 
excess concentrations in the Pătrunsa and Picuiel springs 
suggest that the latter include, as compared to the main 
stream course of Contu cave, a significant additional 
fraction of relatively recently infiltrated water. On the 
other hand, PO4 concentrations in Contu cave were 
below quantification limit, in contrast to the 
corresponding concentrations simultaneously recorded in 
Pătrunsa spring. There can be consequently conjectured 
that unlike the Pătrunsa outflow area, virtually no animal 
bone remains were leached by the main stream in Contu 
cave. 

 

 

Figure 10. Comparison between the chemical 
compositions of: a. Pătrunsa impenetrable 
perennial spring and the main stream in Contu 
cave. b. Picuiel impenetrable perennial spring 
and the main stream in Contu cave. Sampling on 
29 October 2022 

 
A considerably different image was obtained (Fig. 11) 

when the stream flowing through Valea Rea cave (Fig. 4) 
was compared, in terms of chemical composition, with 
the Valea Rea impenetrable perennial spring that 
discharged below. There can be noticed that both flowing 
water occurrences displayed the common signature 
specific to the karst watershed of the Sohodol left side 
(Rb below quantification limit, and Ba above that limit – 
Table 2) in terms of the natural tracers Rb and Ba. But in 
spite of that, less than half of the quantified constituents 
(namely PO4, K, Mg, SiO2) had similar concentrations in 
the two sampling sites. The other solutes’ concentrations 
differed between the cave stream and the impenetrable 
spring; yet except for Al, the differences only slightly 

exceeded the analytical uncertainty. It was accordingly 
suggested that although a rather similar chemical pattern 
was associated both to the Valea Rea impenetrable 
spring, and to the Valea Rea cave stream, still no direct 
hydrological connection existed between those two 
water flows. 

 

 

Figure 11. Comparison between the chemical 
compositions of Valea Rea impenetrable 
perennial spring and of the stream in the nearby 
Valea Rea cave. Sampling on 26 November 2022 

Discussion and conclusions 

Intuitively, hydrological connections had been 
assumed to exist between various karst water 
occurrences (major impenetrable springs, caves 
intercepting underground flows) situated along Sohodol 
valley. Yet so far, only one such link has been confirmed 
by an artificial tracer test (Iurkiewicz & Mangin, 1994), 
being accordingly indicated that a common drainage 
body discharged by both Pătrunsa, and Picuiel 
impenetrable perennial springs. We expected that in such 
a case, the hydrologically connected water discharges 
must have quasi-identical chemical compositions. And 
indeed, the present study has shown that for most 
analyzed solutes (Ca, Mg, Na, K, Sr, Rb, Fe, HCO3, SiO2), 
the normalized concentration difference between 
samples simultaneously collected from the two indicated 
outflows was smaller than the normalized analytical 
uncertainty.  

The same pattern has been recorded when samples 
collected from Pătrunsa and Picuiel springs were 
compared to a sample concomitantly collected from the 
impenetrable Prilejele temporary spring: it was thus 
confirmed the assumption (Iurkiewicz & Mangin, 1994) 
that Prilejele acted as a temporary overflow for the karst 
drainage system that discharged by Pătrunsa and Picuiel 
outlets. 

Moreover, the underground flows intercepted in the 
caves that adjoined each of the impenetrable springs 
Pătrunsa and Picuiel had the same concentrations of Ca, 
Mg, Na, K, Sr, Rb, Fe, HCO3, SiO2 as the corresponding 
spring waters. And even the major stream intercepted in 
the more distant (~ 3 km away) Contu cave displayed for 
the indicated solutes similar concentrations, being thus 
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suggested an underground hydrological connection with 
Pătrunsa and Picuiel springs. 

Al, PO4 and NO3 are the only chemical constituents for 
which the normalized difference between the 
concentrations recorded at the above-indicated sampling 
sites occasionally exceeded the normalized analytical 
uncertainty. Since Al prevalently derives from flushed 
particles of clay and silt, the Al concentration contrast 
between two sampling sites enables to qualitatively 
differentiate the amounts of allochtonous infiltration that 
reaches each site. PO4 is related to animal bones 
leaching, hence correspondingly recorded concentration 
differences can be linked to the abundance of such 
remains in caves connected to the sampled water 
occurrences. As for NO3 concentration dissimilarities, 
they likely mirror the contrasting amounts of decaying 
organic matter leached by the concerned water flows.  

It hence results that Al, PO4 and NO3 contents are not 
relevant in terms of chemical signatures due to regional 
rock weathering. In this respect, it is worth mentioning 
that in contrast to the behavior displayed by all above-
mentioned sampling sites (each of them located on the 
right side of Sohodol valley), the Ca, Mg, Na, Sr, Ba, Rb, Fe 
and HCO3 concentrations of Valea Rea perennial spring 
(situated on the valley left side), differed from the 
corresponding concentrations simultaneously recorded 
either at Pătrunsa, or at Picuiel springs: it is thus 
indicated that rock weathering processes which operate 
within the Valea Rea spring watershed are imposing a 
chemical signature that is clearly distinct from the 
signature displayed by the karst system which discharges 
by Pătrunsa and Picuiel springs. This instance implicitly 
suggests that - contrary to the assumption of Iurkiewicz 
& Mangin (1994) - the karst system discharging by Valea 
Rea spring is not hydrologically connected the one 
associated to the springs Pătrunsa and Picuiel. On the 
other hand, differences in terms of Ca, Na, Sr, Ba, Fe and 
HCO3 contents are also recorded between Valea Rea 
spring itself, and the stream intercepted in Valea Rea 
cave, that is located in close proximity, on the same side 
of the Sohodol valley.  

According to the geological information which is 
currently available for the considered karst region (Pop, 
1973; Stan et al., 1979), the same Dogger-Aptian 
carbonate formation and underlying Early Jurassic 
siliciclastic rocks are encountered on both sides of 
Sohodol valley (Fig. 1a). And as well, no significant 
differences are reported to exist between the left and the 
right sides of the valley in what concerns the 
metamorphic and granitic basement formations which 
underlie the Mesozoic sediments. Yet the present 
groundwater chemistry results suggest that some 
formerly unidentified contrasts must exist between the 
right and left sides of Sohodol valley, in terms of chemical 
composition of the karstifiable rocks, and/or of the 
impervious rocks which provide allochtonous recharge to 
the concerned drainage systems. Ba and Rb appear to be 

outstandingly relevant for the distinction existing 
between karst watersheds on the right and left sides of 
Sohodol valley: Ba concentrations are below 
quantification limit in groundwater samples collected 
from the right side, but above quantification limit in 
samples collected from the left side, while Rb behavior is 
exactly opposite. 

The chemistry differences recorded between the 
impenetrable Valea Rea spring and the stream in the 
nearby Valea Rea cave suggest that even on the same 
side (left) of Sohodol valley, two distinct karst drainage 
systems have developed relatively close to each other, 
each of them displaying distinct chemical fingerprints. 
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Abstract 

Maize, the most important cereal crop at global level, is a climate-sensitive plant. Consequently, the changes of the 
key meteorological parameters, namely temperature and precipitation amount, determine low yields, especially in 
rain-fed regions. The dependency of maize yield on climate conditions was assessed based on monthly values of the 
considered meteorological parameters (data from 14 meteorological stations for the period 1990-2021). The mean 
values of the analysed interval generally reveal proper conditions for the development of maize. However, starting 
with June until September, mean temperatures are 1 to 2°C above the optimum thermal threshold, as mentioned in 
the specialized literature. The growth degree days index (GDD) emphasizes Oltenia as a region with a very good 
thermal potential for maize, all mean values exceeding 1600°C, but the southwestern sector of the plain area has 
already exceeded 2000°C, underlining the increase in heat stress. The water deficit generates dry conditions, 
especially in Mehedinți, Dolj, and Olt, mainly in the interval July-August, which also corresponds to the maximum 
water requirements of maize. Drought prone areas were determined based on Selyaninov’s hydrothermal coefficient 
(HTC), which indicates slightly dry conditions in the growing season in the plain area, while northwards, in the 
piedmont and Subcarpathians, the climate is slightly humid, respectively moderately humid, drought risk decreasing 
gradually in this direction. At monthly level, August is the most problematic period as, except the northeastern part 
(Polovragi and Râmnicu Vâlcea), the entire region displays dry, moderately dry, and slightly dry conditions. The 
lowest maize yields correspond to the years 1993, 2000, 2002, 2007, and 2012. If in the first three years, the drastic 
yield reduction was mostly determined by a severe water deficit registered during the entire life cycle of the plant, in 
the last two years, the main restrictive factor was represented by temperature, mean monthly values exceeding 
27°C and mean maximum values 35°C, especially in the plain area. Taking into account the projected increase in 
temperature and water deficit, the impact of climate conditions on maize crops may also be gradually higher in 
Oltenia and certain adaptation measures should be taken. 
Keywords: temperature, precipitation deficit, maize, yield, Oltenia 

 

Introduction 

Maize (Zea mays L.) represents the most important 
cereal crop, the first in terms of production, according to 
FAO (2022). In 2021, at global level, maize production 
reached 1,210,235 thousand tons (on average 5,878 
kg/ha), 141,847 thousand tons being produced in 
Europe, and 14,820 thousand tons in Romania (FAOSTAT, 
2023). Worldwide, maize production comes second after 
sugar cane and it registered a gradual increase during the 
last 20 years, three times faster than that of wheat or 
rice, mainly due to its wide range of uses – food and feed, 
ethanol fuel production, livestock fodder, etc. (Erenstein 
et al., 2022). This is possible as maize is a crop 
characterized by a great phenotypic plasticity (Liu et al., 
2021), which enables its production in a wide range of 
conditions – from 50°N to about 45°S (Vâtcă et al., 2021), 
from 0 to over 3800 m.a.s.l. (Ramirez-Cabral et al., 2017), 
and in different climates. However, despite the fact that it 
tolerates less favourable climatic conditions, including 
hot and dry periods, yield drastically decreases under 

such circumstances, as the metabolic processes of the 
plant are affected.  

Temperature and precipitation amounts registered 
during the growing season are the climatic factors that 
greatly condition maize yield and quality. As a 
thermophilic plant, maize tolerates well high 
temperatures compared to other cereal crops, but its 
productivity is greatly affected by extreme temperatures. 
The optimal thermal conditions depend on the 
phenological phase (germination phase: 15-25°C, leaf 
development: 18-23°C, inflorescence: 18-23°C, flowering, 
which is also considered the critical phase: 18-24°C, fruit 
development: 18-22°C, ripening: 15-16°C) (Vâtcă et al., 
2021), but, generally, values below 10°C and above 32°C 
are detrimental (Bîlteanu et al., 1983; Waqas et al., 
2021). Besides the direct effects on the plant, high 
temperatures also determine the increase of 
evapotranspiration and, thus, the reduction of the 
available water resources, concomitantly with a higher 
plant water requirement (Lobell et al., 2014). The 
optimum rainfall amount for the interval May – August 
ranges between 280 and 380 mm (Muntean et al., 2001), 
but its distribution during the growing season is equally 

https://creativecommons.org/licenses/by-nc-nd/4.0/
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important (Krell et al., 2021). Consequently, as maize is a 
water-sensitive crop (Sah et al., 2020), water deficit (dry 
stress), especially during the critical phenological stages, 
such as flowering, including tasseling, silking and 
pollination, and grain filling, may cause up to 90% yield 
loss (Leng, 2021). Excessive rainfalls also negatively affect 
maize development and yield (wet stress), in regions 
characterized by cooler climate and poorly drained soils 
(Li et al., 2019). 

Climate change is perceived as the greatest threat for 
agriculture as it may determine significant yield 
reduction, mostly induced by punctual extreme weather 
events, as well as important shifts in the crop phenology 
if change becomes persistent. The pressure is even higher 
in those regions where crops entirely depend on climatic 
conditions (with a special emphasis on precipitation 
amounts), the so-called rainfed crops. According to IPCC 
(2021), there were registered significant increases in 
mean temperatures and extreme heat events all over 
Europe, while in terms of precipitation, significant 
positive trends characterized Northern Europe and 
significant negative trends Southern Europe, these 
tendencies continuing in the future as well. Warming 
trends are also projected to continue, Western, Central, 
and Eastern Europe facing an increase between 4 and 6°C 
at a global warming level of 4°C (from 1995–2014 
baseline). Bednar-Friedl et al. (2022) pointed out that, in 
terms of yield reduction, warming greatest impact are 
projected for maize, especially in Southern Europe, 
where there are scarce available water resources. Yield 
losses are, however, projected for entire Europe, namely 
10–25% at 1.5°C–2°C and 50–100% at 4°C global warming 
levels (Feyen et al., 2020). 

In 2022, Romania was the second biggest maize 
producer in EU-27 after France 
(https://ec.europa.eu/eurostat/databrowser/view/apro_
cpnh1/), most of its arable land being favourable for 
maize production. According to specialized literature, the 
plain area is classified as favourable area I, while the 
piedmont area as favourable area II (Bîlteanu et al., 
1983), while Popescu & Popescu (1995) indicate the 
same areas as very favourable, respectively favourable 
area I. The dependency of maize yield on climate 
conditions is emphasized by the production obtained 
during the last two years. In 2021, Romania produced 
14,820 thousand tons, while in 2022, severe drought 
affecting most of the country determined a drastic 
reduction in total production, namely 7,486 thousand 
tons (cultivated surfaces being almost similar), which 
means almost half of the previous year production. 
Taking into account the future warming, as well as the 
increasing water deficit that induces water stress for 
plants (Feyen et al., 2020; Prăvălie et al., 2020), 
Romanian agriculture must adapt. Among the 
documented changes in the determinant climatic 
parameters for maize production, both at national level 
and in Oltenia region, there can be mentioned the 

increase in temperature and potential evapotranspiration 
(Bîrsan et al., 2019; Prăvălie, 2014; Prăvălie et al., 2017; 
Prăvălie et al., 2019), drought (mainly during summer and 
autumn) (Angearu et al., 2020; Cheval et al., 2014; Onțel 
et al. 2021), and aridity (Vlăduț & Licurici, 2020).  

The aims of the present study are: (1) to analyse the 
spatial distribution of temperature and precipitation 
amounts during the growing season; (2) to render the 
impact of temperature increase and precipitation deficit 
on maize yield and determine the contribution of each 
assessed parameter to the yield reduction. 

Material and methods 

Study area and data 

Oltenia is an important agricultural area located in 
southwestern Romania. There is a notable altitudinal 
range, almost 2500 m, between the Danube Floodplain 
and Parângul Mare Peak (Badea, 1983), which induces 
temperature and precipitation differences (mean annual 
temperatures of 12°C in the south and below 0°C at high 
altitudes, respectively mean precipitation amounts of 
about 550 mm in the south and 1000 mm in the north). 
The present study considers the extra-Carpathian region, 
which corresponds to the Getic Subcarpathians, the Getic 
Plateau, and Oltenia Plain. Most of the cereal crops find 
proper conditions in the region. However, southern 
Oltenia, where sands and sandy soils prevail, is 
considered a less favourable region for maize. The study 
is based on the mean monthly temperatures, the 
maximum and minimum mean temperatures, and 
monthly precipitation amounts for the 14 meteorological 
stations located within the region (Table 1, Fig. 1). The 
data cover a period of 32 years (1990-2021) and they 
were provided by the National Meteorological 
Administration (continuous data series with no missing 
values). The statistical data related to the cultivated 
surface and maize yield were provided by the National 
Institute of Statistics (NIS, 2023). 

Table 1: Geographical coordinates of the considered 
meteorological stations 

No. Meteorological 
station 

Altitude 
(m) 

Latitude Longitude 

1. Dr.-Turnu 
Severin 

77 44°38` 22°38` 

2. Calafat 61 43°59` 22°57` 
3. Bechet 36 43°47` 23°57` 
4. Băilești 57 44°01` 23°20` 
5. Craiova 192 44°19` 23°52` 
6. Caracal 106 44°06` 24°22` 
7. Slatina  172 44°26` 24°21` 
8. Bâcleș 313 44°29` 23°07` 
9. Târgu Logreşti 265 44°53` 23°42` 
10. Drăgășani 280 44°40` 24°17` 
11. Apa Neagră 

(Padeș) 
258 45°00` 22°52` 

https://ec.europa.eu/eurostat/databrowser/view/apro_cpnh1/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/apro_cpnh1/default/table?lang=en
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12. Târgu Jiu 203 45°02` 23°16` 
13. Polovragi 531 45°11` 23°49` 
14. Râmnicu 

Vâlcea 
237 45°06` 24°22` 

Note: The meteorological stations are rendered from 
west to east, on landforms (the Danube Alluvial Plain, 
Oltenia Plain, the Getic Piedmont and Subcarpathians)

 

Figure 1: Location of Oltenia Region within Romania and of the considered meteorological stations 

Methods 

The influence of climatic conditions on maize yield is 
rendered by the analysis of different specific indices 
resulting from the thermal and pluviometric 
requirements of the plant. The pluviometric potential is 
assessed based on the precipitation amounts registered 

during the growth cycle (May-August) and the critical 
stage, namely flowering and grain filling (July-August) 
(Table 2). The thermal requirements were also 
considered and they were assessed based on thermal 
thresholds for distinct phenophases (Table 2) and on the 
growth degree days (GDD).  

Table 2: Precipitation and thermal requirements of maize 

Interval 
Precipitation amounts (mm) – thresholds (NMA, 2014) 

Extrem. dry Very dry Dry Optimum Humid Extrem. humid 
April  ˂20 20.1-30 30.1-40 40.1-60 60.1-80 ˃80 
July – Aug.  ˂80 80.1-100 100.1-150 150.1-200 200.1-300 ˃300 

 Dry  Optimum Humid  
May – Aug.  < 280 280-380 > 380 

 Optimum precipitation thresholds by month (mm) (Muntean et al., 2001) 

 May  June  July  August  

 60-80 100-120 100-120 20-60 

 Optimum temperature thresholds (°C) (Vâtcă et al., 2021 apud. Dincă & Moscalu, 1967) 

 April  May  June  July  August  September  

 14-20 16-20 19-21 20-23 19-20 14-17 

 
GDD is calculated according to the following formula: 𝐺𝐷𝐷 = ∑

(𝑇𝑚𝑎𝑥+𝑇𝑚𝑖𝑛)

2
−𝑛

𝑖=1 𝑇𝑏 (1), 
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where Tmax is the daily maximum temperature, Tmin is 
the daily minimum temperature and Tb is the base 
temperature, 10°C in case of maize (Croitoru et al., 2020; 
Vâtcă et al., 2021 apud. Bîlteanu et al., 1974). The index is 
calculated for values above 10°C threshold, which 
generally correspond to the interval April – October. 
Based on GDD, it is considered that values below 800°C 
indicate an area as unsuitable for maize production, 
while values above 1600°C indicate favourability for 
maize production.  

As maize is a crop highly sensitive to hydric stress, 
precipitation deficit was assessed based on Selyaninov’s 
hydrothermal coefficient (HTC) (Selyaninov, 1958). The 
index has the following formula: 

𝐻𝑇𝐶 =
𝑃

∑
𝑇

10𝑇>10

 (2), 

where P is the sum of the precipitation amounts (mm) 
and T is the sum of temperatures (°C). There are 
considered those months with mean temperatures above 
the 10°C threshold, which generally correspond to the 
period of April – October. HTC was applied in different 
studies related to the determination aridity (Cherenkova 
et al., 2013; Chmist-Sikorska et al., 2022; Devyatova et al., 
2022; Gudko et al., 2021; Vlăduţ & Licurici, 2020), or to 
the favourability of climate for the development of 
different plants (Вabushkina et al., 2018; Evarte-Bundere 
& Evarts-Bunders, 2012; Leblois & Quirion, 2013). The 
significance of the HTC values is rendered in Table 3. 

Table 3: Climate classification according to the HTC 

HTC Climate classification 

0.3 Very dry or arid 

0.31-0.60 Dry 

0.61-0.80 Moderately dry 

0.81-1.00 Slightly dry 

1.01-1.20 Slightly humid  

1.21-1.40 Moderately humid 

1.41-1.60 Humid 

>1.61 Very humid 

Source: Vlăduţ et al., 2017 (adapted from Selyaninov, 1930) 

Correlation analysis 

The relationship between the maize yield and the 
climatic indices was also assessed based on Pearson 
correlation coefficient. According to the correlation 
coefficient r, values between +/-0.7 and +/-0.9 indicate 
high positive/negative correlation, +/-0.5–+/-0.7 
moderate positive/negative correlation, +/-0.3–+/-0.5 
low positive/negative correlation, and 0–+/-0.3 negligible 
correlation (Maitah et al., 2021). 

Interpolation 

It is increasingly important to have more accurate 
information regarding the climatic conditions even in 
data-scarce regions. To address this issue, interpolation 

techniques are used to supply meteorological data 
estimates for areas lacking monitoring infrastructure 
(Amini et al., 2019). Interpolation of precipitation and 
temperature data is a common practice for generating 
continuous, spatially-distributed layers, which can be 
used in various applications, including climate modeling 
and agricultural planning (Konca-Kedzierska et al., 2023). 

Oltenia is characterized by a relatively homogeneous 
spatial distribution of the fourteen meteorological 
stations primarily considered for the study. However, the 
evaluation of the rainfall and thermal conditions and of 
their complex effects on maize development and yield, 
requires the generalization of the available data and the 
estimation of the corresponding values within the entire 
region, which covers more than 29,000 km² (NIS, 2023). 

To this end, several key steps have been taken, the 
data generated during the study and further analyzed 
being included in the present paper. In order to achieve a 
more accurate estimation of the climatic characteristics 
of the region, support meteorological stations located in 
the nearest Romanian, Serbian, and Bulgarian areas were 
added to the georeferenced data set already comprising 
the meteorological stations in Oltenia. The available 
rainfall and thermal data, as well as the values 
corresponding to the derived indices were associated to 
the stations in the database. Considering the spatial 
characteristics of the area under study and the attributes 
of the data set, the chosen spatial interpolation routine, 
which uses the Spline regularized method, integrated in 
the ArcGIS Spatial analyst tools, allowed for gap filling of 
missing data in order to analyze long-term effects of 
climatic variables on maize development at regional 
level. 

Results 

Spatial distribution of mean temperature values 
and precipitation amounts: growing season and 
critical months 

The thermal potential of Oltenia region is one of the 
greatest in Romania. The mean annual values for the 
period 1990-2021 range between a minimum of 9.9°C, at 
Polovragi, which is in the submontane area, and a 
maximum of 12.6°C, at Drobeta-Turnu Severin, in the 
south-western part of the region. The mean 
temperatures for the growing season (April-September) 
exceed 19°C in the plain area, reaching even 20°C at 
Calafat, while in the hilly region (the piedmont and the 
Subcarpathians), they vary between 17.5°C and 18.4°C 
(Fig. 2). Lower values are characteristic to the areas 
located in the proximity of the mountains, such as Apa 
Neagră, and at higher altitude, such as Polovragi. In the 
southern and eastern parts of the Subcarpathians, the 
values are generally 1°C below the mean value registered 
in the plain area, this reduced difference northwards 
being induced by the small altitudinal range, as well as by 
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the presence of large valley couloirs, such as the one of 
the Jiu and of the Olt. 

The pluviometric potential of the region is less 
favourable for different crops, mainly in the southern 
plain area. In this respect, the differences between the 
landforms are greater compared to temperature, annual 
precipitation amounts decreasing both eastwards and 
southwards. Thus, the mean precipitation amounts range 
between a maximum of 941.2 mm at Apa Neagră and a 
minimum of 529.1 mm at Bechet. With regard to the 
growing season (April – September), the cumulated 
precipitation amount is between 300 and 360 mm in the 
plain area, the lowest amounts corresponding to the area 
located in the proximity of the Danube (at Calafat the 
amount is below 300 mm). In the piedmont area, the 
values oscillate between 350 and 400 mm, while in the 
Subcarpathians they range between 450 and 550 mm, 
with greater values in the western and northern sectors 
(Fig. 3). The amounts indicate slightly dry to dry 

conditions mainly in the plain and southern piedmont 
area. 

The favourability of the climatic conditions for maize 
was also assessed based on temperature values for the 
months of the growing season. In April, temperatures are 
about 2°C below the optimum value as indicated by 
specialized literature. Generally, maize is sowed in the 
first part of the month in southern Romania, when soil 
temperature at a depth of 10 cm reaches 8-10°C 
(Popescu & Popescu, 1995). May, when maize emerges 
and starts its development, displays optimum values 
within the entire region. Starting with June until 
September, temperature is above the optimum upper 
threshold in all plain counties (Table 4). Vâlcea registers 
higher values only in August and September and Gorj is 
the only county with optimum values, but this is mainly 
determined by the lower temperatures registered at 
Polovragi and Apa Neagră. If we exclude the northern part 
of the county, the values registered in August and 
September would be above the upper limit.

  

Figure 2: Mean temperatures during the growing 
season (1990-2021) 

Figure 3: Mean precipitation amount during the 
growing season (1990-2021) 

Table 4: Mean values of the considered thermal indices at county level (1990-2021) 

Interval 
 Value 

Optimum (°C) / County MH DJ OT GJ VL 

April 14-20 12.0/C 12.3/C 11.9/C 10.8/C 11.6/C 
May  16-20 17.1/O 17.7/O 17.4/O 17.2/O 16.5/O 
June  19-21 21.3/W 21.8/W 21.6/W 20.3/O 20.6/O 
July  20-23 23.4/W 23.9/W 23.7/W 21.1/O 22.6/O 
August  19-20 23.2/W 23.5/W 23.4/W 19.8/O 22.3/W 
September  14-17 17.9/W 18.1/W 18.0/W 15.8/O 17.1/W 
  W-warm C-cold O-optimum 
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With regard to the precipitation amounts, there were 
considered three intervals: April, which is the month 
when maize is sowed, July-August, the interval with 
maximum water requirements, and May-August that 
represents the most important part of the vegetation 
period. Mean precipitation amounts corresponding to 
April are optimum in all the counties, except Gorj that 
displays humid conditions on the whole, but the amount 
is optimum in the lower part of the county where maize 
is cultivated (Table 5). As for the July-August interval, 
there are optimum amounts only in Gorj, all the other 
counties displaying dry conditions. The lowest amounts 
are in Dolj and Mehedinți, where the values are 50 mm 

below the lower optimum threshold, which means water 
shortage may affect maize development, even if maize is 
considered a drought-resistant plant. Thus, in order to 
obtain good productions, the crops should be irrigated. 
Studies indicate that, in the climatic conditions of 
Romania, the minimum precipitation amount for the 
entire period of vegetation should be about 250-300 mm, 
while the optimum amount is between 280 and 380 mm 
(Muntean et al., 2001). On average, optimum amount is 
reached only in Gorj, but, in all the other counties, except 
Dolj, the amount is close to the lower threshold, namely 
250 mm.  

Table 5: Mean values of the considered pluviometric indices at county level (1990-2021) 

Interval 
Optimum 

(mm)/County 
Mean value / Significance 

MH DJ OT GJ VL 

April 40.1-60 54.2/O 45.8/O 44.4/O 63.6/H 53.5/O 
July–Aug. 150.1-200 108.3/D 100.3/D 115.0/D 165.0/O 146.8/D 
May–Aug.  280-380 242.9/D 225.9/D 249.5/D 309.9/O 245.9/D 
  D-dry H-humid O-optimum 

 
GDD represents one of the most commonly used 

methods to assess temperature requirements of specific 
crops. Considering the entire growing season (April – 
October), most of the region displays GDD values above 
the 1600°C threshold, which indicates high thermal 
potential. Only the north-eastern extremity of the Getic 
Piedmont and the western and northern sectors of the 
Subcarpathians register lower values (Fig. 4). However, 
the southwestern sector of the plain tends to become 
hotter, GDD reaching 2000°C at Calafat. Considering that 
GDD is calculated based on temperature values 
(maximum and minimum temperatures), it registered a 
continuous and significant increase in the last decades, 
following the same pattern within the entire region. For 
maize, the suitability limits are between 800°C and 
1600°C and the mean GDD values (May-August) indicate 
that the southern counties are included in suitability I 
class (1401-1600°C), while the northern counties fall in 
suitability II class (1201-1400°C). 

 

Figure 4: Mean values of the growth degree days (GDD) 
(1990-2021) 

Water deficit during the growing cycle may also 
drastically reduce yield. HTC mean values indicate an area 
characterized by moderately dry conditions in the 
proximity of Calafat, while most of the plain displays 
slightly dry conditions. Slightly humid conditions emerge 
in the northern part of the plain, large areas of the 
piedmont, and the eastern sector of the Subcarpathians, 
while moderately humid and humid conditions are in the 
central and western sectors of the Subcarpathians (Fig. 
5).  
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Figure 5: Selyaninov’s hydrothermal coefficient (HTC): 
mean values for the growing season (1990-2021)  

At monthly level, adequate pluviometric conditions 
are registered in May – from slightly humid conditions in 
the southern plain area to very humid conditions in the 
Subcarpathians (Fig. 6a). On the whole, in June, as well, 
water deficit is not problematic, but in the western part 
of the plain (Calafat, D.T. Severin) drier conditions 
emerge, the climate being characterized as slightly and 
moderately dry (Fig. 6b). Water deficit in the last two 
summer months, but especially in August, affects most of 
the region (Fig. 6c,d), including higher hilly areas. In July, 
the plain area is slightly to moderately dry, while in the 
hilly area, due to higher precipitation amounts, the 
climatic conditions are from slightly humid to very humid. 
In August, the plain area registers dry conditions, except 
the northern extremity (Craiova and Slatina), where 
climate is moderately dry; the hilly area has slightly dry 
conditions, a moderately humid climate being 
characteristic only in the higher northern sector of the 
Subcarpathians. Water deficit maintains in the plain area 
in September as well (slightly to moderately dry 
conditions) (Fig. 6e), but it reduced northwards on the 
background of temperature decrease (slightly humid to 
humid conditions). 
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Figure 6: Selyaninov’s hydrothermal coefficient (HTC): mean monthly values (1990-2021) 

The variability of thermal and pluviometric 
resources and their impact on maize yield 

Temperature and precipitation represent key climatic 
parameters for maize yield. Generally, from the thermal 
viewpoint, maize finds proper conditions in Oltenia, but, 
in certain years, maximum daily temperatures above 
32°C (threshold considered detrimental to maize) are 
recorded for longer periods and reduce yield. Water 
requirements are not met in most of the plain area, 
especially during the critical stages – flowering and grain 
filling, namely July-August interval, when water 
availability plays the most important role for yield (Butts-
Wilmsmeyer et al., 2019).  

The average maize yield for the entire period under 
study places Oltenia below the national corresponding 
value, with 3534.9 kg/ha as compared to 3743.7 kg/ha. 
An average value lower than in Oltenia was recorded only 
in the North-East Region (i.e. 3444.3 kg/ha), while three 
other regions (i.e Centre, Bucharest-Ilfov, and West) were 
above the 4000 kg/ha threshold; the most significant 
average yield for the entire period corresponded to the 
West Region (4112.0 kg/ha). During 20 of the 32 analysed 
years, the annual yield values in Oltenia were lower than 
the national ones. This situation became more frequent 
after 2010, when Oltenia recorded annual values higher 
than the national yield only in 2017 and 2020 (NIS, 2023). 

In Oltenia, maize yield greatly varies from one year to 
another, the average production for the 32 analysed 
years ranging between a maximum of 4431.4 kg/ha in 
Vâlcea and a minimum of 3326 kg/ha in Olt. In the other 
three counties, average production is quite similar, 
between 3340 and 3600 kg/ha. The maximum yield 
varies between 7779.3 kg/ha (Dolj) and 6859 kg/ha 
(Vâlcea), while the minimum yield varies between 1242.7 
kg/ha (Vâlcea) and 317.9 kg/ha (Mehedinți). For the 
maximum yield, 2018 is the year with the greatest 
production for all counties, while the minimum yield is 

registered in different years, such as 1993 (Dolj), 2000 
(Olt and Gorj), 2007 (Mehedinți), and 2012 (Vâlcea). 
However, maize yield is much below the average in all the 
counties in these years, which are either the driest or the 
hottest years in the data series.  

Regarding 2018, May, June, and July temperatures 
were within the optimum thresholds in the entire region. 
GDD index displays values between 1401 and 1600°C in 
four of the counties (except Gorj), underlining the very 
good thermal conditions in the region. Thus, in May, 
climate conditions are very humid and humid, except for 
Olt, where they are moderately dry, while in the first two 
summer months, due to the large precipitations 
amounts, HTC indicates very humid conditions within 
most of the region (˃1.61). August mean temperatures 
were 4°C above the upper optimum threshold in all five 
counties, but maize was not affected as precipitation 
amounts indicate optimum conditions for the July-August 
interval and humid conditions for the growing season, 
offsetting the potential negative effect of high 
temperatures. So, even if HTC points out mainly dry – 
moderately dry conditions (arid in Dolj), the accumulated 
water reserve was enough to ensure top productions in 
all five counties. 

The year 1993 registered extremely low productions 
in all three southern counties, less than 650 kg/ha, while 
in Gorj and Vâlcea yield varied between 2000 and 3000 
kg/ha. From the thermal point of view, temperatures 
were within the optimum limits in all the months, except 
August, which was hotter than July and about 3°C above 
the upper optimum threshold. The main factor that 
determined these extremely reduced productions is 
represented by the precipitation amounts. Thus, April 
was an extremely dry month in Dolj and a very dry month 
in the other two counties, while during the period with 
maximum water requirements (July-August), as well as 
during the growing season, extremely dry conditions 
characterized all the three counties (almost -100 mm 
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compared to the lower optimum threshold in the first 
case and -150 mm in the second). The greatest negative 
deviations correspond to Dolj County (Fig. 7), which also 
registered the lowest yield in 1993, this year also marking 
the negative record for the last 32 years. 

Also, 2000 was an exceptionally dry year during the 
warm season. Yield was very reduced in Dolj and Olt 
(about 500 kg/ha), northern counties being less affected. 
Besides low precipitation amounts, temperatures were 
higher than the optimum both in July and August, and 
there were several strong heatwaves during summer. The 
most severe water deficit was registered in Olt (-113 mm 
in July-August and -220 mm in May-August compared to 
the lower optimum threshold). Thus, the total amount 
gathered during the four months of the growing season 
reached only 60 mm in Olt, 92 mm in Dolj, and 113-114 
mm in Mehedinți and Vâlcea (Fig. 8). Drought started in 
May, which according to HTC is an arid month in Dolj and 
Olt, a dry month in Mehedinți and Vâlcea, and 
moderately dry in Gorj. June was arid in four of the 
counties, except Dolj, where it was dry, as well as August, 

in this case, the exception (dry month) corresponding to 
Gorj County. In July, slightly humid conditions were 
registered only in Mehedinți, drought persisting in the 
other counties. Even if it was the month with the highest 
precipitation amounts from the growing season, maize 
crops had already been compromised on large surfaces. 
Mean maximum values exceeded 32°C in July and almost 
reached 34°C in August at all the stations from the plain 
area and the southern part of the piedmont, heat stress 
being also increased. 

Low yields were also recorded in 2002, maize and 
wheat crops being totally compromised on large surfaces 
in Mehedinți and Dolj (Fig. 9). In this case, the main 
limiting factor was represented by excessive precipitation 
amounts registered during the July-August interval. Thus, 
in July, there were 146 mm at Bâcleș, 134.4 mm at 
Craiova, 131.9 mm at Băilești, and more than 100 mm at 
the other meteorological stations, as well as in August. 
The amount increased northwards, reaching 188 mm at 
Apa Neagră and more than 200 mm at Polovragi. 
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Figure 7: Spatial differences of maize production in Oltenia in 1993 

 

Figure 8: Spatial differences of maize production in Oltenia in 2000 

 

Figure 9: Spatial differences of maize production in Oltenia in 2002 
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For 2007 and 2012, besides the water deficit registered 
during certain periods, the main problem was represented 
by extremely high temperatures. In 2007, all three 
southern counties recorded less than 550 kg/ha, the most 
affected being Mehedinți with 317.9 kg/ha, the lowest 
production registered in Oltenia in the last 32 years. Thus, 
mean temperature of July was above 25°C, while mean 

maximum values in the plain area exceeded 35°C in the 
east (Bechet, Caracal) and were between 34 and 35°C in 
the rest of the unit. Even in the Subcarpathian region, the 
values were above the 32°C threshold, higher values being 
considered detrimental for maize crops. Dry conditions 
were registered in Mehedinți and Dolj for the July-August 
interval, as well as for the entire growing season (Fig. 10).

 

 

 

 

Figure 10: Maize yield and the precipitation amounts registered in the interval 1990-2021 in Mehedinți (a), Dolj (b), 
Olt (c), Gorj (d), and Vâlcea (e) 
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The year 2012 is by far the hottest year in Oltenia. 
Temperatures were particularly high during the summer 
months, in the three aforementioned counties the mean 
exceeding 27°C, while the mean maximum temperature 
was above 35°C. August also was a hot month, mean 
temperatures ranging between 25.1 and 25.4°C, except 
Vâlcea, which registered 23.8°C. Water deficit was also 
increased especially in the July-August interval. Even if 
crops were affected, they were not entirely 
compromised, 2012 marking the lowest production for 
Vâlcea County. 

From the thermal point of view, the most problematic 
months are July and August. Even if maize tolerates well 
higher temperatures, when diurnal values exceed 32°C, 
the plant is affected and the yield reduces. Starting with 
2007, the warming trend has increased both in July and 
August, mean monthly values frequently exceeding 24°C. 
Thus, even if the years with July and August mean values 
below 23°C register the highest shares overall, the three 
southern counties also have significant shares of 
temperatures above 24°C (Fig. 11).

 

Figure 11: Share of July and August mean temperatures above certain thresholds 

 
When analysing the entire period in terms of 

precipitations amounts for the considered intervals, it 
results that dry, optimum, and humid conditions have 

almost similar shares only in April, the most homogenous 
distribution (about 33%) being registered in Mehedinți 
and Vâlcea counties (Fig. 12).
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Figure 12: Share of dry, optimum, and humid conditions for key-intervals in maize development 

Dry conditions have greater shares in Dolj and Olt 
(40.6%, respectively 46.9%), while in Gorj, the humid 
conditions display the highest share. Dry conditions 
clearly predominate in the July-August interval especially 
in the plain area (Fig. 12). Thus, in Dolj and Mehedinți, 
more than 80% of the years have precipitation amounts 
below the optimum thresholds (dry) and the 
corresponding value for Olt is 75%. Lower shares (53% to 
56%) are registered in the other two counties, namely 
Gorj, which has the greatest share of humid conditions 
(28.1% of the years), and Vâlcea, which displays the 
highest share of optimum conditions (31.3% of the 
years). The same distribution pattern also emerges in 
case of the precipitation amounts for the interval May-
August. Dry conditions prevail in the south (between 
71.9% in Mehedinți and 81.3% in Dolj), the share of the 
years classified as dry decreasing northwards. The 
greatest share of optimum conditions characterizes Gorj 
and Vâlcea (31.3%, respectively 37.5%); if in terms of 
optimum conditions, there is not a significant difference 
between the two northern counties, in case of humid 
conditions, Gorj registered the greatest share of such 
years – 37.5%, followed by Vâlcea with 15.6%. 

Discussions 

Temperature, precipitation amounts, and 
evapotranspiration rates are the main climatic drivers for 
maize yields (Prăvălie et al., 2020). Generally, Oltenia has 
a good thermal potential, mean temperatures and GDD 
values for the period 1990-2021 indicating that most of 
the region is within the optimum limits. However, if 
taking into account the significant temperature increase 
(Prăvălie et al., 2017; Vlăduț, 2017), as well as the fact 
that Oltenia is among the regions very prone to drought 
especially in summer (Nagavciuc et al., 2022), maize 
crops are under an ever-increasing pressure. The GDD 
increase is obvious especially in the south of the region, 
the 2000°C threshold being exceeded four or three times 
in the last 10 years. The northwards shift of the 2000°C 
GDD isoline is also mentioned by Charalampopoulos 
(2021) when analysing the Balkan Peninsula. Thus, if in 
1980 this isoline overlapped northern Greece, in 2000, it 
shifted considerably, up to southern Romania, and in 
2020, it entirely included the Romanian Plain, Dobrogea 
and the southern part of the Moldavian Plateau. Thus, 
there can be assumed a high warming rate characteristic 
to the growing season, with potentially greater negative 
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impact, both direct and indirect, on maize yield in the 
near future. The direct impact relates to heat stress 
(>32°C) that causes the deterioration of different 
metabolic processes in maize, while temperature 
increase indirectly determines evapotranspiration 
acceleration and increase in water deficit, which is also 
very detrimental to plants. 

The quantification of maize response to temperature 
variability and increasing trends concerned scientists in 
the last decades. Thus, Lobell et al. (2011) highlighted a 
total decrease of 3.7% in global maize yield between 
1980 and 2008, 3.1% because of temperature and only 
0.7% due to precipitation trends. According to more 
recent studies, a 1°C temperature increase will trigger 
7.4% yield loss in maize (Kraus et al. 2022). Yield loss 
related to air temperature increase has also been 
identified in southern Romania, including Oltenia. 
According to Prăvălie et al. (2017), after 1990, an average 
1.2 t/ha/yr loss was recorded for 1°C increase. However, 
the reduction of the region maize yield is even higher 
when related to water deficit, namely 1.7 t/ha/yr 
(Prăvălie et al., 2016).  

According to Pearson coefficient r, in most cases, 
there are negligible negative correlations between yield 
and temperature (Table 6). This is the case in May, June, 

and August. A low negative correlation between yield and 
mean temperature of June was identified in Dolj. In July, 
the hottest month, low negative correlations were 
identified in four counties, while in Vâlcea, there is a 
moderate negative correlation. In this case, temperature 
determined yield reduction in the region, as higher 
values during sensitive phenophases are detrimental to 
maize. As July temperature is significantly increasing, we 
may assume that maize crops will be even more affected 
as exposure to high temperature during the grain-filling 
phenophase shortens this period and determines greater 
rates of senescence and, consequently, lower yields 
(Hatfield, 2016; Dawood et al. 2020). Low to moderate 
negative correlations between July mean temperature 
and maize yield were also identified in South-Eastern 
Europe (Lopes, 2022), Serbia (Petrović et al., 2020; 
Petrović et al., 2023), the Czech Republic (Maitah et al., 
2021), while in Hungary, Czibolya et al. (2020) highlighted 
a strong positive correlation with August mean 
temperature. In Romania, different researchers 
emphasized the negative impact of high summer 
temperatures on maize yield (strong negative correlation) 
– Bonea & Urechean (2020) in the central part of Oltenia 
and Șimon et al. (2023) in the Transylvanian Plain.  

Table 6: Pearson correlation between maize yield, temperature, and precipitation amounts 

County/ 
Climatic 

parameter 

Temperature Precipitation amounts 

May June July Aug GST GGD April May June July Aug 
July-
Aug 

May-
Aug 

MH -0.28 -0.15 -0.31 -0.02 -0.04 0.03 0.24 0.06 0.43 0.30 0.07 0.24 0.39 
DJ -0.23 -0.30 -0.42 -0.04 -0.14 -0.15 -0.01 0.20 0.51 0.41 -0.06 0.20 0.43 
OT -0.28 -0.27 -0.42 -0.11 -0.15 -0.09 0.05 0.19 0.50 0.49 -0.07 0.28 0.39 
GJ -0.19 -0.21 -0.30 -0.09 -0.05 -0.06 0.02 0.18 0.31 0.33 0.05 0.30 0.52 
VL 0.01 -0.10 -0.51 -0.18 -0.15 -0.10 -0.09 -0,02 0.39 0.35 -0.03 0.23 0.31 

 
In reference to the correlation between maize yield 

and GST, respectively GGD, there were identified only 
negligible negative correlations (except for GDD in case of 
Mehedinți – negligible positive correlation), which 
highlight the fact that mean values for the entire growing 
cycle cannot explain yield reduction. However, when the 
analysis was made for different phenophases, there were 
identified significant positive/negative correlations. Thus, 
in Oltenia, according to Bonea & Dunăreanu (2021), a 
strong positive correlation with GDD was identified for 
the emergence and physiological maturity stages, while 
for tasseling and silking stages, higher GDD values 
reduced yield (strong negative correlation). 

Generally, precipitation amounts correlate positively 
with maize yield, meaning greater amounts determine 
better crops. Pearson coefficient highlighted low positive 
correlation for the precipitation amount registered 
during the growing cycle (May-August) in four of the 
counties, except for Gorj, where the correlation was 
moderate. In the same county, there was identified a low 
positive correlation for the precipitation amount 

registered during the water maximum requirement 
period (July-August), while in the other counties the 
positive correlation is negligible. At monthly level, 
positive low and moderate correlations were identified in 
all five counties in June and July, while in April, May and 
August, most of the correlations are positive but 
negligible. In July, moderate and high positive correlation 
with precipitation is also mentioned in the Czech 
Republic (Maitah et al., 2021). In Vojvodina, Milošević et 
al. (2015) identified a low positive correlation for July and 
August, while in Hungary, a moderate positive correlation 
emerged for all summer months (Czibolya et al., 2020). 
Ceglar et al. (2016) highlight a significant dependence of 
maize yield on monthly precipitation amounts in France; 
an increasingly negative impact of precipitation 
anomalies during the summer was also emphasized 
(Ceglar et al., 2020). July precipitation amount positively 
correlated with maize yield in Rostov region and the 
amount cumulated during the entire growing season was 
considered the dominant factor that explains up to 75.7% 
of the interannual variability of maize yield in 
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Zimovnikovsky, Russia (Gudko et al., 2022). In Oltenia 
(Craiova area), Bonea & Urechean (2020) highlighted a 
strong positive correlation between maize yield and June 
precipitations, respectively precipitations cumulated in 
the sowing to anthesis period, while for the other 
months or phenological phases, precipitations amounts 
were reported as having an insignificant influence on 
maize yield, which is consistent with the present study at 
county level. 

Taking into account that none of the analysed variable 
can entirely explain low yields registered in the region, 
we may assume that the drastic production reductions 
are the result of the combined effects of water deficit / 
drought and heat stress. Recent studies revealed that 
these combined effects are more detrimental to maize 
compared to individual stresses (Nelimor et al., 2020), as 
they restrain fundamental physiological processes, such 
as respiration and photosynthetic activity (Yousaf et al., 
2022). High temperature accelerates potential 
evapotranspiration and amplifies climate stress, maize 
being particularly affected as such events usually occur 
during the most sensitive phenophases – tasseling and 
grain-filling. In the plain area of Oltenia, it was 
determined that water deficit is on average responsible 
for 60–64% of the variation of maize productivity 
(Prăvălie et al., 2016), 1 mm deficit increase resulting in a 
reduction of 13 kg/ha/year in the east of the plain and to 
20 kg/ha/year in the west. After 2000, the extremely low 
productions (less than 1000 kg/ha) generally correspond 
to years characterized by high mean and mean maximum 
temperatures during summer correlated with reduced 
precipitation amounts during the entire or part of the 
growing cycle. Low or extremely low precipitation 
amounts registered during the sowing month (April in the 
region) do not compromise yield if there is enough water 
supply in the soil to support the plant emergence. Such 
an example is 2018, the year with the highest yield in the 
analysed period, when April registered moderately dry 
and dry conditions. Thus, irrigations are necessary in the 
region to ensure an adequate water amount, as presently 
maize crops greatly depend on natural conditions. 
According to the National Agency for Land 
Improvements, the irrigation systems cover a total 
surface of 450,973 ha in Oltenia in 2023 (47.5% in Dolj, 
35.9% in Olt, and 16.6% in Mehedinți). However, the 
irrigated surface was much lower, namely 100,779 ha 
(mostly in Dolj and Olt), which represents only 22.3% of 
the total surface, even if it increased compared to the 
previous years. A potential explanation for this low share 
of the irrigated surfaces is related to the costs, as most of 
the farmers do not afford to pay for this service.  

Conclusions 

Cereals are among the most vulnerable crops 
cultivated in Romania as temperatures are increasingly 
higher and the water deficit characteristic in the summer 

coincides with the period of maximum requirements. 
Based on mean values – temperature, precipitation 
amounts, GDD, Oltenia displays proper conditions for 
maize cultivation. However, mean values are not relevant 
when assessing the relationship between yield and 
climate as plants are particularly sensitive to different 
meteorological variables according to growing stage. 

Thus, with regard to temperatures, mean monthly 
values are already 1 to 2°C above the optimum thermal 
threshold of maize in the interval June-September. 
Moreover, the repetitive episodes of high and extremely 
high temperatures registered during flowering and/or 
grain-filling phases proved to have a great negative 
impact on maize yields in the last 10 years, particularly in 
the southern counties, which are also the main maize 
producers in the region. GDD values for the growing 
season (April-October) emphasizes Oltenia as a region 
with a very good thermal potential for cereals. In the 
case of maize, southern counties have suitability I class 
(GDD for the interval May-August between 1401 and 
1600°C), while the other two counties are in suitability II 
class.  However, values are gradually increasing based on 
a higher maximum temperature increase compared to 
the minimum temperature. If this trend maintains, heat 
stress will also increase, especially in the southwestern 
part of the plain area, where the average of the last ten 
years gets close to the 1600°C threshold (Calafat 
1588.9°C, D.T. Severin 1584.4°C). 

Besides temperatures, precipitation amounts and 
their distribution during the growing season are equally 
important. HTC mean values indicate slightly dry 
conditions in the growing season in the plain area, while 
northwards, in the piedmont and Subcarpathians, the 
climate is slightly humid, respectively moderately humid, 
drought risk decreasing gradually in this direction. The 
water deficit affects Mehedinţi, Dolj, and Olt, mainly 
during July-August interval, which corresponds to the 
maximum water requirements of maize. The extremely 
low yields obtained in 1993 were mainly induced by 
water deficit. When precipitation shortage combines with 
hot periods, the negative impact is even greater, as it was 
the case of 2000, 2007, and 2012, when yield was 50-
60% lower compared to the previous year at national 
level, but in southern Oltenia, especially in Mehedinți 
and Dolj, the share was much lower (8.7%, respectively 
14.8% compared to the previous year production and 
9.5%, respectively 15.2% compared to the average 
production of the entire period). 

Maize and wheat represent the main cereal crops 
based on which Romania is a major international grain 
exporter. Taking into account the average values of cereal 
production for the 1990-2021 period, Oltenia represents 
the third largest regional producer of the country (after 
the South-Muntenia and South-East regions), with an 
average annual share of 14.5% (i.e. 2.71 mil. t/year of the 
total of 18.63 mil. t/year). The corresponding maize 
production values place Oltenia on the fourth position 
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among the Romanian regions, with 13.6% of the total 
production obtained during the 32-year interval under 
study (i.e. 1.38 mil. t/year of the national average 
production of 10.12 mil. t/year). Compared to these 
average figures, there is also to be mentioned the 
significant difference between the highest values (i.e. 
20% of the national cereal production was obtained in 
Oltenia in 1994) and the lowest ones (8.5% in 1993 and 
even 7.8% in 2002) (NIS, 2023). These values highlight 
both the very important productive potential of Oltenia, 
as well as the negative influence of unfavorable weather 
conditions correlated with the insufficient infrastructure 
necessary for a competitive agriculture in the region. 

Consequently, maximizing production efficiency is a 
priority and, taking into account the projected climate 
changes, there is an acute need to implement different 
adaptation measures in due time. Re-establishing the 
irrigation system in southern Oltenia is mandatory if 
taking into account the climate projections that indicate a 
significant overall increase in temperature, but, more 
important in case of maize, the increase in maximum 
daily values over summer and in the frequency and 
intensity of heatwaves. It is also recommended to have 
earlier sowing dates – the end of March compared to the 
present period, as projected temperatures will reach the 
proper values in last decade of the month and it will also 
be avoided water deficit, as well as extremely high 
temperatures (above the 32°C threshold which is 
detrimental to maize) characteristic to the July-August 
interval. The introduction of new heat and drought-
tolerant hybrids is also considered a good solution for the 
next period and researchers are already working in this 
direction. 
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Abstract 

The current article aims to evaluate water contamination in the crossborder section of the Timok River in terms of 
metalloids and heavy metals. Water pollution comes due to the unregulated discharges of untreated effluents from 
the Bor mining area (Eastern Serbia) and surrounding ore-smelting plants, dressing and processing factories. Input 
data includes information concerning the values of eight chemical parameters (As, Cd, Cu, Fe, Mn, Ni, Pb, and Zn), 
measured at one water sampling site from 2015 until 2020. The analysis follows the Environmental Quality 
Standards (EQS) for priority substances and some other pollutants recommended in Directive 2013/39/EC and their 
equivalent criteria transposed into Ordinance H-4/2012. The Heavy Metal Pollution Indеx (HPI) to assess the 
suitability of water resources for various human needs is calculated. Results obtained show the content of Cd, Cu, 
Fe, Mn, Ni, and Zn does not fulfill the EQS. The contamination with Cd and Cu is the most severe, the highest 
concentrations exceeding the normatively determined standards by more than 20 times. The HPI achieves scores 
ranging from 200.58 (2015) up to 1163.65 (2019), indicating “High pollution” and suggesting the water resources  
are inappropriate for human consumption. This work complements past studies with findings for a recent period. 
Keywords: Timok River, water pollution, transboundary river basin 

 

Introduction 

The management of transboundary river basins is 
based on the principles of solidarity and sharedness, on 
legal provisions ("the polluter pays"), and social campaigns 
("clean water for all") guaranteeing environmental 
protection and human rights. Such catchments are 
traditionally an object of ecological (Cui et.al., 2022; Lu 
et.al., 2021; Wanhong et.al., 2020), economic (Tan et.al., 
2018; Zharicov et.al., 2016), political (Imran et.al., 2021; 
Kazemi et.al., 2022; Mirumachi, 2015; Rai et.al., 2017; Xia 
et.al., 2021), and juridical (Burchi, 2018; Janusz-Pawletta, 
2015; Mogomotsi et.al., 2020) researches. The integrated 
approach, recognized as the main indicator of sustainable 
environmental development within the European region 
(Gartsiyanova et.al., 2023), requires that the interests of 
all stakeholders be taken into account in the management 
of bilateral water resources. The latest edition (2021–
2027) of the European Commission's special report 
"European Neighborhood Policy and Enlargement 
Negotiations" highlights the growing importance of cross-
border cooperation and reminds that nowadays 85.2% of 
the European Union (EU) countries have at least one 
river, crossed by a national border. 

The Lower Danube River Basin, including both EU 
member states (such as Bulgaria and Romania) and 
candidates for membership (like Serbia and Bosnia & 

Herzegovina), is a remarkable example of successful 
cross-border collaboration at various levels. In recent 
years, a lot of projects focused on the development of a 
sustainable economy, tourism, and environment in this 
region have been implemented. Some of them like the 
"Interreg-IPA cross-border cooperation programs" and 
the "Agreement on environmental impact assessment 
and economic strategies in a cross-border context" were 
promoted and financed by the European Central Bank, 
governmental and non-governmental organizations 
("European Policy on Neighborhood and Enlargement 
Negotiations", 2021–2027). 

Despite this progress, there are still crossborder water 
bodies contaminated with metalloids, heavy metals, and 
other hazardous substances due to unregulated 
discharges of raw effluents from open pit mines, tailing 
ponds, industrial lagoons, ore-smelting and processing 
factories. The case of the Timok River with water 
resources shared between Serbia and Bulgaria is 
especially disturbing. This river has become one of the 
most ecologically damaged European streams in recent 
decades as a result of the metallurgical industry in the 
vicinity of the Bor mining area (Eastern Serbia), where 
numerous quarries for extraction of polymetallic ores 
have been developed. The emitted wastewaters, contain-
ing arsenic, cadmium, copper, lead, manganese, and other 
poisonous chemicals, are initially disposed in the Borska 
River (a left tributary draining the mining-affected areas), 

https://creativecommons.org/licenses/by-nc-nd/4.0/
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which in turn carries the pollutants into the Timok River. 
The described anthropogenic practices caused severe 
transboundary water contamination, which was a subject 
of long-term investigations (Adamović et.al., 2021; Bird 
et.al., 2010; Brankov et.al., 2012; Gardić et.al., 2015; 
Gartsiyanova et.al., 2023; Milijašević et.al., 2018; 
Osenyeng et.al., 2023; Serbula et.al., 2016). The above-
mentioned works provide valuable information, but they 
relate to past times. In this context, the present study 
aims to assess the heavy metal pollution of the waters of 
the Timok River based on monitoring data collected for 
six years between 2015 and 2020. The fulfillment of the 
set objective is expected to contribute to the expansion 
of existing knowledge with new facts for a contemporary 
period. 

Study area 

The Timok River is the last right tributary of the 
Danube River on a Serbian territory with a length of 202 
km and a drainage basin of 4547 km2. It is formed after 
the confluence of two streams – Beli Timok and Crni 
Timok not far from Zaječar. Smaller courses include also 
Borska, Bračevicka, Lipovička, etc. The main river runs 
northeastern and in the last 15 km before it empties into 
the Danube, it delineates the state border of Eastern 
Serbia with Western Bulgaria passing beside the Bulgarian 
town of Bregovo (Figure 1). Approximately 4415 km2 
(97.1%) of the river basin falls in Serbia, while the rest of 
132 km2 (2.9%) of the catchment area belongs to Bulgaria 
(Gartsiyanova et.al., 2023). 

 

Figure 1. Map of the Timok River basin 

 
The water resources of the Timok River serve to 

irrigate the arable lands in the downstream part of the 
drainage basin and play an important role in the 
development and maintenance of the domestic and 
industrial water supply, especially in the Serbian unit of 
the catchment area (Brankov et.al., 2012). 

Methodology 

The assessment in this work is based on the two 
approaches commonly applied in the hydrochemical 

practice in order to establish a full diagnosis of water 
pollution. The component analysis (adhering to 
normatively determined standards) shows differentiated 
information for each of the involved variables and reveals 
which ones are the leading pollutants. The composite 
method (following water quality indices) combines data 
for all the parameters considered and using a special 
scale estimating the suitability of water resources for 
various human needs. 

Time-series data include information about the values 
of eight metalloid and trace metal variables: arsenic (As), 
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cadmium (Cd), copper (Cu), iron (Fe), manganese (Mn), 
nickel (Ni), lead (Pb), and zinc (Zn). The researched period 
covers six years from 2015 until 2020. Four samples per 
year were collected and processed in an ISO/IEC 
17025:2006 accredited laboratory following standardized 
procedures. The measurements were carried out by the 
Environmental Executive Agency at a sampling point 
along the transboundary section of the Timok River near 
Bregovo. Descriptive statistics are initially presented, i.e. 
minima, maxima, and mean values, calculated for each of 
the parameters. 

Water quality analysis has been made according to 
the European guidelines pointed out in Directive 

2008/105/EC of European Parliament and Council of 16 
December 2008 on Environmental quality standards for 
priority substances and some other pollutants (later 
amended in Directive 2013/39/EC of 12 August 2013 as 
regards priority substances in the field of water policy), 
and their equivalent criteria transposed into Ordinance 
H-4/2012 of 14 September 2012 for characterization of 
the surface waters (Table 1). The Environmental quality 
standard (EQS) indicates a mean reference value. Unless 
otherwise specified, it applies to a total concentration of 
a given chemical parameter. 

Table 1: EQS for priority substances and some other pollutants (Ordinance H-4/2012, Directive 2013/39/EC) 

Guidelines of Ordinance 
H-4/2012 and Directive 
2013/39/EC 

Metalloid and heavy metal concentration (µg/L) 

As Cd Cu Fe Mn Ni Pb Zn 

Environmental quality 
standards (EQS) 

10.00 0.90 22.00* 100.00 50.00 34.00 14.00 75.00* 

*Note: The reference norm has been defined in accordance with the value of calcium-carbonate hardness (CaCO3) 

To evaluate water sutability for various human needs, 
the Heavy Metal Pollution Index (HPI) has been selected. 
This index illustrates the overall hydrochemical status 
with respect to metalloid and heavy metals, and 
emphasizes which ones are the major pollutants. The HPI 
is a rating method measuring the composite influence of 
individual variables on water quality (Mohan et.al., 
1996). This index is computed as follows (1): 

 

𝐻𝑃𝐼 =  
∑ 𝑊𝑖×𝑄𝑖

𝑛
𝑖=1

∑ 𝑊𝑖
𝑛
𝑖=1

      (1) 

 
where: n is the number of parameters considered, Wi 

is unit weightage of the i-th parameter, and Qi is the sub-
index of the i-th parameter. Qi is expressed by equation 2: 

 

𝑄𝑖 =  ∑
𝑀𝑖(−)𝐼𝑖

𝑆𝑖−𝐼𝑖

𝑛
𝑖=1 × 100       (2) 

 
where: Mi, Ii, and Si are the monitored average value, 

the ideal value (Ii = 0 for each one of the heavy metals), 
and the standard value of the i-th parameter, respectively.  

In this formula, the unit weightage (Wi) is presented 
as a number inversely proportional to the recommended 
standard (Si) of the individual parameters (Table 1). The 
HPI ratings could be classified into three categories: low 
(less than 100), medium (equal to 100), and high 
pollution (more than 100). If the HPI scores exceed 100, 
water is seriously contaminated and should not be used 
for drinking or other purposes (Ghaderpoori et.al., 2018). 

Results and discussion 

The component analysis indicates elevated values for 
the majoriry of the considered variables, particularly of 
Cd, Cu, and Mn, but also of Zn, Fe, and Ni (Table 2, Figure 
2). The deteriorated conditions of the surface waters are 
mainly due to the worst concentrations of the above-
listed heavy metals. Most disturbing is the pollution with 
Cd and Cu whose highest observed content overtops the 
normatively determined standards by more than 20 
times. 

The frequency analysis shows that from over half to all 
of the measured values of Mn (100.0%), Cd (91.7%), and 
Cu (87.5%) exceed the EQS. The relative share of the bad 
samples decreases below 50% for Zn (41.7%), Fe (37.5%), 
and Ni (37.5%), dropping to 0% for As and Pb (Figure 2). 

The temporal analysis does not find annual or intra-
annual cyclicity in the measured concentrations. Values 
exceeding the EQS are registered every year and season 
during the period under review, which indicates almost 
permanent pollution. However, the highest content of the 
trace metals is detected mainly in autumn and winter. The 
maximum value of Cd (26.20 µg/L) is established during 
December 2019. Also in December, but in 2016 and 2018, 
are recorded the greatest levels of Fe (195.00 µg/L) and 
Zn (630.00 µg/L), while the contamination with Cu (480.00 
µg/L), Mn (674.00 µg/L), and Ni (93.40 µg/L) seem to be 
most severe in September 2017 (Figure 2). The described 
seasonal dynamics of the chemical variables is in general 
terms conversely proportional to hydrological regime of 
the river, which is characterized by highest flow volumes 
in spring and lowest ones in autumn (Urošev et.al., 2022). 
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Figure 2: Dynamics of metalloid and heavy metal parameters compared to the Environmental Quality Standards 
(EQS) for priority substances and some other pollutants 

A comparison of the information obtained in this 
work with data reported in past studies shows many 
similarities. Bird et.al. (2010) and Brankov et.al. (2012) 
examined water quality of the Timok River based on 
research data collected from 1993 to 2009. The cited 
authors alarmed for values of As, Cd, Cu, Pb, and Zn ex-
ceeding the regulatory standards up to 30 times and 
emphasized that those chemical variables caused severe 
environmental pollution as not only damaged the rivers, 
but have been accumulated in the aquifers, floodplains, 
soils, and plants in the vicinity of the Bor mining area. 
Adamović et.al. (2021) and Serbula et.al. (2016) explored 
the negative effect of wastewater produced from the 
copper mine on water quality and reported for elevated 
content of Cd, Cu, and Mn – from 11 up to 23 times over 

the reference norms. Gardić et.al. (2015) found high 
concentrations of Cu from 2012 until 2013 both in sur-
face waters and in fine particles of flotation tailings de-
posited in river valleys. This author also recognized the 
influence of season on the level of the pollutants. Gartsi-
yanova et.al. (2023) and Osenyeng et.al. (2023) estab-
lished increased values of As, Cd, Cu, and Zn between 
2015 and 2019. Osenyeng et.al. (2023) added: “Cu values 
were particularly elevated in the surface waters and bot-
tom sediments near the Bor metallurgical/smelting facili-
ties, while as contents were generally high for the entire 
research field”. The present work shows a lower contam-
ination with As and Pb, but almost the same values for 
the rest of the parameters. All of the above assumes that 
the Timok River is not significantly improving its water 
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quality and from 2015 to 2020 it continues to be heavily loaded with various trace metals.  

Table 2: Descriptive statistics of the concentrations (µg/L) of metalloid and heavy metal parameters 

Years Values 
Metalloid and heavy metal parameters 

As Cd Cu Fe Mn Ni Pb Zn 

2015 

Minimum 0.67 0.48 12.80 60.00 61.90 4.16 0.11 6.87 

Average 1.54 2.15 23.90 98.00 153.72 10.08 0.80 19.64 

Maximum 3.18 3.50 33.50 144.00 233.00 19.60 1.37 39.60 

2016 

Minimum 0.63 0.74 38.80 38.00 93.70 5.58 0.15 6.23 

Average 1.06 4.17 105.98 111.00 301.42 33.97 0.55 150.42 

Maximum 1.45 8.27 232.00 195.00 544.00 90.20 0.83 411.00 

2017 

Minimum 0.78 1.89 43.20 42.00 114.00 16.60 0.08 13.40 

Average 2.46 6.23 229.63 98.25 325.50 56.25 0.24 157.80 

Maximum 4.65 14.90 480.00 153.00 674.00 93.40 0.51 440.00 

2018 

Minimum 0.66 5.70 27.80 72.00 91.80 10.40 0.11 33.00 

Average 1.49 7.86 126.30 109.75 277.23 31.80 0.46 191.40 

Maximum 2.84 9.28 307.00 152.00 578.00 58.90 0.92 630.00 

2019 

Minimum 1.04 4.26 71.30 15.00 113.00 10.50 0.30 25.40 

Average 1.25 12.84 129.28 49.25 236.00 34.45 0.50 94.35 

Maximum 1.53 26.20 242.00 108.00 501.00 56.80 0.85 209.00 

2020 

Minimum 0.92 2.55 30.80 47.00 71.20 4.29 0.22 39.80 

Average 1.46 9.26 46.25 72.75 158.82 18.37 0.38 89.18 

Maximum 2.17 18.60 65.70 95.00 272.00 37.50 0.70 170.00 

Table 3: Obtained ratings of the HPI and basic statistics used in the calculations 

Years Indices 
Metalloid and heavy metal parameters 

As Cd Cu Fe Mn Ni Pb Zn 

2015 

Wi (1/Si) 0.10 1.11 0.05 0.01 0.02 0.03 0.07 0.01 

Qi (Mi /Si
*100) 15.40 238.89 108.64 98.00 307.44 29.65 5.71 26.18 

Wi
*Qi 1.54 265.17 5.43 0.98 6.15 0.89 0.40 0.26 

HPI 200.58 

2016 

Wi (1/Si) 0.10 1.11 0.05 0.01 0.02 0.03 0.07 0.01 

Qi (Mi /Si
*100) 10.60 463.33 481.73 111.00 602.84 99.91 3.92 200.56 

Wi
*Qi 1.06 514.30 24.08 1.11 12.06 3.00 0.27 2.01 

HPI 398.49 

2017 

Wi (1/Si) 0.10 1.11 0.05 0.01 0.02 0.03 0.07 0.01 

Qi (Mi /Si
*100) 24.60 692.22 1043.77 98.25 651.00 165.44 1.72 210.40 

Wi
*Qi 2.46 768.36 52.19 0.98 13.02 4.96 0.12 2.10 

HPI 602.99 

2018 

Wi (1/Si) 0.10 1.11 0.05 0.01 0.02 0.03 0.07 0.01 

Qi (Mi /Si
*100) 14.90 873.33 574.09 109.75 554.46 93.53 3.28 255.20 

Wi
*Qi 1.49 969.40 28.70 1.10 11.08 2.81 0.23 2.55 

HPI 726.68 

2019 

Wi (1/Si) 0.10 1.11 0.05 0.01 0.02 0.03 0.07 0.01 

Qi (Mi /Si
*100) 12.50 1426.67 587.63 49.25 472.00 114.83 3.57 125.80 

Wi
*Qi 1.25 1583.60 29.38 0.49 9.44 3.44 0.25 1.26 

HPI 1163.65 

2020 

Wi (1/Si) 0.10 1.11 0.05 0.01 0.02 0.03 0.07 0.01 

Qi (Mi /Si
*100) 14.60 1028.89 210.23 72.75 317.64 54.02 2.71 118.91 

Wi
*Qi 1.46 1142.07 10.51 0.73 6.35 1.62 0.19 1.19 

HPI 831.51 
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The calculated HPI estimates indicate that the water 
of the Timok River beside Bregovo appear the most 
polluted in 2019 and relatively least contaminated in 
2015 (Table 3). Nevertheless, the HPI scores consistently 
exceed the limit level of 100, indicating that surface 
water resources are critically affected by mining activities 
and look to be unsuitable for safe human consumption. 
The results once again outline Cd, Cu, and Mn as the 
major pollutants in the region. The listed variables 
deteriorate water quality in the following arrangement: 
Mn, Cd, Cu (2015), Mn, Cu, Cd (2016), Cu, Cd, Mn (2017), 
Cd, Cu, Mn (2018 & 2019), Cd, Mn, Cu (2020) (Table 3). 
Those chemical parameters form the largest composite 
influence and most strongly determinate the overall HPI 
ratings. 

Conclusions 

This paper, focusing on metalloid and heavy metal 
water pollution in a transboundary river catchment 
affected by mining activities during the period of 2015–
2020, found that most of the investigated parameters 
(especially Cd, Cu, and Mn) did not meet the standards 
for environmental quality. The measured values of the 
mentioned variables do not differ significantly from those 
reported in the past, suggesting that the negative impact 
of metallurgical industry on the environment continues. 
The Heavy Metal Pollution Index (HPI) estimates confirm 
this statement – the surface water resources are "Highly 
polluted" and their multi-purpose use threatens human 
health. In order to limit the inflow of industrial effluents 
into the river channel, more efforts are needed to be 
directed at reclamation and rehabilitation of the mining-
affected areas. Private and public enterprises responsible 
for transboundary water pollution should be subject to 
financial restrictions. The construction of modern waste-
water treatment infrastructure is strongly encouraged. 
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Abstract 

As a type of coastal vegetation, mangroves are valuable, unique, and vulnerable. Mangrove ecosystems have a 
distinctive vegetation structure, which consists of several characteristics sequentially, such as trees, saplings, poles, 
and seedlings. This study aims to assess and monitor the structure and composition of mangrove vegetation in 
Makassar City, South Sulawesi. Field surveys were conducted to measure and monitor mangroves in two different 
areas, namely coastal areas and small islands. The highest mangrove density is at Station 2, which is 0.59 ind/m2, 
which is a river area. The station with the lowest density is at Station 1, which has a value of 0.23 ind/m2, which is a 
coastal area. Avicennia marina, Rhizophora apiculata and Acanthus ilicifolius were found to have the highest 
importance value index. Location 1 is the least stable because it only has the Avicennia marina mangrove species. 
Meanwhile, at location 3 (Lakkang Island, a small island), there are variations in the value of each index, although it 
is still in the low category. This means that in general, each research location has a less stable ecosystem. 
Furthermore, this study can contribute to conservation, biodiversity assessment, and sustainable mangrove 
ecosystem management strategies. 
Keywords: mangrove vegetation,  density, Importance Value Index, Diversity Index, Uniformity Index 

 

Introduction 

The biodiversity found in coastal areas consists of 
three levels, namely genetic diversity, species diversity, 
and ecosystem diversity. One of the ecosystem diversity 
that is often found on the coast is the mangrove 
ecosystem. As one of the coastal ecosystems, the 
mangrove ecosystem is unique and vulnerable (Supriadi 
et al., 2015). The mangrove ecosystem has a distinctive 
vegetation structure, compiling several characteristics 
sequentially, such as trees, saplings, poles, seedlings, and 
germination, to form a series of certain zones. There are 
several zoning systems that affects the types of mangrove 
vegetation, such as Avicennia, Rhizophora, Brugueria, 
and Nypah (Cahyanto & Kuraesin, 2013). In general, 
mangroves can grow in four zones: the open zone, the 
middle zone, the zone that has rivers of brackish to 
almost fresh water, and the land border zone, which has 
fresh water. Differences in the formation of mangrove 
zoning are caused by tides and currents that carry 
sediment and substrate (Farista & Virgota, 2021). 

Indonesia, an archipelagic country consisting of 
17,508 large and small islands, has the largest mangrove 
ecosystem in the world, which is around 3.24 million 
hectares, or about 27% of the world's total mangrove 
forest, which reaches 16.9 million ha (Handono et al., 
2014). Mangroves have various functions both 

ecologically, especially in coastal areas, and economically 
for humans. In terms of ecological functions, mangrove 
resources have several functions seen from several 
aspects, including physical, chemical, and biological 
aspects. Ecological function: In terms of physical 
protection, mangroves are a significant type of protected 
coastal wetland that guard against wave damage, fix 
sand, purify water, and encourage siltation and land 
creation. Wang et al. (2022) resist disasters such as wind, 
hurricanes, and floods (Warpur, 2016). Vegetation 
mangroves, prevent the shore from eroding and stabilize 
it, The root system of mangrove vegetation can withstand 
erosion caused by sea waves (Farista & Virgota, 2021). 
Sediments in the waves may be caught by mangroves 
(Raju & Arockiasamy, 2022). Chemical Aspect: Mangroves 
have a significant role in the carbon cycle and biodiversity 
(Hu et al., 2020), decreasing marine pollution, removing 
impurities from water, preserving the variety of marine 
organisms, and advancing the global carbon cycle, 
ecotourism, and science education (Wang et al., 2022). 
Biological function, habitat, spawning grounds, nursery 
grounds, and feeding grounds (Supriadi et al., 2015). In 
addition, as a provider of nutrients (nutrient cycling) and 
habitat for birds, reptiles, and mammals (Ardiansyah et 
al., 2012), aquatic biota such as fish, shrimp, and crabs 
(Cahyanto & Kuraesin, 2013), and for additional creatures 
like birds and fish (Hu et al., 2020). Additionally, 
mangroves govern many ecological functions, including 

https://creativecommons.org/licenses/by-nc-nd/4.0/
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biological control, water quality regulation, erosion 
control, wave attenuation, sediment accumulation, and 
biodiversity preservation (Machava-António et al., 2022). 

In terms of economic function, there are three main 
sources of mangroves: forest products, coastal fisheries, 
and nature tourism. According to Ardiansyah et al. 
(2012), mangrove forests provide a very diverse and 
valuable product to coastal communities at the local, 
regional, and global levels. Some of the ecosystem 
services provided consist of wood products (e.g., timber, 
poles, firewood, and charcoal) and non-timber products 
(salt production, tannins, beekeeping for honey 
production, fisheries, aquaculture, medicines, cultural, 
and aesthetic values) (Machava-António et al., 2022). 
Tropical wetlands with mangroves have long been 
recognized as key nursery areas for many commercially 
and ecologically important consumers, such as fish and 
crustaceans (Muro-Torres et al., 2020). 

This emphasizes the significance of mangrove forests 
to such ecosystems since they provide habitat to a variety 
of animals that are essential trophic chain components in 
addition to being the most significant primary food 
source (Muro-Torres et al., 2020). Seeing the great role 
and benefits of mangrove forests, not a few faunas can 
associate with mangrove plants and their surroundings, 
thus producing nutrients for organisms supported by 
various types of mangrove vegetation that make the 
mangrove vegetation area a comfortable and safe place 
for other living things. 

Mangrove forests serve many purposes and provide 
many benefits that are critical to the biological, 
ecological, physical, and socio-economic well-being of 
their inhabitants (Pesiu et al., 2022). However, 
mangroves disappear annually by 1% to 2% (Raju & 
Arockiasamy, 2022). Over the past century, about 35% of 
the area with mangrove forests has been lost (Hu et al., 
2020). Mangroves continue to be threatened by high 
population growth occupying coastal areas, causing an 
increase in demand for aquaculture and agricultural 
products (Pham et al., 2019). Some humans fulfill their 
needs by intervening in the mangrove ecosystem. This 
can be seen from the conversion of land (mangroves) into 
ponds, settlements, industries, and logging by the 
community for various purposes, especially in big cities, 
which are experiencing a faster decline (Branoff & 
Martinuzzi, 2020). 

Several studies have been carried out related to the 
structure of mangroves, including one by Hilmi et al. 
(2015) examining the community structure, zoning, and 
biodiversity of mangrove vegetation in Segara Anakan 
Cilacap. Saru et al. (2017) studied the structure of 
mangrove vegetation in the Mampie wildlife reserve 
area, and the results showed the area was categorized as 
quite diverse (5-7 species). Mangrove vegetation in the 
area only grows in intertidal areas, where it will 
experience inundation at the highest tide. Pesiu et al. 
(2022) measured base area, stand density, the Important 

Value Index, species diversity, and above-ground biomass 
to evaluate the tree species composition and forest 
species variety in Terengganu's Wetlands. Al-Qthanin & 
Alharbi (2020), which assess the genetic diversity of 
natural populations, can support the improved 
conservation of Avicenna marina in the Farasan 
archipelago. 

This study aims to assess and monitor the structure 
and composition of mangrove vegetation in Makassar 
City, South Sulawesi. A field survey was conducted to 
measure and monitor mangroves in two different areas, 
namely coastal areas and small islands. The concept of 
mangrove forest management requires criteria and 
indicators to ensure a balance between the economic, 
social, and ecological dimensions of development. This 
will provide something that the community as a whole 
want. Mangrove ecosystems, like other vegetative 
ecosystems, can be arranged in a hierarchy from an 
ecological point of view. The main idea of this theory is 
about how the hierarchical levels differ in terms of 
structure (Kamal et al., 2014). 

Given the importance of the role and benefits of 
mangroves, it is necessary to apply the principles of 
maintaining, studying and making the best possible use 
of them. One of them can be done by studying the 
structure of mangrove vegetation. Understanding the 
structure of mangrove vegetation can provide important 
information about identifying important mangrove 
species for management. Pham et al. (2019) assessment 
and monitoring of forest biodiversity in coastal areas is 
very important for sustainable forest management and 
can explain the importance of conservation and its 
subsequent results that will assist the policies needed to 
manage and control human activities so as to produce a 
good balance between mangrove ecosystems and human 
activities. 

Methodology 

Study area 

This research was conducted in Makassar City, South 
Sulawesi, Indonesia, as shown in Figures 1 and 2.  
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Figure 1: Lakkang Delta 

 

 

Figure 2: Lantebung 

 
Makassar City hosts 208.04 ha of mangrove forests 

and can potentially become an ecotourism area and an 
income source for coastal communities in Makassar City 
(Arfan et al., 2022). Measurement and monitoring of 
mangrove vegetation were carried out in the coastal area 
of Lantenbung, Bira Village, Tamalanrea District and the 
island of Lakkang, Lakkang Village, Tallo District. The area 
was chosen to represent the mangrove zoning as 
accurately as possible and to compare the structural 
properties and composition of the mangroves within it. 

Data collection 

The method used in this study is the ecological 
approach using the quadratic transect method (Warpur, 
2016). Observation of the structure and composition of 
mangrove vegetation was carried out using the sample 
plot method, which is a modification of the method used 
by Mueller, Dumbois, and Ellenberg (Renta et al., 2016). 
Each research station has three plots measuring 10x10 m. 
Within each 10x10 m plot, a 5x5 m subplot was created, 
and the 5x5 m plot was made up of a 1x1 m subplot. Each 
plot has a different function. A 10 x 10 m plot was used 
to collect tree data with a tree trunk diameter of 4 cm. 
The 5 x 5 m plot was used to collect data on tillers 
(saplings) with a diameter of 1-4 cm and a height of > 1 
m. while the plot measuring 1 x 1 m is used for data 
collection for seedlings with a height of 1 m. To identify 
mangrove vegetation, biological samples were taken in 
the form of leaf, flower, and fruit components, and the 
trunk circle of each mangrove tree was measured at 
chest height (Akbar et al., 2017). 

Data analysis 

Data analysis was carried out quantitatively to 
determine the structure and composition of mangrove 
vegetation. The scope of the structure of mangroves in 
this study includes density, frequency, dominance, 
important value index, diversity index, and uniformity 
index. 

The equations for density (KR) and specific frequency 
(FR) follow from Handono et al. (2014) sequentially as 
follows: 

Density (KR) = 100% x K  
 

where, K =
Number of individual mangroves 

Total individual mangrove
    

 
Frequency Type (FR) = 100% x F  
 

where, F =
Number of plots where species are found

Total number of sample plots created
 

 
The equations for dominance (DR), important value 

index (called indeks nilai penting or INP), and diversity 
index (H') follow from (Renta et al., 2016) sequentially as 
follows: 

Dominance (𝐷𝑅) =
Basal area of each type (BA)

Total basal area
 𝑥 100 

 
Dominance for the seeding category 

𝐷𝑅 =
Average mean percentage of each species (Coi)

Total percentage of all mangrove species (Co)
 𝑥 100 

 
Important Value Index (INP) = KR + FR + DR 
 

Diversity index (H’) = log N -  
1

N
 ∑ ni log ni 

H' value range 
H’ ≤ 2,0 = Low level of diversity, high ecological pressure 
2,0 < H’ ≤ 3,0 = Medium level of diversity, moderate 
ecological pressure 
H’ > 3,0 = High level of diversity, low ecological pressure 

 
The equation of uniformity index (E) and Simpson's 

dominance index (C) follows Supriadi et al., (2015) 
sequentially as follows: 

 
0 < E ≤ 0,5 = The ecosystem is under stress and 
uniformity is low 
0,5 < E ≤ 0,75 = Ecosystem is in less stable condition and 
moderate uniformity 
0,75 < E ≤ 1,0 = Ecosystem is in stable condition and high 
uniformity 

 

 
Value range 
0 < E ≤ 0,5 = Low dominance (there are no species 

that extremely dominate other species), stable 
environmental conditions, and no ecological pressure on 
biota in the location 

0,5 < E ≤ 0,75 = Moderate dominance and fairly stable 
environmental conditions 

0,75 < E ≤ 1,0 = High dominance (there are species 
that extremely dominate other species), unstable 
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environmental conditions, and there is ecological 
pressure on biota in the location. 

Results 

Measurement location 1 was carried out near the 
river flow in the Lantenbung mangrove ecotourism area, 
Bira Village, Tamalanrea District, Makassar City.  

Measurement location 2 was carried out in the 
coastal area in the Lantenbung mangrove ecotourism 
area, Bira Village, Tamalanrea District, Makassar City. 

Measurement location 3 was carried out on Lakkang 
Island, Lakkang Village, Tallo District, Makassar City. 

Comparison of the physical condition of each station 
in terms of tree density values and tree community struc-
ture is shown in Tables 4 and 5. 

The results of measurements and data analysis are 
presented in Tables 1 to 5. 

Table 1: Measurement results of mangrove vegetation structure at location 1 

Tree 

Mangrove Type Ni K (ind/m2) KR (%) F FR (%) Bai (m2) D (m2/ha) DR (%) INP H E C 

Avicenna marina 23 0,23 100 1 100 0,2768 27,68 100 300 0,0 0,0 1 

Total 23 0,23 100 1 100 0,2768 27,68 100 300 0,0 0,0 1 

                          

Sapling 

Mangrove Type Ni K (ind/m2) KR (%) F FR (%) Bai (m2) D (m2/ha) DR (%) INP H E C 

Avicenna marina 15 0,30 100 1 100 0,00 0,00 0 200 0,0 0,0 1 

Total 15 0,30 100 1 100 0,00 0,00 0 200 0,0 0,0 1 

                          

Seedling 

Mangrove Type Ni K (ind/m2) KR (%) F FR (%) Bai (m2) D (m2/ha) DR (%) INP H E C 

Avicenna marina 7 3,00 100 1 100 0,00 0,00 0 200 0,0 0,0 1 

Total 7 3,00 100 1 100 0,00 0,00 0 200 0,0 0,0 1 

 

Table 2: Measurement results of mangrove vegetation structure at location 2 

Tree 

Mangrove Type Ni K (ind/m2) KR (%) F FR (%) Bai (m2) D (m2/ha) DR (%) INP H E C 

Rhizopora apicu-
lata 

59 0,59 100 1 100 0,15 15,37 100,00 300 0,00 0,00 1,00 

Total 59 0,59 100 1 100 0,15 15,37 100,00 300 0,00 0,00 1,00 

                

Sapling 

Mangrove Type Ni K (ind/m2) KR (%) F FR (%) Bai (m2) D (m2/ha) DR (%) INP H E C 

Rhizopora apicu-
lata 

10 0,40 100 1 100 0,00 0,00 0,00 200 0,00 0,00 1,00 

Total 10 0,40 100 1 100 0,00 0,00 0,00 200 0,00 0,00 1,00 

             
Seedling 

Mangrove Type Ni K (ind/m2) KR (%) F FR (%) 
Bai 
(m2) 

D (m2/ha) DR (%) INP H E C 

Rhizopora apicu-
lata 

6 0,75 100 1 100 0,00 0,00 0,00 200 0,00 0,00 1,00 

Total 6 0,75 100 1 100 0,00 0,00 0,00 200 0,00 0,00 1,00 
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Table 3: Measurement results of mangrove vegetation structure at location 3 

Tree 

Mangrove Type Ni 
K 

(ind/m2) 
KR (%) F 

FR 
(%) 

BAi 
(m2) 

D (m2/ha) DR (%) INP H' J' D' 

Rhizopora 
mucronata 

28 0,28 87,50 1 50 0,28 28,37 100,00 237,5 -0,12 -0,17 
0,7

7 

Nypa frutican 4 0,04 12,50 1 50 0,00 0,00 0,00 62,50 -0,26 -0,19 
0,0

2 

Total 32 0,32 100,00 2 100 0,28 28,37 100,00 300,0 0,12 0,17 
0,7

7 

             

Sapling 

Mangrove Type Ni K (ind/m2) KR (%) F 
FR 
(%) 

Bai 
(m2) 

D (m2/ha) DR (%) INP H' J' D' 

Rhizopora 
mucronata 

7 0,28 100,00 1 100 0,00 0,00 0,00 200 0,00 0,00 1,00 

Total 7 0,28 100,00 1 100 0,00 0,00 0,00 200 0,00 0,00 1,00 

             

Seedling 

Jenis Mangrove Ni K (ind/m2) KR (%) F 
FR 
(%) 

Bai 
(m2) 

D (m2/ha) DR (%) INP H' J' D' 

Rhizopora 
mucronata 

62 15,50 96,88 1 50 0,00 0,00 0,00 146,9 -0,03 -0,02 0,94 

Acanthus ilicifoli-
us 

2 0,50 3,13 1 50 0,00 0,00 0,00 53,13 -0,11 -0,08 0,01 

Total 64 16,00 100,00 2 100 0,00 0,00 0,00 200 0,14 0,10 0,94 

 

Table 4: Physical conditions of observation stations based on tree density values 

Location Point Density (ind/ha) Category 

1 2.300 Tightly (good) 
2 5.900 Tightly (good) 
3 2.800 Tightly (good) 

 

Table 5: Physical condition of observation stations based on tree community structure 

Location 
Point 

Diversity Index Uniformity Index Dominance Index 

Score Category Score Category Score Category 

1 0,00 Low 0,00 Low 1,00 High 
2 0,00 Low 0,00 Low 1,00 High 
3 0,12 Low 0,17 Low 0,77 High 

Discussion 

Vegetation structure is a spatial arrangement of vege-
tation. The arrangement of mangrove vegetation consists 
of a vertical (stratification) and horizontal (individual 
distribution) arrangement. In this study, the stratification 
of mangrove vegetation in mangrove forests in Makassar 
is indicated by the growth rate. Based on sampling at the 
research site using transects, it was determined that the 
mangrove species encountered were Avicenna marina, 
Rhizophora apiculata, Rhizophora mucronata, Nypa fruc-
tican, and Acanthus ilicifolius. The calculation of the anal-
ysis of the mangrove vegetation structure is grouped into 
three categories: the tree category, the sapling category, 
and the seedling category. 

In Table 1, it can be seen that at the measurement 
point there were 23 trees, 15 saplings, and 7 seedlings of 
the Avicennia marina species. The tree density is 0.23 

ind/ha, or 2,300 ind/ha; the soil density is 0.30 ind/m2 or 
3,000 ind/ha; and the seedling density is 1.5 ind/m2 or 
15,000 ind/ha. The frequency is 1, or the relative fre-
quency at each vegetation level is 100 %. The basalt area 
is 0.276 m2, so the dominance is 27.68 m2/ha with a 
relative dominance level of 100%. The importance index 
for the Avicennia marina species is 300 %. The diversity 
and uniformity index is 0, while the dominance index is 1. 
The mangrove density level at measurement location 1 is 
in the "good" category. The only type of mangrove found 
at the location is Avicennia marina, so that type plays an 
important role in the surrounding ecosystem. A value of 1 
in the dominance index indicates that the species grows 
in groups and dominates the area where it grows. 

In Table 2, it can be seen that at the measurement 
point there were 59 trees, 10 saplings, and 7 seedlings of 
the Rhizophora apiculata species. The tree density is 0.59 
ind/m2 or 5,900 ind/ha; the soil density is 0.40 ind/m2 or 
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4,000 ind/ha; and the seedling density is 1.5 ind/m2 or 
15,000 ind/ha. The frequency is 1, or the relative fre-
quency at each vegetation level is 100 %. The basalt area 
is 0.1537 m2, so the dominance is 15.37 m2/ha with a 
relative dominance level of 100 %. The Important Value 
Index for Rhizpora Apiculata is 300 %. The diversity and 
uniformity index is 0, while the dominance index is 1. The 
mangrove density level at measurement location 2 is in 
the good or solid category. The only type of mangrove 
found at the location is Rhizophora apiculata, so that 
species plays an important role in the surrounding eco-
system. A value of 1 in the dominance index indicates 
that the species grows in groups and dominates the 
growth location area, similar to location 1. 

In Table 3, it can be seen that at the measurement 
point there were 32 trees, 7 saplings, and 64 seedlings of 
various types. The tree density is 0.32 ind/m2 or 3200 
ind/ha, the shrub density is 0.28 ind/m2 or 2800 ind/ha, 
and the seedling density is 1.5 ind/m2 or 15,000 ind/ha. 
The frequency is 1, or the relative frequency at each 
vegetation level is 100 %. The basalt area is 0.2837 m2, so 
the dominance is 28.37 m2/ha with a relative dominance 
level of 100 %. The Important Value Index of mangrove 
species includes Rhizophora mucronata (237.5 %), Nypa 
fructican (62.50 %), and Acanthus ilicifolius (53.13 %). At 
the tree level, the diversity and uniformity indexes are 
0.12 and 0.17, which indicate diversity, low uniformity, 
and uneven distribution, while the dominance index is 
0.766. The mangrove density level at measurement loca-
tion 3 is classified as "good" or "solid." The types of man-
groves found at the location consisted of Rhizophora 
mucronata, Nypa fructican, and partly Achantus ilicifoli-
us, so each of these species played an important role in 
the surrounding ecosystem. The value of 0.766 in the 
dominance index indicates that these species grow in 
groups and dominate the area where they grow. At the 
seedling level, it can be seen that of Rhizophora mucro-
nata, 62 individuals were most commonly found in the 
location. If all these seedlings grow up, then the meas-
urement area will dominate the ecosystem and play an 
important role in its surroundings. 

The high significance value illustrates that these spe-
cies are able to compete with their environment and are 
called dominant species, which in this study were found 
at each observation point sequentially, namely Avicennia 
marina, Rhizophora apiculata, and Rhizophora mucrona-
ta. The Avicennia marina with the highest importance 
was also found in Maputo Bay, Eastern Africa (Machava-
António et al., 2022). On the other hand, a low INP indi-
cates that the species is less able to compete with the 
surrounding environment and with other species, which 
in this study was found at point 3 for Nypa fructican and 
Acanthus ilicifolius. These three types of mangrove vege-
tation can be reduced from year to year due to their low 
resistance to natural phenomena (Renta et al., 2016). 
Furthermore, according to Sani et al. (2019), a low INP 

means that its presence does not have too much influ-
ence on the ecosystem. 

Assessment of physical conditions based on density 
shows that the higher the density value, the better the 
condition of mangroves. Table 4 shows that the highest 
tree density is at station 2 with a value of 5,900 Ind/ha, 
which is a river area. While the station with the lowest 
density is station 1, with a value of 2,300 Ind/ha, which is 
a coastal area. This is in line with what was stated by 
(Saru et al., 2017), who stated that the highest density of 
mangroves is found in areas that are not affected by tides 
at all and areas that are slightly affected by tides, while 
the lowest density is found in areas affected by tides. In 
general, all observation points are in good condition in 
terms of mangrove density. 

Based on table 5, it can be seen that Locations 1 and 
2 have a low diversity index and uniformity index because 
Location 1 only has Avicennia marina mangrove species. 
This type of mangrove is also the most common man-
grove species in the Red Sea, Avicennia marina, found in 
patches around the coast of the Farasan Islands (Al-
Qthanin and Alharbi, 2020). As for location 2, only the 
mangrove species Rhizophora apiculata were found. 
While at location 3, there are variations in the value of 
each index, although it is still in the low category because 
several types of mangroves were found, including Rhi-
zophora mucronata, Nypa fructican, and Acanthus ilicifo-
lius. This means that point 3 is somewhat more stable 
than points 1 and 2. As said by Sani et al. (2019), a high 
diversity index means that the level of species diversity in 
the area is also higher, which then encourages stability in 
an ecosystem. Meanwhile, in terms of the dominance 
index, all locations are high because each location is 
dominated by certain types. This means that in general, 
each research location has an ecosystem that is less sta-
ble, and there are ecological pressures. Complex geo-
morphological coasts, human-induced pressure, urbani-
zation, wood harvesting, grazing, and the growth of the 
tourism industry all pose threats to mangrove popula-
tions (Al-Qthanin & Alharbi, 2020). 

Assessing the structure and composition of mangrove 
vegetation to monitor mangrove conditions. However, 
long-term monitoring of mangrove vegetation can be 
initiated to better understand the dynamics of the man-
grove ecosystem while trying to link current community 
patterns with past events. The findings of this study are 
urgently needed to improve management practices while 
conserving coastal resources and to guide and inform 
mangrove forest management activities and assess-
ments. Further research, it is necessary to formulate 
strategies and models for sustainable mangrove ecosys-
tem management. 

Conclusion 

Assessing the structure and composition of mangrove 
vegetation to monitor mangrove conditions observations 
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were carried out using the sample plot method, which is 
a modification of the method used by Mueller, Dumbois, 
and Ellenberg. The calculation of the analysis of the 
mangrove vegetation structure is grouped into three 
categories: the tree category, the sapling category, and 
the seedling category. Based on sampling at the research 
site using transects, it was determined that the mangrove 
species encountered were Avicenna marina, Rhizophora 
apiculata, Rhizophora mucronata, Nypa fructican, and 
Acanthus ilicifolius. The mangrove density levels 
measured at each location are in the good category. The 
only type of mangrove found at location 1 is Avicennia 
marina, while at location 2 it is Rhizophora apiculata, so 
each plays an important role in the surrounding 
ecosystem. A value of 1 in the dominance index indicates 
that the species grows in groups and dominates the area 
where it grows. The types of mangroves found at location 
3 consisted of Rhizophora mucronata, Nypa fructican, 
and partly Achantus ilicifolius. The value of 0.766 in the 
dominance index indicates that these species grow in 
groups and dominate the area where they grow. 
Furthermore, this study can contribute to conservation, 
biodiversity assessment, and sustainable mangrove 
ecosystem management strategies in Makassar. 
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Abstract 

Diospyros celebica Bakh and Rhyticeros cassidix are known to be associated in several locations in Sulawesi. Both of 
these species are endemic to Indonesia that live throughout the island of Sulawesi. Species Distribution Modeling 
using Maximum Entropy (MaxEnt) is considered an alternative way to understand the potential area suitable for a 
species. Model predictions from MaxEnt for all species have an AUC value of 0.887 and 0.837. Suitable habitat for D. 
celebica Bakh in Central Sulawesi (Morowali Utara, and The southern coast of Banggai) and South Sulawesi (Luwu 
Timur, Luwu Utara, Toraja Utara, Barru, Pangkep, Maros, Sidrap, Wajo, Sidenreng Rappang, and Gowa). However, the 
suitable habitat for D. celebica Bakh and R. cassidix in the association is much smaller. Environmental variables that 
are considered important that influence the occurrence of D. celebica Bakh are Soil Types, especially soil types 
Dystric Fluvisols, Eutric Fluvisols, Or-thic Luvisols, Orthic Acrisols, Eutric Cambisols, rainfall, and bio13. While R. 
cassidix is affected by distance from roads, distance from settlements, and distance from rivers, based on actual data 
points and habitat predictions. Most of the suitable habitat for D. celebica Bakh and R. cassidix is estimated to be 
outside the conservation area, but the suitable habitat is estimated in 8 functional status conservation areas. These 
results can be used by the Government of the Republic of Indonesia, and the Ministry of Environment and Forestry 
for determination. 
Keywords: habitat suitability, Diospyros celebica Bakh, Rhyticeros cassidix, maximum entropy 

 

Introduction 

Ebony is a luxurious wood that grows endemic to 
Sulawesi. Ebony consists of 90-100 species of trees, but 
only a few species produce heartwood. There are only 7 
types of trees belonging to Diospyros, including 
Diospyrosebenum Koen, Diospyrosferrea Bakh, 
Diospyroslolin Bakh, Diospyrospilosanthera Blanco, and 
Diospyrosrumphii Bakh (Najmulmunir, 2003). The ebony 
tree (Diospyros celebica Bakh) is the main type of ebony 
wood and in trade, it is included in the stracked ebony 
group (Najmulmunir, 2003). Ebony is easily recognized by 
the shape of the outer skin which has peeling grooves 
and is black like charcoal (Allo, 2002). This type of ebony 
wood is classified as luxurious because of its beautiful 
pattern and is quite strong, so it is in great demand. The 
species of Knobbed Hornbill (Rhyticeros cassidix) is an 
endangered endemic Sulawesi bird species that are 
known to be associated with ebony, especially when the 
ebony is in fruition and helps in the dispersal of ebony 
seeds (Mayasari et al. 2012; Mangi et al. 2013; Wulandari 
et al. 2016). The association is defined as a relationship 
of mutual dependence between species from the 
simplest to the most complex as part of the process of 
ecosystem balance in nature (Heggeness et al. 1978; 

Tabba et al. 2011). The association is a distinct type of 
community, found under the same conditions and 
repeated in several locations (Daubenmire, 1968; 
Mueller-Dombois & Ellenberg, 1974; Richardson et al. 
2000). Associations are characterized by having a similar 
floristic composition, having a uniform physiognomy, and 
their distribution has a unique habitat. R. cassidix has a 
high range which helps in the dispersal of ebony seeds to 
produce new ebony trees in other areas. 

D. celebica Bakh and R. cassidix are classified as 
Vulnerable by the IUCN Red List (World Conservation 
Monitoring Centre, 1998; BirdLife International, 2017) 
which refers to the risk of extinction in the wild in the 
future. Not much population information is known from 
Ebony. However, ebony has been widely exploited to 
make carvings, inlays, furniture, and musical instruments. 
It is thought that the number of mature trees has 
declined and much of the habitat has been converted to 
other types of plantations (Verhoef, 1938; Djamil, 1987; 
Whitten et al. 1987; World Conservation Monitoring 
Centre, 1998). The global population size of R. cassidix 
has not been quantified, but the species is reported to be 
declining rapidly due to habitat destruction, hunting, and 
forest fires (del Hoyo et al. 2001; Kinnaird & O'Brien, 
2007). 

https://creativecommons.org/licenses/by-nc-nd/4.0/
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Sulawesi has experienced deforestation and is in the 
second largest position after Kalimantan with a 
deforestation rate of 331,822 ha/year or the equivalent 
of 2.7% of Sulawesi's forest area (Rijal et al. 2019). This is 
likely to pose a significant threat to the future of D. 
celebica Bakh and R. cassidix. Both species have been 
included in the IUCN Red List, but the geographic range 
of D. celebica Bakh has not been determined. Time and 
financial constraints have prevented a comprehensive 
population survey in Sulawesi. Until recently, a more 
practical method for assessing the risk status of 
populations over a wide area was available through the 
prediction of habitat suitability. This method supports 
ongoing inventory research by identifying possible new 
subpopulations in the Sulawesi region that have not been 
surveyed. To understand predictions of habitat suitability, 
a Species Distribution Model (SDM) is usually used by 
combining data on species occurrence and environmental 
variables (Anderson & Martínez-Meyer, 2004; Elith & 
Leathwick, 2009; Franklin & Miller, 2009; Thorn et al. 
2009). Species distribution modeling (SDM) is the most 
popular species distribution analysis method for 
predicting the probability of a species based on 
environmental variables (Elith & Leathwick, 2009; A. Lee-
Yaw et al. 2022). This model has been identified as one of 
the best global predictive methods when estimating the 
similarity of environmental conditions to the presence of 

known species (Elith et al. 2006; Pearson et al. 2007; Elith 
et al., 2020; Valavi et al., 2022). 

This study aims to predict the most suitable habitat 
for D. celebica Bakh by considering the potential habitat 
of R. cassidix associated with it and identifying protected 
areas in Sulawesi that have high suitability for D. celebica 
Bakh. These findings can be used by the government of 
the Republic of Indonesia to determine protected and 
conservation-based areas of D. celebica Bakh and also 
provide information that is relevant to the status of the 
list in the IUCN Red List category. 

Methodology 

Research Site 

Records of the presence of D. celebica Bakh and R. 
cassidix were obtained from direct field surveys, GBIF 
databases, and trusted scientific journals. There are 47 
recorded occur-rences of D. celebica Bakh (Santoso et al. 
2002; Restu, 2007; Mangi et al. 2013; Asdar et al. 2015; 
Wulandari et al. 2016; GBIF.org, 2023a) and 1,557 
recorded occurrences of R. cassidix (Mangi et al. 2013; 
GBIF.org, 2023b). These incident points were recorded in 
almost all regions of Sulawesi with concentrations in 
North Sulawesi, Central Sulawesi, and South Sulawesi 
(Fig. 1).   

  

Figure 1. The occurrence records of D. celebica Bakh and R. cassidix in Sulawesi
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Species Distribution Modeling 

Habitat suitability data for modeling species 
distribution (SDM) were obtained from previous studies 
and downloaded from available websites. The data used 
includes bio1, bio12, bio13, bio14, distance from river, 
distance from road, distance from settlement, land 
surface temperature (LST), land use land cover (LULC), 
normalized difference moisture index (NDMI), normalized 
difference vegetation index (NDVI), rainfall, slope, soil 
type, solar radiation, topography, wind speed. 

Annual average temperature and annual precipitation 
(bio1, bio12, bio13, bio14) and solar radiation extracted 
from Worldclim version 2.1. These variables are averaged 
for the years 1970-2000 with a spatial resolution of 30 s 
(1 km2) (Fick & Hijmans, 2017). Elevation data was 
derived from the Data Digital Elevation Model Shuttle 
(SRTM) (Farr et al. 2007; SRTM NASA, 2013). The slope is 
calculated from the elevation data. Distance from river 
and distance from road data obtained from the 
Geospatial Information Agency (BIG, 2023). Distance 
from settlement data was obtained from the Open Street 
Map (OSM) Indonesia (OSM, 2023). Proximity data is 
calculated using Euclidean Distance. LST, LULC, NDMI, and 
NDVI data were extracted from Landsat 8 OLI/TIRS 
satellite imagery with a resolution of 30 m. This data is 
the median filter data for 2022 (Google Earth Engine, 
2023). Rainfall data is extracted from Climate Hazards 
Group InfraRed Precipitation with Station data (CHIRPS) 
imagery. These variables are for the average year 1981-
2023 with a resolution of 0.05o (per pixel) (Funk et al. 
2015). Soil data were obtained from the FAO-UNESCO 
Soil Map of the World (Sanchez et al. 2009). Windspeed 
data obtained from the Global Wind Atlas in the form of 
an average wind speed. This data is the average wind 
speed in 2022 with a resolution of 10 m (Global Wind 
Atlas, 2023). Each environmental parameter used in the 
two species is shown in Table 1. 

Habitat suitability was modeled using Maxent 
software version 3.4.4 for both endemic species using a 
machine learning technique called Maximum Entropy 
(MaxEnt) (Elith et al. 2020). The default settings are 
applied to the MaxEnt java program. However, the model 
assessment procedure is done with little locality and a 
jackknife (or 'leave-one-out'). The model is built using the 
remaining n-1 localities. Therefore, for presence data 
with n observed locations, n separate models were 
created for testing (Pearson et al. 2007). For the MaxEnt 
setting: random test percentage 1, regularization 
multiplier 1, number of background points 104, replicate 
run type (cross-validation), maximum iteration 500, 
convergence threshold 10-5, and default prevalence 
value of 0.5. 

Habitat suitability predictions for D. celebica Bakh, 
and R. cassidix were made to cross each other to create 
two intersection areas (D. celebica Bakh and R. cassidix). 
The crossing areas between these species are then 

overlaid with conservation areas to identify the most 
suitable habitats within the conservation areas. The four 
potential habitat classes are grouped as follows: 
unsuitable (≤0.10), low potential (0.11-0.30), moderate 
potential (0.31-0.70), and high potential (≥0.70) 
(Choudhury et al. 2016; Qin et al. 2017). 

Table 1. Environmental Parameters 

Environmental  
Parameters 

D. celebica Bakh R. cassidix 

bio1 √  

bio12 √  

bio13 √  

bio14 √  

distance from river √ √ 

distance from road  √ 

distance from settle-
ment 

 √ 

LST √ √ 

LULC √ √ 

NDMI √  

NDVI √ √ 

rainfall √  

slope √ √ 

soil √  

solar radiation √  

topography √ √ 

windspeed √  

Results and discussion 

Results 

Habitat suitability predictions using MaxEnt from D. 
celebica Bakh and R. cassidix were evaluated using the 
Area Under Curve (AUC) value, which represents the 
predictive ability of the model on a 0-1 basis. The 
prediction model for D. celebica Bakh has an AUC value 
of 0.887, and R. cassidix has a value of 0.837. The 
potential habitat suitability prediction models for D. 
celebica Bakh and R. cassidix each indicate that both 
models have good performance. AUC values are grouped 
into several categories based on model performance, 
models with AUC in the range of 0.9-1 (very good), 0.8-
0.9 (good), 0.7-0.8 (fair), 0.6-0.7 (poor), and 0.5-0.6 
(failed) (Krzanowski & Hand, 2009). In addition, a 
prediction model that has an AUC value in the range of 
0.7-0.8 is considered acceptable, and 0.8-0.9 is 
considered very good (Hosmer & Lemeshow, 2000). 

The Jackknife (or 'leave-one-out') procedure was 
adopted to model the locations of D. celebica Bakh, and 
R. cassidix. A high and significant success rate was 
obtained using the Jackknife test with a large sample size 
(Pearson et al. 2007). However, in other cases, if the 
location is < 60, the level of success tends to be poor 
(Pearson et al. 2007). No critical difficulties were found in 
this study because the number of locations used was 
considered sufficient. However, each model still has 
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additional locations added. The outputs from each model 
are used to map habitat suitability across Sulawesi (Fig. 
2). 

Habitat suitability for a species is represented by a 
value ranging from 0 to 1. Areas with a value greater than 
0.5 indicate that the area is a suitable habitat for that 
species. The predicted potential habitat suitability for D. 
celebica Bakh covers an area of 1,161,074 ha, and R. 
cassidix covers an area of 1,726,187 ha throughout 
Sulawesi. According to the observational records 
observed on D. celebica Bakh and R. cassidix. The species 
D. celebica Bakh has a distribution concentration in 
Central Sulawesi (Morowali Utara, and The southern 
coast of Banggai) and South Sulawesi (Luwu Timur, Luwu 
Utara, Toraja Utara, Barru, Pangkep, Maros, Sidrap, Wajo, 
Sidenreng Rappang, and Gowa). The southernmost 
distribution is Maros (South Sulawesi) and the 
northernmost is the border of Central Sulawesi with 
Gorontalo (Soerianegara, 1967). Natural distribution, 
especially in the areas of Poso, Donggala, and Parigi 

(Central Sulawesi), Gowa, Maros, Barru, Sid-rap and Luwu 
(South Sulawesi), and Mamuju (West Sulawesi), and 
Gorontalo which borders Central Sulawesi (Santoso, 
2007). The distribution of high economic value is only 
found in the districts of Poso, Donggala, and Parigi 
(Soenarno, 1996). It is estimated that the remaining 
stands are only found in protected areas, while outside 
protected area areas it is estimated that they tend to 
decrease, especially in West Sulawesi and Central 
Sulawesi given the high rate of deforestation in these two 
areas (Rijal et al. 2019). Meanwhile, R. cassidix is spread 
throughout almost the entire landscape of Sulawesi and 
is most easily found in primary and secondary forest 
areas that have large trees. Habitat suitability for R. 
cassidix is found in almost all of the Sulawesi islands and 
surrounding islands including Lembeh Island, Togean 
Islands, Muna Island, and Buton Island. However, the 
distribution is very limited at the elevation height of the 
highlighted model, which is not more than 1,800 meters 
above sea level. 

 

 

a b 

Figure 2. The predicted suitable habitats provided by MaxEnt Models. (a) D. celebica Bakh; (b) R. cassidix. The re-
gions with grid cells that have a value > 0.5 indicate more potential, while the regions with the value of grid 
cells < 0.5 indicate less potential

Species presence records are used to model the 
habitat suitability of the two species. There are three 
criteria for selecting actual data points: 1) using actual 
data point coordinates of target species locations, 2) 
selecting data points with detailed information on target 
species locations, and 3) excluding data points located in 
built-up areas and human cultivation areas. Presence 

data still allows for bias which can be affected by the 
accuracy of the data, the method of sampling, and the 
likelihood of species detection (Barbet-Massin et al. 
2010). Observed location data points are sometimes not 
predicted as a very likely potential distribution due to 
data limitations. In evaluating the performance of the 
model, there are two types of errors (commission error 
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and omission error). Commission errors for absences that 
are incorrectly predicted as attendance (Krzanowski & 
Hand, 2009), whereas omission errors are attendance 
observations that incorrectly predict absences (Muschelli 
III, 2020). Both types of errors can affect the accuracy of 
the model in predicting the spatial potential distribution 
of target species and their threats in this study. To better 

predict the highly suitable habitat of D. celebica Bakh its 
associated species was determined. The highly suitable 
habitat intersection association area covers an area of 
46,301 ha. The areas with the widest intersections are 
the Rahampu'u Matano Forest, Mountain Klabat, 
Mountain Lampobang, and Mountain Pompangeo (Fig. 
3).

 

Figure 3. The predicted intersection areas of D. celebica Bakh and R. cassidix
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Habitats that are considered highly suitable based on 
the species crossing areas are mostly located outside 
conservation areas. The total prediction is very suitable 
outside the conservation area covering 36,088 ha 
(77.94%). Meanwhile, the total suitable and associated 
habitat in conservation areas throughout Sulawesi covers 
approximately 10,213 ha (22.06%) (Fig. 4). 

There are 9 functional conservation areas in Sulawesi 
that have been identified as potential habitat areas for D. 
celebica Bakh and R. cassidix. There are 8 conservation 
area functions for D. celebica Bakh and R. cassidix in 
association (Table 2).

 

Figure 4. The predicted intersection areas of D. celebica Bakh and R. cassidix that are located inside and outside 
conservation areas 

Table 2. Identified conservation areas that are suitable habitats for D. celebica Bakh and R. cassidix 

Areas Status 
Intersection (hectare) 

D. celebica Bakh; R. cassidix 

Nature Reserve 303 

Protected Forest 7,098 

Nature Reserve Forest 3 

Nature Reserve Areas/Nature Conservation Areas 36 

Wildlife Reserve 5 

Grand Forest Park 23 

Hunting Park 0 

National Park 2,117 

Nature Recreation Park 627 

 
MaxEnt modeling also makes it possible to identify 

the relative effect of environmental variables on habitat 
suitability. The selection of environmental variables is 
also important in the modeling process. The process of 
selecting the right environmental variables in 
determining attendance is still a challenge (Araújo et al. 
2019). The use of meaningful predictors is very important 

in determining the suitability of potential habitats for 
these endemic species (Petitpierre et al. 2017; Low et al., 
2021). In the prediction of this model, there are four 
predictor groups (topography, climate, environment, and 
land cover) for endemic plant species, and four predictor 
groups (topography, environment, land cover, and human 
disturbance) for endemic bird species used as input. The 
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three most important variables that affect the suitability 
of D. celebica Bakh's habitat are soil type, rainfall, and 
bio13. Meanwhile, R. cassidix was most affected by 
distance from roads, distance from settlements, and 
distance from rivers (Fig. 5).  Ebony can thrive in soils that 
are shallow, and rocky, and in conditions with moderate 
to high levels of organic matter. Ebony can grow in C-D 
climates (rainfall 1500 mm/year), on calcareous, sand, 
clay, and rocky soils at an altitude of 400 meters above 
sea level (Soerianegara, 1967; Gintings, 1990). Conditions 
of sufficient humidity and sunlight can make ebony seeds 
germinate quickly (Sidiyasa, 1988). One of the 
environmental factors supporting plant growth is rainfall 
and soil type (Yovita, 1993). Ebony can thrive in soils that 
are shallow, and rocky, and in conditions with moderate 
to high levels of organic matter. Ebony can grow in C-D 
climates (rainfall 1500 mm/year), on calcareous, sand, 
clay, and rocky soils at an altitude of 400 meters above 

sea level (Soerianegara, 1967; Gintings, 1990). Conditions 
of sufficient humidity and sunlight can make ebony seeds 
germinate quickly (Sidiyasa, 1988). One of the 
environmental factors supporting plant growth is rainfall 
and soil type (Yovita, 1993). We consider these variables 
to be significant in determining the habitat suitability of 
the two endemic species. The inclusion of land cover 
significantly increases the power of the explanatory 
variables of the bioclimatic model and the most relevant 
variables across groups are those that are not explained 
or poorly explained by climate (Randin et al. 2020). The 
environmental (soil) and climate variables are variables 
that have a higher level of importance than other 
variables. The endemic bird species model shows that 
the human disturbance variable is one of the variables 
that cannot be ignored and is the most relevant for the 
entire group. 

  

a b 
Figure 5. The important variables that affecting of D. celebica Bakh and R. cassidix 

Habitat suitability maps of D. celebica Bakh and R. 
cassidix produced from this study may not accurately 
predict the location of the species because they only 
depend on the variables used. Other factors such as the 
history of the site can also be important. Although the 
prediction of habitat suitability for a site may be high, 
there are many reasons why the species may not be 
found in that location. There is a possibility that the 
species could not have spread to that location. 
Unidentified biotic interactions may inhibit recruitment 
or survival at some sites. It is possible that the species 
was once found in the area in question, but has since 
disappeared from that area. Failure to find species even 
when present may be due to dormancy. Conversely, the 
model can predict that a certain area is a potential 
distribution, but that species may occur in that location. 
Some species can spread to a location and adapt 
physiologically to less suitable areas (Peterson et al. 
2011). Given the difficulty in taking full samples to 
pinpoint the location of endangered species, it is 
important. MaxEnt modeling is useful for assessing the 
potential habitat suitability of D. celebica Bakh, and R. 
cassidix, as well as other species around the world. 

The findings in this study can be used by the 
Government of the Republic of Indonesia in particular 
the Ministry of Environment and Forestry to establish 
monitoring of protected areas and improve conservation-
based management and can help inform and update the 
distribution of D. celebica Bakh and R. cassidix on the 
IUCN Red List in the future. future. Further studies 
incorporating biophysical variables, aspects of dispersal, 
human activities, and the habitat history of the site can 
provide important tools for management and 
conservation. 

Discussion  

According to the observational records observed on 
D. celebica Bakh and R. cassidix. The species D. celebica 
Bakh has a distribution concentration in Central Sulawesi 
(Morowali Utara, and The southern coast of Banggai) and 
South Sulawesi (Luwu Timur, Luwu Utara, Toraja Utara, 
Barru, Pangkep, Maros, Sidrap, Wajo, Sidenreng Rappang, 
and Gowa). It is estimated that the remaining stands are 
only found in protected areas, while outside protected 
area areas it is estimated that they tend to decrease, 
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especially in West Sulawesi and Central Sulawesi given 
the high rate of deforestation in these two areas (Rijal et 
al. 2019). Meanwhile, R. cassidix is spread throughout 
almost the entire landscape of Sulawesi and is most 
easily found in primary and secondary forest areas that 
have large trees. Species presence records are used to 
model the habitat suitability of the two species. There 
are three criteria for selecting actual data points: 1) using 
actual data point coordinates of target species locations, 
2) selecting data points with detailed information on 
target species locations, and 3) excluding data points 
located in built-up areas and human cultivation areas. 
Presence data still allows for bias which can be affected 
by the accuracy of the data, the method of sampling, and 
the likelihood of species detection (Barbet-Massin et al. 
2010). 

The selection of environmental variables is also 
important in the modeling process. The process of 
selecting the right environmental variables in 
determining attendance is still a challenge (Araújo et al. 
2019). The use of meaningful predictors is very important 
in determining the suitability of potential habitats for 
these endemic species (Petitpierre et al. 2017; Low et al., 
2021). In the prediction of this model, there are four 
predictor groups (topography, climate, environment, and 
land cover) for endemic plant species, and four predictor 
groups (topography, environment, land cover, and human 
disturbance) for endemic bird species used as input. We 
consider these variables to be significant in determining 
the habitat suitability of the two endemic species. The 
inclusion of land cover significantly increases the power 
of the explanatory variables of the bioclimatic model and 
the most relevant variables across groups are those that 
are not explained or poorly explained by climate (Randin 
et al. 2020). The environmental (soil) and climate 
variables are variables that have a higher level of 
importance than other variables. The endemic bird 
species model shows that the human disturbance 
variable is one of the variables that cannot be ignored 
and is the most relevant for the entire group. 

The potential habitat suitability prediction models for 
D. celebica Bakh and R. cassidix each has an AUC value > 
0.80 which indicates that both models have good 
performance. AUC values are grouped into several 
categories based on model performance, models with 
AUC in the range of 0.9-1 (very good), 0.8-0.9 (good), 0.7-
0.8 (fair), 0.6-0.7 (poor), and 0.5-0.6 (failed) (Krzanowski 
& Hand, 2009). In addition, a prediction model that has 
an AUC value in the range of 0.7-0.8 is considered 
acceptable, and 0.8-0.9 is considered very good (Hosmer 
& Lemeshow, 2000). 

The Jackknife (or 'leave-one-out') procedure was 
adopted to model the locations of D. celebica Bakh, and 
R. cassidix. A high and significant success rate was 
obtained using the Jackknife test with a large sample size 
(Pearson et al. 2007). However, in other cases, if the 
location is < 60, the level of success tends to be poor 

(Pearson et al. 2007). No critical difficulties were found in 
this study because the number of locations used was 
considered sufficient. However, each model still has 
additional locations added. 

Habitat suitability for a species is represented by a 
value ranging from 0 to 1. Areas with a value greater than 
0.5 indicate that the area is a suitable habitat for that 
species. The main distribution area of D. celebica Bakh is 
found in Central Sulawesi. The southernmost distribution 
is Maros (South Sulawesi) and the northernmost is the 
border of Central Sulawesi with Gorontalo (Soerianegara, 
1967). Natural distribution, especially in the areas of 
Poso, Donggala, and Parigi (Central Sulawesi), Gowa, 
Maros, Barru, Sid-rap and Luwu (South Sulawesi), and 
Mamuju (West Sulawesi), and Gorontalo which borders 
Central Sulawesi (Santoso, 2007). The distribution of high 
economic value is only found in the districts of Poso, 
Donggala, and Parigi (Soenarno, 1996). Habitat suitability 
for R. cassidix is found in almost all of the Sulawesi 
islands and surrounding islands including Lembeh Island, 
Togean Islands, Muna Island, and Buton Island. However, 
the distribution is very limited at the elevation height of 
the highlighted model, which is not more than 1,800 
meters above sea level. Observed location data points 
are sometimes not predicted as a very likely potential 
distribution due to data limitations. In evaluating the 
performance of the model, there are two types of errors 
(commission error and omission error). Commission 
errors for absences that are incorrectly predicted as 
attendance (Krzanowski & Hand, 2009), whereas 
omission errors are attendance observations that 
incorrectly predict absences (Muschelli III, 2020). Both 
types of errors can affect the accuracy of the model in 
predicting the spatial potential distribution of target 
species and their threats in this study. 

The most important variables that contribute to the 
suitability of D. celebica Bakh's habitat are soil type, 
rainfall, and bio13. Ebony can thrive in soils that are 
shallow, and rocky, and in conditions with moderate to 
high levels of organic matter. Ebony can grow in C-D 
climates (rainfall 1500 mm/year), on calcareous, sand, 
clay, and rocky soils at an altitude of 400 meters above 
sea level (Soerianegara, 1967; Gintings, 1990). Conditions 
of sufficient humidity and sunlight can make ebony seeds 
germinate quickly (Sidiyasa, 1988). One of the 
environmental factors supporting plant growth is rainfall 
and soil type (Yovita, 1993). The most important variables 
contributing to the distribution of R. cassidix are 
proximity to human disturbance (distance from roads and 
distance from settlements) and distance from rivers. The 
species R. cassidix is threatened by habitat destruction 
with forest loss and land degradation in Sulawesi 
(Kinnaird & O'Brein, 1999, Winarni & Jones, 2012). R. 
cassidix is known to take advantage of forests that 
provide large and tall trees to make nests, usually in the 
middle of a forest far from human activity. There is an 
association between R. cassidix and D. celebica Bakh in 
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the fruiting season (Mangi et al. 2013). The existence of 
ebony trees is often associated with the supply of springs 
because ebony can absorb water in a large enough size 
(Mayasari et al. 2012). 

Habitat suitability maps of D. celebica Bakh and R. 
cassidix produced from this study may not accurately 
predict the location of the species because they only 
depend on the variables used. Other factors such as the 
history of the site can also be important. Although the 
prediction of habitat suitability for a site may be high, 
there are many reasons why the species may not be 
found in that location. There is a possibility that the 
species could not have spread to that location. 
Unidentified biotic interactions may inhibit recruitment 
or survival at some sites. It is possible that the species 
was once found in the area in question, but has since 
disappeared from that area. Failure to find species even 
when present may be due to dormancy. Conversely, the 
model can predict that a certain area is a potential 
distribution, but that species may occur in that location. 
Some species can spread to a location and adapt 
physiologically to less suitable areas (Peterson et al. 
2011). Given the difficulty in taking full samples to 
pinpoint the location of endangered species, it is 
important. MaxEnt modeling is useful for assessing the 
potential habitat suitability of D. celebica Bakh, and R. 
cassidix, as well as other species around the world. 

The findings in this study can be used by the 
Government of the Republic of Indonesia in particular 
the Ministry of Environment and Forestry to establish 
monitoring of protected areas and improve conservation-
based management and can help inform and update the 
distribution of D. celebica Bakh and R. cassidix on the 
IUCN Red List in the future. future. Further studies 
incorporating biophysical variables, aspects of dispersal, 
human activities, and the habitat history of the site can 
provide important tools for management and 
conservation. 

Conclusions 

The best-estimated habitat suitability of D. celebica 
Bakh in Central Sulawesi and South Sulawesi. Meanwhile, 
R. cassidix covers a much wider landscape. However, 
suitable habitat covers a much smaller area. The most 
suitable habitat for D. celebica Bakh and R. cassidix is 
mostly thought to be outside the conservation area. 
These results can be used by the Government of the 
Republic of Indonesia, and the Ministry of Environment 
and Forestry for determination. 
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Abstract 

Solid waste management (SWM) is an essential urban service in every human settlement. Despite its importance, 
cities globally struggle to guarantee its provision even in developed countries. This study examines SWM practices in 
Alesinloye, Ibadan, Nigeria. A structured questionnaire prepared with KoboCollect was used to interview 182 
households using a convenience sampling technique. Findings revealed that households are predominantly married 
youth with formal education and largely from the Yoruba ethnic group. It further established that food constitutes the 
leading solid waste component in households. The food waste, along with other waste materials generated, was 
disposed of mixed because there is no waste sorting system. The households mainly adopt unhygienic and 
unsustainable approaches such as disposable polythene bags and open space to store solid waste generated 
temporarily. The private waste firm was primarily responsible for solid waste collection using door-to-door (kerbside) 
methods in providing its service. The solid waste collection is mostly executed weekly, and the majority of the 
households consider it suitable. The households paid users’ charges of between ₦500 ($1.09) and ₦ 2000 ($4.35) 
monthly, and the variations were attributed to mainly waste quantity. While 75.2% of the households expressed 
satisfaction with users’ charges on solid waste services, 78.6% were unwilling to pay more for improved services, thus 
indicating the value placed on environmental quality. Finally, the study recommends the establishment of a SWM 
system towards zero waste community; the establishment of a waste management committee to serve as 
environmental stewards; the intensification of public campaigns and awareness of the importance of sustainable 
SWM, and the resuscitation of the Alesinloye recycling plant. 
Keywords: Ibadan, solid waste collection, storage receptacle, users’ charges, willingness to pay 

 

Introduction 

Solid waste management (SWM) concerns cities 
worldwide (Aryampa et al., 2019; Naftal et al., 2019). The 
SWM challenges in developing countries have been 
attributed to population growth, culminating in 
unprecedented waste quantity (Naftal et al., 2019). 
Because cities cannot effectively and efficiently manage 
the waste, most households resort to self-help and 
unethical approaches such as burning, and dumping in 
drainage channels, roadsides, and other unauthorized 
places (Adepoju, 2022; Lawal, 2023; Mudiare et al., 2016; 
Ogunseye & Kadiri, 2017). These alternative disposal 
methods have also been linked to the low efficiency of 
municipal solid waste agencies (Olukanni et al., 2020), and 
have resulted in grave consequences for cities in the form 
of flooding, pollution, mortality, disease infestation, and 
destruction of aquatic habitats amongst others (Adepoju, 
2022; Mangoro & Kubanza, 2023).   

This study is organised as follows. The next section 
presents a brief literature review on SWM in Nigerian 
cities. The third section focuses on the description of the 

study area and the procedures for data collection and 
analysis. Section four is about the discussion of results, 
while the fifth section is where the study concludes with 
recommendations. 

Brief Literature Review 

Much research has been conducted addressing SWM 
in Nigerian cities. These studies examine solid waste issues 
comprising waste collection (Aliu et al., 2014; Wahab & 
Ola, 2018), storage (Afon, 2008; Chukwu, 2023), recycling 
(Ogunseye, 2015; Ogunseye et al., 2020), and disposal 
(Mudiare et al., 2016; Ogunseye & Kadiri, 2017). 
Specifically, some studies addressed satisfaction with 
service coverage, user charges, willingness to pay, and 
public-private partnership. Despite the research efforts, 
the solid waste problems have defied solutions, thus a 
need to understand the underlying issues of the SWM 
practices in Nigerian cities to achieve sustainable SWM. 

The issue of willingness to pay for SWM services in 
Osogbo metropolis (Nigeria) was examined by Adepoju et 
al. (2017). The study revealed that the majority (87%) of 
the respondents were willing to pay for improved waste 
service. Still, the majority were only willing to pay less than 

https://creativecommons.org/licenses/by-nc-nd/4.0/


Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XXII, Issue 2 (December 2023), pp. 170-178; DOI: 10.5775/fg.2023.2.3592 

171 

5% of their monthly income on waste management 
services. Oloruntade et al. (2013) study in Akure city 
revealed that different approaches to waste collection 
exist, which include house-to-house, collection from 
roadside storage areas, street cleaning and collection of 
municipal solid waste from the streets, and households in 
handcarts. In addition, households deposit their waste in 
communal bins for agencies saddled with waste 
management to pick up. However, the waste collection 
activities in Akure city are the responsibility of both the 
state and local governments. Each owns a fleet of waste 
collection vehicles, considered inadequate but still takes 
care of 90% of the collection problems if all the vehicles 
are operational. Aliu et al. (2014) studied the performance 
of public private partnership (PPP) in Lagos (Nigeria), and 
findings showed that waste generated weekly is higher in 
high residential-density areas than in medium residential-
density areas. Additionally, service providers visit on a 
selected day in the week to collect household wastes 
already bagged and positioned in front of residences. 
Moreover, the performance of the PPP in waste collection 
was connected to the level of accessibility aided by the 
improved road network in Lagos. Furthermore, PPP 
performance through operational quality was influenced 
by the type and quality of equipment as well as the 
personnel in charge of them, which proved decisive 
among other indicators. Finally, the residents have a 
strong perception of PPP as a waste collection policy 
framework, thus indicating the synergy between the 
government and the private sector has enhanced the 
modes of operation of waste collection and treatment. 

Research efforts have also not been in doubt regarding 
SWM in Ibadan, Nigeria. Oludare and Awodumi (2020) 
assessed the profitability of investing in SWM at local 
government by private investors in Ibadan and results 
indicated that 35% of dwellers who do not have waste bins 
but are ready to acquire one were willing to pay ₦1500 
whereas 64% are willing to pay between ₦1200 and 
₦1,500. From the number of buildings identified in the 
study area, it was concluded that ₦1.5 million can be 
raised monthly from the residents to cater for SWM. This, 
in turn, will engender unemployment reduction and 
contribute significantly to environmental cleanliness. 
Salami (2019) evaluated the effectiveness of solid waste 
recycling projects in the Alesinloye market in Ibadan. 
Findings revealed that the project brought about 
cleanliness in the market environs and generated income 
for the market. Additionally, before the commissioning of 
the recycling project, 95.2% of the traders disposed of 
their waste by themselves with 51.1% of the traders 
disposing of waste in the public dumpsite. Also, due to the 
proximity and accessibility of the waste bin provided by 
the Alesinloye recycling plant, the majority (78.8%) do not 
pay for waste disposal. Wahab and Ola (2018) investigated 
the effects of seasonal changes on the types and volume 
of waste handled by the informal waste collectors, 
patronage level and income earned in five local 

government areas of Ibadan. Findings showed that the 
patronage level of the informal waste collectors dropped 
by 25% during the rainy season due to a decrease in waste 
volume generated and increased burning among 
residents. In addition, income realized by informal waste 
collectors declined as the number of daily collection trips 
made during this period dropped correspondingly. 

Since the solid waste problem is region-specific (Rossit 
& Nesmachnow, 2022), the situation at a location must be 
captured for the proper deployment of appropriate 
solutions to address the specific problem associated with 
the study area, such as in the developing countries 
(Byamba & Ishikawa, 2017). The aim of this study is to 
explore the SWM practices in Alesinloye in Ibadan, 
southwestern Nigeria. The specific objectives of the study 
are to: i) examine issues of solid waste storage and 
collection in the study area, and ii) evaluate households’ 
satisfaction with solid waste users’ charges and their 
willingness to pay more for improved solid waste services 
in the study area. The significance of this study is that it 
will improve SWM in Alesinloye, Ibadan as well as inspire 
the implementation of SWM policy in other 
neighbourhoods in the local government area, and by 
extension in towns and cities sharing similar attributes 
across the States in the federation and particularly in 
developing countries. 

Methodology 

Description of Study Area 

Nigeria (Figure 1) is the most populous country in Af-
rica with a population of over 200 million. It is situated be-
tween latitudes 4º E and 14º E and longitudes 2º N and 
15º N. It covers an area of 923,768 km² which makes it the 
32nd largest country in the world. It is bordered to the west 
by the Benin Republic, to the east by the Cameroon 
Republic, to the north by Niger Republic, and the south by 
the Atlantic Ocean (Badejo, 2014). 

Oyo State is located in the southwestern region of 
Nigeria. It is bordered to the north by Kwara State, to the 
east by Osun State, and the south by Ogun State, and 
shares its western boundaries with the Republic of Benin. 
Its topography varies in elevation from about 520 metres 
in locations such as Igbeti, Irawo, Ogboro and Aba Iseyin in 
the north to about 65 metres near the southern border 
with Ogun State around Igbo Ora in Ibarapa area (Lawal et 
al., 2022). 

Ibadan is the administrative capital city of Oyo State 
and is situated within the coordinates of 7º 25ʹE and 7º 
45ʹN latitude, and 3º 40ʹ E and 3º 70ʹ N longitudes. Ibadan 
is the third largest city in Nigeria behind Lagos and Kano 
with a reputation as a significant commercial, industrial 
and administrative centre in Nigeria (Adekunle, 
Sangodoyin & Wahab, 2020). Besides, Ibadan is one of the 
fastest-growing cities in Nigeria. According to the Census 
Population Report, its population was 1,829,300 in 1999 
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and 2,560,853 in 2006 with a growth rate of 2.22% per 
annum. By the growth rate adopted by the Ministry of 
Budget and Planning, Micro-Statistics Department of Oyo 
State, Ibadan was projected to reach 4,372,902 by the year 
2023 (Tomori, n.d.). As a metropolis, Ibadan is made up of 
11 local government areas (LGAs) and they include Ibadan 
Southwest, Ibadan Southeast, Ibadan North, Ibadan 
Northeast, Ibadan Northwest, Lagelu, Ido, Oluyole, 
Akinyele, Egbeda and Ona Ora.

Aleshinloye is a residential neighbourhood in Ibadan 
southwest local government area that hosts several 
landmarks comprising Aleshinloye Market, Aleshinloye 
Public Health Centre and the National Museum. 
Additionally, there is a waste recycling facility aimed at 
converting solid waste into valuable resources but 
currently, the recycling plant is not operational. The 
residential neighbourhood contributes a fair share of solid 
wastes generated in Ibadan city which requires adequate 
and efficient management to address the health, aesthetic 
and environmental impacts of solid waste.

 

Figure 1: Map of the study area 

Study Methodology 

This study employed a cross-sectional research design. 
Data for this study were gathered from a combination of 
primary and secondary sources. Primary sources 
constitute the administration of questionnaires and direct 
observation. Secondary sources such as journal articles, 
books, dissertations, and consultancy publications were 
explored and provided the foundational information upon 
which this study is based. The target population of this 
study is the residents of the Aleshinloye in Ibadan, Oyo 
State, Nigeria. The residents comprise the study 
population since the study focuses on household SWM. 

This study relied on the questionnaire as a survey 
instrument and augmented with direct observation. The 
questionnaire, primarily made of close-ended questions, 
was prepared using the KoboCollect. The questionnaire 
comprised questions about residents' socioeconomic 
characteristics, perceptions of SWM practices such as 
waste generation and separation, storage receptacles, 
responsibility for waste storage, location of waste storage 

receptacles, waste collection methods, collection 
frequency and suitability in the study area. Moreover, 
there are questions bordering on residents' satisfaction 
levels with the fees charged by waste collectors and their 
willingness to pay more for improved services. 
KoboCollect was employed because of its nature to 
conduct paperless research and record data in complex 
formats (Nampa et al., 2020). 

Since the population figure of the residents is not 
available at the time of the study, the buildings within the 
study area constitute the sample frame. The total number 
of buildings in Aleshinloye was found to be 1,654. The 
number of buildings was obtained through satellite 
imagery made possible by  Google Earth software and was 
ground truth during the reconnaissance survey. 
Afterwards, the sample size for the study was determined 
using Taro Yamane's formula (Israel, 2003). The formula is 
presented below: 

𝑛 =  
𝑁

1 + 𝑁(𝑒)2
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where 
n = Sample 
N = Total population = 1,654 
1 = 1 is constant 
e = error limit or margin of error (0.07) 

 
Using Taro Yamane’s formula, a sample size of 182 

questionnaires was appropriate for the study. Additionally, 
a convenience sampling technique was employed, mean-
ing that the participants were selected based on their ac-
cessibility and willingness to participate in the study. The 
study was conducted between 25th January and 2nd Febru-
ary 2023. Descriptive statistical tools such as frequency ta-
bles, bar charts, and pie charts were employed for data 
presentation. 

Results and discussion 

Socioeconomic Characteristics of the Respondents 

This study captures the socio-economic characteristics 
of the respondents in the study area since it focuses on 
households. Consequently, various attributes of the 
respondents, including gender, ethnic affiliation, age, 
marital status, educational level, occupation, and income 
were examined. The findings indicated that male 
respondents were 68.1% whereas female respondents 
were 31.9% (Table 1). It is noteworthy that the study did 
not give priority to a particular gender of the respondents 
instead those willing to participate in the study were 
sampled. As presented in Table 1, the ethnic composition 
of the respondents showed that Yoruba accounted for 
80.8%, followed by Hausa (13.7%) and Igbo (5.5%). Ibadan 
is home to Yoruba although other tribes such as Hausa, 
Igbo, and Ijaw, among others, inhabit the new residential 
areas in the city (Kayode & Omole, 2011). The 
heterogeneity in population due to the culture, lifestyles 
and habits was argued to have influenced waste 
composition in Ibadan. The age distribution indicated the 
more significant proportion fell between 25-34 years old 
(43.4%). Almost 64.0% of the respondents were married 
which thus implies the potential for increased population 
growth that influences waste generation (Kayode & 
Omole, 2011; Naftal et al., 2019). A majority of the 
respondents had formal education (61.5%), meaning that 
the respondents will be disposed to innovation in SWM. 
While a larger percentage (76.2%) were gainfully 
employed, the majority (64.3%) were self-employed 
(Table 1). The results corroborate Kayode and Omole’s 
(2011) study, indicating that a more significant proportion 
of households in Ibadan metropolis trade to earn a living. 
The data obtained on income showed that the 
respondents belong to the low- and medium-income 
groups. The household size results from Table 1 revealed 
that 53.7% of the households comprised 2-4 persons, 
31.0% of households consisted of 5-7 persons, and 31.0% 
constituted 1-person households. 

Solid waste generation 

This study also provides insights into the composition 
of solid waste emanating from the households in the 
neighbourhood. Results from Table 2 indicated that food 
was the most generated waste. This is closely followed by 
polythene (81.9%), cans/tins (60.4%), paper (59.9%), and 
plastic (41.8%). The least of the generated wastes were 
glass and wood. The findings corroborate previous studies 
(Kayode & Omole, 2011; Wahab & Ola, 2018) which estab-
lished that food and other organic matters constitute the 
largest part of the waste generated in the Ibadan metrop-
olis. This result further validates the stance that biode-
gradables form a major part of household waste in devel-
oping countries, particularly among the low-income group 
(Adekunle, Sangodoyin & Wahab, 2020; Alabi, Kasim & La-
sisi, 2020). Consequently, an understanding of the types of 
solid waste generated in the neighbourhood is crucial for 
developing effective waste management policies towards 
tackling solid waste problems. Additionally, the findings in-
dicated the need to pay attention to food waste and other 
organic matters that emit greenhouse gases such as me-
thane and CO2 into the environment which have implica-
tions for climate change (Fawzy et al., 2020). 

Solid waste sorting and storage  

Waste sorting is not currently practised among the 
households in the study area because the waste sorting 
system is not in place. The implication of this is that solid 
wastes are disposed of mixed together. To temporarily 
store waste, about 60.0% of the respondents used 
disposable polythene bags (Figure 2), 54.9% stored waste 
in open dumps, and 40.0% used baskets (Table 3).  

 

Figure 2: Solid waste stored in polythene bags before 
collection along Dick Road, Ibadan 

The result is in contrast with the study of Hammed et 
al. (2011) where below average (48%) of the households 
of Orita-Aperin in Ibadan stored their waste in polythene 
bags. Open dumping, which is next to polythene bags, was 
considered the predominant solid waste disposal method 
in Nigeria (Olukanni et al., 2020). 
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Table 1: Socioeconomics characteristics of the respondents 

 Frequency  Percent   Frequency Percent 

Gender    Age    

Male  124 68.1 18-24 28 15.4 

Female 58 31.9 25-34 79 43.4 

Total 182 100.0 35-44 54 29.7 

Marital status   45-54 21 11.5 

Single 41 22.5 Total  182 100.0 

Married  117 64.3 Household size   

Separated  24 13.2 1 person 22 12.0 

Total 182 100.0 2-4 persons 98 53.7 

Monthly income   5-7 persons 56 31.0 

Less than N30,000 29 15.9 8-10 persons 6 3.3 

N30,001-N60,000 67 36.8 Total  182 100.0 

N60,001-N90,000 67 36.8 Ethnic affiliation    

N90,001-N120000 14 7.7 Yoruba 147 80.8 

Above N120,000 5 2.8 Hausa 25 13.7 

Total 182 100.0 Igbo 10 5.5 

Occupation   Total 182 100.0 

Civil servant 11 6.0 Educational level   

Private sector 29 15.9 No formal education 70 38.5 

Self-employed 117 64.3 Primary 31 17.0 

Retiree 3 1.7 Secondary 47 25.8 

Student 21 11.5 Tertiary 34 18.7 

No response 1 0.6 Total  182 100.0 

Total  182182 100.0    

Source: Authors’ Field Survey (2023) 

Table 2: Solid waste generation by household 

Solid waste type Frequency* Percent* 

Food 167 91.8 

Paper 109 59.9 

Textile 31 17.0 

Plastic 76 41.8 

Cans/Tins 110 60.4 

Glass 8 4.4 

Wood 8 4.4 

Rubber 27 14.8 

Ceramics 30 1.7 

Garden waste 56 30.8 

E-waste 56 30.8 

Polythene (nylon) 149 81.9 

Leather 27 14.8 

Note: *Based on multiple responses from households. 
Source: Authors’ Field Survey (2023) 

These findings highlight the need to promote 
appropriate solid waste containers or bins among 
households. Responsibility for waste storage was found to 
be shared among various family members. Approximately 
39.0% of the respondents stated that any family member 
took on this responsibility, while children, mothers, 
fathers, guards, and maids also had roles in waste storage, 

albeit to varying degrees (Table 3). Regarding the location 
of solid waste storage receptacles, the majority (68.1%) 
were placed within the compounds of households, with 
18.7% located within buildings and 13% outside the 
compounds (Table 3). Overall, the study emphasizes the 
importance of raising awareness, providing education, and 
promoting the adoption of sustainable SWM practices 
such as waste sorting and appropriate storage receptacles. 

Solid waste collection 

Table 4 presents an analysis of waste collection 
responsibility. Results indicated that 65% of the 
respondents claimed that private waste firms collect the 
generated waste in the study area and 16% attributed 
waste collection to the Oyo State Solid Waste 
Management Authority (OYOWMA). Marginal proportions 
of 9%, 6%, and 4% stated that individual households, cart 
pushers (informal waste collectors), and local government 
were responsible for waste collection, respectively. 
However, a greater proportion saying private waste firms 
could be linked to the privatisation of SWM in Oyo State. 
The involvement of the private sector in solid waste 
collection in Ibadan had earlier been reported in studies 
(Ike et al., 2018; Wahab & Ola, 2018).
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Table 3: Solid waste sorting and storage  

 Frequency Percent  Frequency Percent 

Solid waste sorting   Storage responsibility   

Yes  0 0 Father 13 7.1 

No  182 100 Mother 22 12.1 

Total  182 100 Children  51 28.0 

Storage receptacle   Any family member 71 39.0 

Refuse bag (polythene) 109* 59.9 Maid 1 0.6 

Metal bin with cover 11* 6.0 Guard 13 7.1 

Metal bin without cover 15* 8.3 No response 11 6.1 

Plastic bin with cover 14* 7.7 Total  182 100.0 

Plastic bin without 
cover 

19* 10.4 Receptacle location   

Bucket 17* 9.3 Within the building 34 18.7 

Basket 73* 40.1 Within compound 124 68.1 

Open space/dump 100* 54.9k Outside compound 24 13.2 

   Total 182 100.0 

Note: *Based on multiple responses from households; Source: Authors’ Field Survey (2023) 

Table 4: Solid waste collection  

Collection methods Frequency Percent Collection responsibility Frequency Percent 

Door-to-door  150 82.4 Government agency  29 15.9 

Communal bin 31 17.0 Private waste firm 119 65.4 

Others  1 0.6 Individual household 16 8.8 

Total  182 100.0 Cart pushers 11 6.0 

Collection frequency   Local government  7 3.9 

Daily 20 11.0 Total  182 100.0 

Weekly 117 64.3 Suitability of time   

Twice weekly 17 9.3 Very suitable 94 51.6 

Once in two weeks 7 3.9 Suitable 62 34.0 

Monthly 20 11.0 Unsuitable 15 8.2 

Never 1 0.6 Very unsuitable 11 6.0 

Total 182 100.0 Total 182 100.0 

Source: Authors’ Field Survey (2023)

However, in contrast, Jazat et al. (2023) reported a 
greater government involvement in solid waste collection 
in Ibadan North, Ibadan Northwest and Ibadan Northeast 
LGAs. The private sector arrangement in Ibadan was 
geared towards offsetting “governmental bureaucracy, 
cost saving and sustained hygiene and health benefits” 
(Sridhar & Hammed, 2014, p. 199). Concerning the waste 
collection methods, results showed that the door-to-door 
approach (82.4%) was the most predominant while 
communal bins accounted for 17.0%. From Table 4, most 
of the respondents (64.3%) stated that waste collection 
occurred every week. However, approximately 86% of the 
respondents admitted to the suitability of the once-a-
week, thus suggesting households are satisfied with the 
timing of waste collection. The frequency needs to be 
improved considering that the neighbourhood is of high 
residential density. 

The residents paid varying user charges for waste 
collection in the study area. Data analysis revealed 35% of 

the respondents paid ₦1,500 ($3.26), followed by 32% 
who paid ₦2,000 ($4.34) and 10% stated they paid ₦1,000 
($2.17) (Figure 3) and with direct payments to private 
waste collectors as the most common method (Figure 4). 
The proportion of households who did not pay for waste 
collection services may be associated with illegal dumping 
(Figure 5) activities observed in the study area during the 
field survey. The users’ charges for waste collection 
services were mainly determined by the waste quantity 
(63.7%). In contrast, some households opined that family 
size, number of rooms and housing type are the 
determinants of the users’ charges (Figure 6). 
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Figure 3: Users’ charges for solid waste collection ser-
vices 

 

Figure 4: Method of payment for solid waste collection 

 

Figure 5: Illegal solid waste dumping along Dick Road, 
Ibadan 

Satisfaction Level with Users’ Charges and 
Willingness to Pay More for Improved Services 

This study further probed if households are satisfied 
with the users’ charges for waste collection services. 
Despite greater satisfaction recorded among households 
regarding users’ charges (Figure 7), the majority of 
respondents (78.6%) were not willing to pay more for 
improved services (Figure 8). The result implies the value 
households place on environmental quality. The result 
aligns with the study of Oludare and Awoduni (2020) 
where residents (35%) expressed willingness to pay ₦1500 
and 25% were willing to pay less between ₦1200 and 

₦1500. This suggests that residents knew of the users’ 
charges applicable in other parts of the Ibadan metropolis. 
These findings can inform decision-making related to 
SWM financing and the improvement of waste collection 
services in the study area. It is, therefore essential for an 
SWM agency or organisation to be cautious in the manner 
of increments in users’ charges. This is because high-cost 
users’ charges may compel households to dispose of their 
waste by less costly methods (Olukanni et al., 2020). 

 

Figure 6: Basis for the users’ charges 

 

Figure 7: Satisfaction level with users’ charges 

 

Figure 8: Willingness to pay more for improved services 

Conclusions 

This study focused on neighbourhood perception of 
SWM practices in an indigenous Nigerian city and shed 
light on various aspects of SWM practices in Aleshinloye, 
Ibadan, Nigeria. The study revealed that more males 
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participated in the study than females. The residents are 
composed of people of diverse ethnic affiliations though 
primarily from the Yoruba ethnic group. Almost three-
quarters of the residents were youth, approximately two-
thirds were married, and about three-fifths had obtained 
formal education. The primary composition of solid waste 
generated by households includes food, polythene, 
cans/tins, paper and plastic. Households primarily use 
disposable polythene and open spaces to temporarily 
store waste generated even though the methods are not 
sustainable. The dominant role of private waste firms as 
waste collectors was evident perhaps due to the 
privatization of SWM in Oyo State. The door-to-door 
collection emerged as the most common method, thus 
emphasizing the importance of convenience and 
accessible waste collection services. The waste collection 
occurred majorly every week, yet a majority of the 
households were satisfied with the arrangement. It can 
also be observed that some households still get involved 
in illegal dumping despite the provision of communal bins 
in a few locations within the study area. 

Based on the findings, the following recommendations 
are put forward to improve SWM in the study area 
(Alesinloye). 

The Oyo State government should do more than just 
privatise SWM rather they should institute a SWM system 
that will position the State towards achieving a zero waste 
community. This is achievable if an enabling environment 
is provided for stakeholders, including waste generators, 
Oyo State Solid Waste Management Authority 
(OYOWMA), the private sector, non-governmental 
organisations, community-based organisations and the 
informal waste sector to collaborate. 

There is a need to actively engage the community by 
establishing a waste management committee. The 
committee should include volunteers serving as 
environmental stewards to ensure households comply 
with best practices in SWM. On the other hand, OYWMA 
should oversee the activities of the private waste firms in 
charge of solid waste collection to ensure that quality 
service delivery to the households is guaranteed. 

The Oyo State government and the private consultant 
on SWM should intensify efforts on public campaigns and 
awareness about the importance of sustainable SWM. 
This can be achieved through school programmes, 
community workshops and public outreach initiatives. 

The resuscitation of the Alesinloye recycling plant 
should be pursued as a matter of urgency by the 
appropriate authorities. The recycling plant will help 
process recyclables from the solid waste generated and 
thus reduce the quantity of non-biodegradable waste that 
may end up in landfills. 
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Abstract 

Dengue fever is frequently considered a common fever, and this misconception carries the highest risk of fatality. 
Dengue haemorrhagic fever is still one of Riau Province's unsolved diseases. This is one of the reasons why this study 
is necessary to identify prospective mosquito environmental zones with major significance for understanding 
epidemic transmission in the Pekanbaru City area. The bivariate statistical approach was employed in this research. 
The aim is to link environmental physical factors to data on the occurrence of dengue haemorrhagic fever in Pekanbaru 
City. The area under the curve for the correlation between the environment and the distribution of dengue 
haemorrhagic fever was 0.76 for the rainfall parameter, with 0.68 for the area under the curve derived from the air 
humidity parameter. The establishment of six environmental indicators resulted in a weight of evidence value of 
10,467 to -35,693 for the mosquito's environmental potential. Meanwhile, the most favourable potential zone, which 
encompasses 5,935 ha, accounts for 9.18% of the overall area. Areas with the highest risk of spreading Aedes aegypti 
mosquitoes were found around the city center, both residential and office areas. The risk of dengue haemorrhagic 
fever transmission in this zone is higher than in the other three zones. By taking earlier events into account, this 
knowledge can be one of the early preventions in understanding the environmental structure of the Aedes aegypti 
mosquito habitat. 
Keywords: environment, surveillance, sustainability, Pekanbaru City 

 

Introduction 

Infectious diseases with endemic infection of dengue 
haemorrhagic fever originating from the Aedes aegypti 
mosquito can be spread through bites and transmitted 
from person to person. Other species in the distribution of 
this disease include Ae. albopictus, Ae. polynesiensis, Ae. 
scutelaris and Ae. Niveus as a secondary vector (Alam & 
Haque, 2021). Species from secondary vectors have a 
limited distribution space with a distribution rate of 
epidemic vectors that is less efficient than primary 
epidemic vectors despite having excellent host capabilities 
for the dengue virus (Louis et al., 2014). The flight range of 
the Aedes aegypti mosquito is as far as 40 meters with a 
height of up to 1,000 meters above sea level (Verdonschot 
& Besse-Lototskaya, 2014). The virus can be transmitted 
by the Aedes aegypti mosquito, causing individuals to get 
infected during the acute fever phase and facilitating 
transmission even after the onset of fever (Nunthavichitra 
et al., 2020). The virus becomes infective about 8-12 days 
after the mosquito sucks the blood of a patient who is 
viraemic and remains infective after a period of salivary 
gland viremia where the mosquito bites and secretes 

saliva into the bite wound into another person's body (Her 
et al., 2017). The next stage is the occurrence of an 
incubation period in the human body for 3-14 days with 
sudden onset of symptoms of the disease (Firdous et al., 
2017). It is unknown whether the case reported in the sub-
district was locally acquired or imported from a 
neighbouring sub-district because information about the 
source of infection is not obtained by the surveillance 
system (Wangdi et al., 2020; Tsheten, Clements, Gray, & 
Wangdi, 2021). In some places, it is vital to update the 
identification of possible dengue virus or other mosquito-
borne disease vectors, which has substantial 
consequences for disease occurrence (Naish et al., 2014; 
Salim et al., 2021). Dengue fever is sometimes confused 
with a common fever which increases the risk of death 
significantly (Koyadun, Butraporn, & Kittayapong, 2012; 
Zambrano et al., 2017). 

Currently, there is a need for the identification of 
potential vector of the dengue virus or other mosquito-
borne diseases in specific areas to be updated, in order to 
better understand the development of disease incidence. 
The symptoms of the condition are divided into three 
phases: fever, shock, and recovery, which is characterized 
by headaches, muscular aches, and bone pain (Hnusuwan, 

https://creativecommons.org/licenses/by-nc-nd/4.0/
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Kajornkasirat, & Puttinaovarat, 2020). Various 
epidemiological transmissions of infectious diseases, such 
as diarrhea, typhoid, malaria, and dengue fever, can be 
approximated using spatial models by enhancing the 
effectiveness of treatments that will lead to improved 
results (Phanitchat et al., 2019). A study in Kaohsiung City, 
Southern Taiwan, looked at the association between 
climatic conditions and the dengue outbreak and 
discovered that humidity and bite rates were substantially 
connected with cases of dengue disease (Cheng et al., 
2020).  

The purpose of using geographic information systems 
for studies is often used as a predictive model, for 
example, several layers of data indicating vector disease 
may be combined spatially to predict vector disease 
prevention as an output map (Pineda Cortel, Clemente, & 
Nga, 2019). Many studies have applied a probabilistic 
model (Phung et al., 2015), this model is important before 
entering other statistical models to gain a better 
understanding of the spatial extent of dengue outbreaks, 
especially in certain areas so that they can be planned 
specifically (Mutheneni, Mopuri, Naish, Gunti, & 
Upadhyayula, 2018). Several studies on disease geography 
are categorized into three classes related to the ecological 
environment, disease clusters, and disease distribution 
(Murad & Khashoggi, 2020). Geographical information 
system-based disease mapping information depends on 
the interests of researchers in sharpening the research 
area (Sekarrini et al., 2021). Dengue haemorrhagic fever 
symptoms are still one of Indonesia's unsolved diseases 
(Faridah et al., 2021). According to the Riau Provincial 
Health Office, 3,375 cases of dengue haemorrhagic fever 
were reported, with as many as 27 deaths. Bengkalis 
Regency had the most dengue fever cases, with 956 cases, 
followed by Pekanbaru City with 400 cases, and Dumai City 
with 378 cases, out of the 12 regencies/cities (Frislida, 
2020). Pekanbaru City has a unique situation, since the 
average dengue haemorrhagic fever case per sub-district 
is not in line with population density, except for Sukajadi 
District, which has a fairly high average dengue 
haemorrhagic fever case, specifically in 2015–2018 
(Juwita, Purwitasari, & Masnarivan, 2020). 

The development of dengue environmental studies 
using satellite-based climate data, in conjunction with 
geospatial data, allows for a reduction in the dependence 
on time-consuming field data (Kesetyaningsih, Andarini, 
Sudarto, & Pramoedyo, 2018). This, in turn, facilitates the 
minimization of delays in predictions through the 
application of appropriate statistical analysis. The 
existence of bias often results from the inappropriate use 
of methods in a problem (Mala & Jat, 2019). 
Characterization is accomplished by applying quantitative 
values that directly describe the actual conditions of Aedes 
aegypti mosquito presence. The information on the 
prospective spread of the Aedes aegypti mosquito in the 
Pekanbaru City region is still limited and incomplete, 
particularly when it comes to the environmental 

dispersion of the Aedes aegypti mosquito, which is 
important for early prevention (Giofandi & Umar, 2021). 
One strategy to combat the problem of dengue 
haemorrhagic fever is to eliminate or limit the presence of 
the Aedes aegypti mosquito (Riyanto et al., 2020). The 
presence of bias is generally one of the disadvantages of 
utilizing the approach in a problem; however, in the 
environmental needs of the Aedes aegypti mosquito, a 
class criteria value limit is given to eliminate this bias 
(Maula et al., 2018; Majid et al., 2019). These 
characteristics are determined using a bivariate statistical 
approach that employs quantitative values to directly 
characterize the current state of the Aedes aegypti 
mosquito's existence. The physical parameters of 
Pekanbaru City distinguish this study from earlier 
research. As a result, the goal of this study was to establish 
the Aedes aegypti mosquito's environmental potential in 
limiting dengue fever transmission by forming a cluster of 
environmental potential levels in Pekanbaru City. 

Study area 

The study area is delineated by the plains surrounding 
the urban area of Pekanbaru City (0.5333oN and 101.45oE), 
situated in Riau Province, serving as the capital of the 
province with an area of 402.32 km2 (Fig. 1).  

 

 

Figure 1. The geographical location of the study area 

Pekanbaru City is positioned on an alluvial plain, where 
most of the area is characterized by wetlands, with some 
areas also designated as peatlands. Climatological 
conditions in this area include an annual average 
temperature of 26.76oC, an average humidity of around 
84.8%, and an average monthly rainfall of 286.5 mm3. The 
area is encompassed by the Siak watershed, covering an 
area of 1,124 km2, which also includes surrounding 
districts and provinces. Currently, land use and land cover 
(LULC) in Pekanbaru City are predominantly influenced by 
plantation vegetation, built-up land, shrubs, and mixed 
gardens (Giofandi & Sekarjati, 2020). The socio-
demographic aspect of this urban area is represented by 
1,117.54 people, with a population density of 1,800 
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people/km2. Meanwhile, a population growth rate of 
1.30% is observed, and the poverty rate is 3.06% of the 
total population in Pekanbaru City. Based on the growth of 
the gross regional domestic product in Pekanbaru City, it 
was recorded at 6.78%, surpassing that of other regions 
within Riau Province. In terms of health, an increase in 
dengue fever cases is observed in the area, along with 
limited information on the potential transmission of Aedes 
aegypti mosquitoes. This information is deemed essential 
for the formulation of prevention strategies based on the 
environmental characteristics of Pekanbaru City. 

Materials and Methods 

This study uses a statistical model that considers 
bivariate statistical analysis approaches to determine the 
probability class of dengue haemorrhagic fever for the 
study area. The Dengue Haemorrhagic Fever incidence 
database is a compilation of surveillance calculations 
carried out from January to December 2020 by the 
Pekanbaru City Health Office. The data is recorded by 
name and address, including latitude and longitude 
coordinates. 

Table 1. Database structure 

No Name of Data Basis Type Resolu-
tion 

Attribute Acquisition 

1 Occurrence Vector 1:5.000 Address Primary (from Health Ministry, 2021) 

2 Land Use Vector 1:25.000 Usage Type Primary (from Ministry of Public Work and Pub-
lic Housing, 2021) 

3 Elevation Raster 8m Height Value (m) Model (from GIA, 2021) 

4 Rainfall Raster 10m Rainfall Value 
(mm/year) 

Model (from MCGA, 2021) 

5 Humidity Raster 10m Humidity Value 
(%) 

Model (from MCGA, 2021) 

6 Vegetation Density Raster 10m Density Value Secondary (from Sentinel Image-2A, 2021) 

7 Surface Temperature Raster 30m Value of Surface Tem-
perature (°C) 

Secondary (from image of Landsat OLI 8, 2021) 

 

The dependent variable for ascertaining the causal 
statistical effect is dengue fever data, with trigger 
coefficients (land use, elevation, rainfall, humidity, 
vegetation density, and surface temperature) serving as 
representations of the independent variables (Table 1 and 
Table 2). The inclusion of these coordinates is essential for 
the evaluation of potential Dengue Haemorrhagic Fever 
outbreak transmissions, ensuring the accuracy of the data. 
This method of analysis accurately describes the results of 
prior studies for various area sizes. The statistical model is 
proposed to be implemented using a geographic analysis 
model technique that has the result by creating a spatial 
database, digital vector, raster, and adapting the 
requirements of the domestic Aedes aegypti mosquito's 
environmental potential model (Kirkwood & Sterne, 
2003). 

It was decided to use the average spatial scale used in 
the spatial analysis modelling in identifying the potential 
environment for the Aedes aegypti mosquito as a support 
for the 1:50,000 scale map in the realization of the vector 
database, taking earlier events into account the average 
spatial scale used in the spatial analysis modelling in 
identifying the potential environment for the Aedes 
aegypti mosquito. The Ministry of Public Works and Public 
Housing and the National Digital Elevation Model with a 
scale of 1:25,000 are used to get land use and elevation 
parameters indirectly. Mosquito communities with a 
higher diversity of disease vector species in urban areas 
are significantly contributed to by land use that reflects 

anthropogenic activities (Steiger, Ritchie, & Laurance, 
2016). The presence of built-up land in peri-urban areas, 
characterized by small village buildings, introduces a 
weakness in the categorization of land use classification. 
Generally, land cover characteristics, such as vegetation 
and water bodies (e.g., forest, plantation, bush, mixed 
plantation, field, open space, lake, river, and aquaculture), 
should not be associated with dengue fever incidence. 
However, a higher number of incidents than built-up land 
is observed in the study area. This is influenced by 
vegetation cover (e.g., fields, shrubs, and plantations), 
which should be able to provide information on the built-
up land below a certain height. Furthermore, uses like 
rivers, even with relatively small buildings, are often 
generalized into vegetation or water bodies, influencing 
the overall discussion. One of the main considerations in 
the utilization of land use data is the unavailability of high-
resolution raw image data and the absence of other land 
use databases that can provide more detailed information. 
Since the data is officially available from the relevant 
agencies and is fully taken into consideration and 
incorporated in the spatial modelling study, the usage of 
database parameters with varied scales was chosen. 

One of the most important databases used in 
modelling the spatial analysis of the Aedes aegypti 
mosquito's environment is rainfall and surface 
temperature identified in the study area, the parameters 
obtained with a 30-meter resolution raster data format 
based on geographic coordinates. The event database is 
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divided into two usage structures in spatial modelling of 
the Aedes aegypti mosquito environment, namely, the 
structure represented by the point of the incident location 
that will be used as a calculation of the bivariate statistical 

probability value and the event point structure is used as 
a step in calculating the final result validation value based 
on Weights of Evidence (WoE) and Area Under Curve 
(AUC) event characteristics.

Table 2. The environmental assessment parameters for Aedes aegypti mosquitoes 

Variable Class Area (Km2) Percentage (%) 

Rainfall 1571.41 - 1499.00 94 14.42 

(mm/year) 1549.00 - 1363.44 188 28.83 

 1363.44 - 1269.05 181 27.76 

 1269.05 - 1055.96 189 28.99 

Air 88.21 - 85.44 198 30.37 

Humidity 85.44 - 84.29 182 27.91 

(%) 84.29 - 82.94 148 22.7 

 82.94 - 81.55 124 19.02 

Vegetation -0.80 – 0.25 151 23.16 

Density 0.25 – 0.50 222 34.05 

 0.50 – 0.70 242 37.12 

 0.70 – 0.90 37 5.67 

Elevation 79 - 43 68 10.43 

(masl) 43 - 28 155 23.77 

 28 - 14 172 26.38 

 14 - 0 257 39.42 

Surface 30 - 28 8 1.23 

Temperature 28 - 24 158 24.23 

(oC) 24 - 21 322 49.39 

 21 - 17 164 25.15 

Land Use  Forest 37 5.67 

 Plantation 242 37.12 

 Bush 122 18.71 

 Mixed Plantation 85 13.04 

 Field 15 2.3 

 Open Space 22 3.37 

 Residence 119 18.25 

 Lake 2 0.31 

 River 6 0.92 

 Aquaculture 2 0.31 

 
The Weights of Evidence (WoE) statistical model 

belongs to the category of bivariate approaches based on 
the probability of being predicted by some binary patterns 
to predict other binary patterns. According (Bonham-
Carter, 1994), the Weights of Evidence statistical model is 
calculated using the formula: 

W+ = In [
P{B|A}

P{B|A}
] (1) 

 

W˗ = In [
P{Ḇ|A}

P{Ḇ|Ā}
](2) 

The description of W+ and W- explains that the value 
of P is the probability and In is the natural logarithm, with 
B and Ḇ indicating the presence or absence of side 
conditions in each factor, and A and Ā reflecting the 
presence or absence of dengue haemorrhagic fever 
incidence in each variable. After the WoE calculation is 
executed, the dengue haemorrhagic fever incidence data 
is tested to determine the AUC value, resulting in a 
comparison graph depicting the percentage of the total 
area of the parameter class. If the Area Under Curve value 
for the environmental parameters influencing the 
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incidence is >0.6, then it is considered that a parameter is 
affecting the incidence. 

The database is built as a core model as part of a larger 
model (climate, topography, and vegetation) to identify 
the mosquito's living environment using spatial analysis as 
the foundation for development. Regarding the related 
vector/raster derivative databases (topography, 
settlements, vegetated land), the same resolution was 
chosen to maintain the raster value against the spatial 
scale and obtain a high overall accuracy value. 

Results 

The equation is used to calculate the correlation 
coefficient between the incidence of dengue 
haemorrhagic fever and each environmental parameter 
used. The results of the Area Under Curve of each 
parameter that is thought to affect the occurrence of 
dengue haemorrhagic fever in 2020 in Pekanbaru City are 
presented in Figure 2. 

 

Figure 2. The value of the area under the curve of 
environmental parameters 

 
 
 

 

Figure 3. Map-based on bivariate statistical values 

The findings related to the relationship between the 
environment and the distribution of dengue haemorrhagic 
fever from 6 environmental parameters resulted in 
different under curve area values as follows: rainfall (0.76), 
vegetation density (0.75), surface temperature (0.73), 
elevation (0.72), land use (0.72), humidity (0.68). The 
value of the area under the curve is used to determine the 
level of relationship between each parameter with 611 
cases of dengue haemorrhagic fever. According to the 

value obtained from the area under the curve, it is known 
that the binary logistic regression model has a high 
predictive performance. This value indicates that the value 
of the frequency ratio between the location of the incident 
and environmental variables shows their respective 
effects in responding to the symptoms of dengue 
haemorrhagic fever. The geographic distribution and 
temporal patterns of dengue incidence are primarily 
influenced by rainfall, with a crucial role played in 



 
Environmental potential of Aedes Aegypti Mosquitoes for Dengue haemorrhagic fever in Pekanbaru, Indonesia 

184 

outbreak intensity by temperature (Arcari, Tapper, & 
Pfueller, 2007). Air humidity in the range of 70% to 90% at 
intervals of 10-18 weeks positively affects dengue 
incidence, while negative impacts are observed at air 
humidity below 70% at intervals of 4-9 weeks (Talagala, 
2015). Additionally, a significant association is found 
between dengue and the estimated normalized difference 
vegetation index (NDVI) (Acharya et al., 2018). This 
underscores the significance of certain land use factors, 

exhibiting a statistically significant positive correlation 
with the number of dengue cases. The amplification of 
disease transmission is further facilitated by the interplay 
between these factors and human elements (Chen et al., 
2019). The main advantage of using logistic regression is 
that it allows the application of a binary dependent 
variable type in effect probability for environment-based 
mapping, shown in Figure 3.

Table 3. Bivariate statistical values for the overall parameter index 

Variable Category Potential Interval Area (Km2) Percentage (%) 

Rainfall High 1674 – 415 187 28.68 

(mm/year) Medium 415 – (-2300) 128 19.63 

 Low (-2300) – (-5841) 82 12.58 

  Very Low (-5841) – (-5916) 255 39.11 

Air High 1631 – 457 139 21.32 

Humidity Medium 457 – (-509) 166 25.46 

(%) Low (-509) – (-5932) 79 12.12 

  Very Low (-5932) – (-6011) 268 41.1 

Vegetation High 1344 – (-264) 169 25.92 

Density Medium (-264) – (-2287) 116 17.79 

 Low (-2287) – (-5915) 243 37.27 

  Very Low (-5915) – (-5949) 124 19.02 

Elevation High 2191 – 800 91 13.96 

(masl) Medium 800 – (-735) 97 14.88 

 Low (-735) – (-5903) 398 61.04 

  Very Low (-5903) – (-5929) 66 10.12 

Surface High 2677 - 719.35 97 14.88 

Temperature  Medium 719.35 – (-1337.82) 97 14.88 

(°C) Low (-1337.82) – (-5750.81) 393 60.28 

  Very Low (-5750.81) – (-5784) 65 9.97 

Land Use  High 2899 – (-1067) 141 21.63 

 Medium (-1067) – (-2589) 158 24.23 

 Low (-2589) – (-5968) 266 40.8 

  Very Low (-5968) – (-6106) 87 13.34 

Source: Analysis, 2021 

The environmental potential of mosquitoes, 
categorized as having a very low potential level, was 
assessed with a Weight of Evidence (WoE) value ranging 
from -35,693 to -5,713 (Table 3). A low environmental 
potential level is indicated by a WoE range of -5,713 to 
3,099, while a moderate environmental potential is 
determined within a WoE range of 3,099 to 5,343. A high 
environmental potential is denoted by a WoE value 
between 5,343 and 10,467. Pekanbaru City is classified in 
the category of very low environmental potential, with a 
WoE value ranging from -35,693 to -5,713, encompassing 
62.24% of the total area, equivalent to 40,232 hectares. 
Areas of finding low environmental potential are scattered 

in almost all sub-districts. The low environmental potential 
has a WoE value of -5,713 to 3,099 and covers 22.80% with 
an area of 14,736 hectares. Additionally, areas of 
moderate environmental potential are also spread across 
nearly all sub-districts. The medium environmental 
potential has a WoE value of 3,099 to 5,343 which includes 
5.78% with an area of 3,733 hectares. Furthermore, areas 
of high environmental potential were found in almost all 
sub-districts except for Tenayan Raya, Rumbai, Rumbai 
Pesisir, and Tampan sub-districts resulting in a WoE value 
of 5,343 to 10,467 covering 9.18% with an area of 
exposure of 5,935 hectares.
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Figure 4. Mosquito environmental potential map 

Table 4. The potential mosquito breeding areas in each sub-district in Pekanbaru City 

Category District Area (Ha) Category District Area (Ha) 

Very Low 

Tampan 736 

Medium 

Bukit Raya 356 

Marpoyan Damai 59 Sail 57 

Bukit Raya 216 Sukajadi 15 

Sail 12 Pekanbaru Kota 19 

Lima Puluh 58 Senapelan 19 

Payung Sekaki 1.162 Lima Puluh 81 

Tenayan Raya 11.921 Payung Sekaki 394 

Rumbai Pesisir 16.696 Tenayan Raya 626 

Rumbai 9.288 Rumbai Pesisir 198 

 
 
 
Low 

Tampan 2.905 Rumbai 138 

Marpoyan Damai 1.171 

High 

Tampan 870 

Bukit Raya 877 Marpoyan Damai 1.420 

Sail 105 Bukit Raya 865 

Sukajadi 8 Sail 254 

Pekanbaru Kota 18 Sukajadi 370 

Senapelan 11 Pekanbaru Kota 169 

Lima Puluh 107 Senapelan 247 

Payung Sekaki 1.748 Lima Puluh 279 

Tenayan Raya 4.190 Payung Sekaki 864 

Rumbai Pesisir 1.576 Tenayan Raya 229 

Rumbai 2.007 Rumbai Pesisir 235 

Medium 
Tampan 1.118 Rumbai 131 

Marpoyan Damai 433    



 
Environmental potential of Aedes Aegypti Mosquitoes for Dengue haemorrhagic fever in Pekanbaru, Indonesia 

186 

The results of the assessment of mosquito potential 
environmental categories were compiled to determine the 
potential for transmission in the study area (Figure 4 and 
Table 4). The level of environmental potential of 
mosquitoes from all parameters in the study area can be 
explained as follows (a) a very low level of potential for the 
environment is observed, with humidity values ranging 
from 83 to 88%. This value is in line with the climatological 
process which assumes the value of humidity is inversely 
proportional to rainfall. In other words, when the humidity 
value is high, the rainfall value will be lower which is 
indicated by the rainfall value ranging from 1387 to 1055 
mm/year. If viewed from other parameters, the existence 
of a very low category through the interpretation of land 
use outside the built-up area is in line with the vegetation 
density value which is close to 0.91. This value describes 
land uses such as fields, shrubs, mixed gardens, 
plantations, and forests. The very low presence of Aedes 
aegypti mosquitoes and the low probability of 
transmission of dengue outbreaks are explained by the 
finding on the surface temperature parameter, around 
<20°C. At this level of potential, there are 27 cases. The 
findings suggest that the presence of undetected built-up 
land in the land use generation and dense vegetation 
cover constitutes barriers to the detection of 
anthropogenic activities. The very low potential category 
includes the sub-districts of Tampan, Marpoyan Damai, 
Bukit Raya, Sail, Lima Puluh, Payung Sekaki, Tenayan Raya, 
and Rumbai. Additionally, the Rumbai Pesisir sub-district 
is encompassed as the largest area in the 'very low 
potential' category, comprising 16,696 hectare/ 167 km2. 

Furthermore, (b) low environmental potential level 
means the mosquito environmental potential level is low 
based on findings in the form of 15 cases of dengue 
haemorrhagic fever. If viewed from other parameters, the 
annual rainfall is found to be in the range of 1387 to 
1431.61 mm/year. In terms of land use parameters, the 
low potential level is located on the outskirts of the city 
with built-up land exposed to low zones around shrubs, 
mixed gardens, and fields. At the low potential level, 133 
cases were identified. This was reinforced by the density 
of vegetation and rainfall around the location, resulting in 
a description of low potential. The presence of Aedes 
aegypti mosquitoes is indicated, although not as 
numerous as in the medium and high potential levels. The 
Tenayan Raya sub-district is encompassed as a large area 
within the low potential category, covering 4,190 hectares 
or 41.9 km2. Additionally, the low potential category can 
be observed in the sub-districts of Tampan, Marpoyan 
Damai, Bukit Raya, Sail, Sukajadi, Pekanbaru Kota, 
Senapelan, Lima Puluh, Payung Sekaki, Rumbai, Rumbai 
Pesisir, and Tenayan Raya. 

However, (c) the moderate level of environmental 
potential overlaps the area where the level of 
environmental potential for mosquitoes is low based on 
information obtained from several parameters such as 
land-use zoning with moderate potential in built-up land. 

Rainfall conditions range from 1138.7 to 1571.4 mm/year 
and the surface temperature listed is 24°C to 29°C. This 
climatological value informs that many mosquito habitats 
are starting to be found, so dengue fever cases are 
common in this area. In terms of dengue haemorrhagic 
fever incidence, 97 incidents were recorded at the high 
potential level, with the Tenayan Raya sub-district having 
the largest area, reaching 626 hectares/ 6.26 km2 
compared to other sub-districts. The distribution of this 
medium potential category can be found in the sub-
districts of Tampan, Marpoyan Damai, Bukit Raya, Sail, 
Sukajadi, Pekanbaru Kota, Senapelan, Lima Puluh, Rumbai 
Pesisir, Rumbai, and Payung Sekaki. Overall, a significant 
relationship was observed for all variables in associating 
the mosquito living environment with incidence in 2020.  

Finally, (d) high level of environmental potential. In this 
case, the potential level of the mosquito environment is 
high when viewed based on cases that occurred in 2020 
where almost all cases occurred in the zone. Climatic 
factors play a major role in determining the habitat of the 
Aedes aegypti mosquito, ranging from land use such as 
built-up land and surface temperatures that reach 24°C to 
32°C. This is in line with research (Sarfraz, Tripathi, 
Faruque, & Bajwa, 2014) which explains that the ideal 
surface temperature ranges from 24°C to 28°C for the 
habitat of the Aedes aegypti mosquito. Rainfall which 
reaches 1387.47 to 1571.41 mm/year also has similarities 
to research (Santos et al., 2019) which found that 1500 – 
3670 mm/year of rainfall is suitable for the survival of 
mosquitoes. The vegetation density in this area is close to 
-0.168 which indicates that this area is not vegetated or 
land is built up. This density value is in line with research 
(Nejati et al., 2017) which says that the smaller the 
vegetation or close to 0 – 0.25, the more high presence of 
mosquitoes in the area. At the high potential level, there 
were 344 cases of dengue haemorrhagic fever, with many 
found in the sub-districts of Tampan, Marpoyan Damai, 
Sail, Sukajadi, Pekanbaru Kota, Senapelan, Lima Puluh, 
Payung Sekaki, Tenayan Raya, Rumbai, Rumbai Pesisir, and 
Bukit Raya. The largest area of high mosquito potential is 
covered by Marpoyan Damai sub-district, comprising 
1,420 hectares or around 14.2 km2. 

Discussion 

This study assesses the relationship between physical 
factors and incidence cases to examine potential zones of 
dengue haemorrhagic fever in Pekanbaru City, Riau 
Province. The application of geographic information 
system technology to map the presence of disease, 
density, and the root cause of the source of disease 
infection can be determined. The findings of the spatial 
analysis shown in the research results add to the 
explanation that there is interference from human 
activities to form new mosquito habitats, both from 
household activities and urban industry. Furthermore, 
when viewed in suburban areas, these areas are 
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experiencing increased growth thus making them limited 
by non-standard sanitation facilities which add to the 
potential immediate impact throughout the peri-urban 
area. Generally, the growth and development of dengue 
vectors depend on the climatological conditions of the 
surrounding environment. Because dengue is a vector-
borne disease, the occurrence of dengue infection 
depends on the presence and density of vectors 
(Ramachandran, Roy, Das, Mogha, & Bansal, 2016). 
Several studies that have been conducted around the 
world explain that climatological factors such as 
temperature, humidity, and rainfall are the most 
important factors due to seasonal variations in the 
presence of the Aedes aegypti vector (Servadio et al., 
2018; Lubinda et al., 2019; Estallo et al., 2020; Nuraini et 
al., 2021). 

Some public health experts are shifting their focus 
away from disease etiology models that are based on 
individual risk factors and toward more complicated 
models that include the impacts of the physical and social 
environment (Geanuracos et al., 2007; Sekarrini, Sumarmi, 
Bachri, Taryana, & Giofandi, 2022). Areas with a poor 
socioeconomic class and a high number of slum homes are 
important criteria to consider when doing epidemiological 
research to see if disease clustering exists, starting with a 
rational interpretation of the population at risk (Ernst et 
al., 2013; Gillam & Charles, 2019; Wamukoya et al., 2020). 
Spatial grouping is one method for identifying possible 
groupings for the transmission of an outbreak. 
Furthermore, the amount of public concern, which can 
range from a few persons to a huge group, must be taken 
into account when conducting health research and 
developing epidemic management plans. Through 
exploratory analysis and periodic studies, public health 
surveillance is anticipated to contribute to the discovery 
of variables and causes of health problems. Because Aedes 
aegypti has a small flight range and is unlikely to transmit 
over large distances, the migration of persons infected 
with dengue must also be taken into account (Spitzen et 
al., 2017; Menda et al., 2019). 

Our study has a lot of limitations, ranging from data 
collecting that only provides information on the total 
number of cases to annual data that combines all causes, 
making it impossible to analyse cases, particularly for their 
reasons. The majority of dengue fever cases reported to 
the Pekanbaru City Health Office are the result of 
epidemiological surveillance investigations involving 
moderate or severe cases. As a result, mild dengue fever 
cases have not been counted by researchers. People in 
Indonesia can simply buy drugs from any pharmacy to 
treat themselves without having to go to the hospital, 
however, the data collected from hospital admissions or 
public health institutions are utilized to offer serious and 
more reliable data measures. The last one, this research is 
limited in analysing sensitivity to several socio-
demographic factors such as hygiene behaviour, 
household, economic status, and sanitation. Better data 

collection mechanisms and rigorous monitoring of case 
determination are also required, as well as elucidation of 
the role of confounding factors and potential modifiers in 
the observed connections. 

Another issue that must be considered when 
modelling is the use of spatial-temporal analysis scales. 
The spatial structure and temporal characteristics can 
provide useful information related to risk assessments 
that will be used either in a national program or by 
residents (DeRoeck et al., 2003; Pollett et al., 2018; 
Rahman et al., 2021). Dengue control through preparation 
and response to dengue epidemics is sensitive to regional 
and global landscape conditions. Therefore, we suggest 
developing a model at the level of detail and local scale 
that will increase the predictive capacity, by adding the 
local factors that most significantly affect the transmission 
of dengue fever. 

Conclusion 

The study's findings were generated from data on the 
dengue haemorrhagic fever monitoring population and 
mosquito environmental factors, which included elements 
such as surface temperature, rainfall, humidity, land use, 
plant density, and surface elevation. In the regional scale 
of Pekanbaru City, the findings reveal a major zoning 
structure with four distributions of the predicted habitat 
of the Aedes aegypti mosquito. Some of the shortcomings 
that we identified include other variables such as social, 
sanitation, and environmental hygiene in the community 
that we did not include in the study. The estimated risk of 
spreading Aedes aegypti mosquitoes was discovered 
around the city centre, both residential and office areas, 
according to this study. This zone has a higher risk of 
dengue haemorrhagic fever transmission than the other 
three. By taking earlier events into account earlier events, 
this knowledge can be one of the early preventions in 
understanding the environmental structure of the Aedes 
aegypti mosquito habitat. This establishes a relationship 
between the impact of the urban landscape on the Aedes 
aegypti mosquito's habitat in the Pekanbaru City region as 
preventive knowledge in the management of dengue 
haemorrhagic fever transmission. 
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Abstract 

The fast-paced life has led many people to practise more frequent and shorter trips to nature. City dwellers are 
particularly inclined to this. Protected areas (PAs), especially those in the vicinity of cities, provide a good opportunity 
for one-day excursions and nature-based recreation. The paper presents the results of research aimed at determining 
how many city dwellers in Serbia use the surrounding PAs for this kind of activities. On a random sample of 247 
residents of the City of Vršac above the age of 15, the survey method, with the help of the Statistical Package for the 
Social Sciences (descriptive statistics, Chi-Square Test and Kruskal-Wallis Test), confirmed the research hypothesis that 
the utilization of these areas for recreation purposes was insufficient. Based on this and four additional hypotheses 
that were tested, conclusions are drawn that will serve to define guidelines for the development of excursion tourism 
in the studied areas and enrich the scarce local scholarly literature on the utilization of PAs for recreation by the urban 
population. 
Keywords: protected areas, one-day excursions, nature-based recreation, city of Vršac 

 

Introduction 

All types of activities in free time that develop creative 
potential, health, life optimism, satisfaction and improve 
the quality of life in people who practise them are 
considered to be recreation. Accordingly, an area with a 
more pronounced presence of recreational activities is 
considered to be a recreation area (Zmijanović, 2016).  

Protected areas are increasingly attractive as 
recreation areas. Recreation, as an important function of 
these areas, has had a long tradition in Europe. People 
practise various forms of sports events there, either in an 
organized (sport events) or in an unorganized (family fun) 
form, which requires a certain degree of organization and 
equipment (Eagles, & McCool, 2002). In recent years, the 
world has seen an increase in the demand for nature-
based tourism, and the WTO assumes that this growth 
trend will only continue in the future (Zmijanović, 2016). 
A similar situation has been observed in Serbia, especially 
since the Covid-19 pandemic was declared (Štetić, Trišić, & 
Gvozden, 2021). 

In the territory of the Republic of Serbia, protected 
areas cover 7.81% of the total territory 
(https://www.zzps.rs/wp/centralni-registar/). In the 
territory of the Autonomous Province of Vojvodina, they 
account for 6.91% (https://pzzp.rs/zastita-prirode/zastita-
prirode/registar-zasticenih-podrucja.html). This research 
focuses on PAs in the territory of the City of Vršac and the 
tendency of its inhabitants to use them for excursions and 
recreation. Some international authors dealt with this 
topic, using the example of other cities and other 

protected areas (Boll, Von Haaren, & Von Ruschkowski, 
2014; Opačić et al., 2014). In the local scholarly literature, 
the topic has been studied on the example of the town of 
Pančevo (Jojić Glavonjić, 2022), while technical and 
scholarly studies on the opportunities for developing 
excursion and recreational tourism as forms of sustainable 
tourism in protected areas around the City of Vršac are 
more numerous (Brankov, 2010 ; Vujko, 2011; Stojanović, 
et al., 2011; Bjeljac, & Romelić, 2015; Trišić, 2020; Štetić et 
al., 2021; Trišić, 2022). 

Based on the experience of the mentioned studies, 
and primarily on the basis of the conclusions derived from 
direct, formal and informal conversations with the 
residents of the City of Vršac, the null hypothesis (H0) was 
formulated and an alternative hypothesis (HA) was 
derived from it: 

H0: The residents of the City of Vršac do not use PAs in 
their surroundings frequently. 

HA: The residents of the City of Vršac use PAs in their 
surroundings frequently. 

In order to verify the main research hypothesis (The 
residents of the City of Vršac do not use PAs in their 
surroundings frequently) based on informal conversations 
with residents of the City of Vršac and visits to three PAs, 
the frequency of visits to each of the three existing PAs 
individually was first analyzed. That is why three 
subhypotheses were formulated: Ha: Residents of the City 
of Vršac do not visit frequently the REC Vršac Mountains; 
Hb: Residents of the City of Vršac do not visit frequently 
the PH Mali Vršački rit; and Hc: Residents of the City of 
Vršac do not visit frequently the SNR Deliblato Sands. 

https://creativecommons.org/licenses/by-nc-nd/4.0/
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The research hypothesis and subhypotheses were 
verified by conducting a survey among the residents of 
Vršac, and the obtained results were analyzed with the 
help of the Statistical Package for the Social Sciences 
(SPSS), version 20. In order to reach the statistical 
conclusion of this research, descriptive statistics and 
relevant statistical tests were used. 

Study area 

Eight settlements in the Autonomous Province of 
Vojvodina (AP Vojvodina) have the status of city, the City 
of Vršac being one of them (Statistical Office of the 
Republic of Serbia [SORS], n.d.). It is located in the 

northeast of Serbia, near the border with Romania, and is 
the only city in Vojvodina located on the boundary 
between the lowland and mountain regions (Ćurčić, 
2004). According to the 2011 Census, the urban 
settlement of Vršac had a total of 36,040 inhabitants 
(SORS, 2012). 

There are a total of 11 protected areas in the territory 
of the City of Vršac (https://pzzp.rs). Most of them are 
natural monuments, and only three meet the conditions 
for recreation in terms of surface and structure. These are: 
the Vršac Mountains (Vršačke planine) Region of 
Exceptional Characteristics (REC), the Protected Habitat 
Mali Vršački rit (PH) and the Special Nature Reserve of 
Deliblato Sands (Deliblatska peščara)(SNR).

 

Figure 1. Protected areas in the vicinity of the City of Vršac 

Source: Author's research 

Vršac Mountains Region of Exceptional 
Characteristics  

The Vršac Mountains are a range of mountains located 
mostly in Serbia (122km2), with a smaller part in Romania 
(50 km2) (Davidović, Miljković, & Ristanović, 2003). Like an 
island, the mountains rise above the lowland relief of 
Vojvodina and are well forested. The plural in the name 

(mountains, not a mountain) reflects their structure: they 
are composed of four mountain blocks, which are clearly 
separated by three deep intermountain passes (Zeremski, 
1985).  

In 2005, the Vršac Mountains site was designated a 
Region of Exceptional Characteristics and declared a 
Protected Area of the First Category 
(international/national importance). In order to preserve 
its shape, geological structure and its specific wildlife, 
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three protection regimes have been established (Odluka o 
zaštiti predela izuzetnih odlika „Vršačke planine”, Decision 
on the protection of the landscape of exceptional features 
"Vršačke planine", 2005). In September 2006, the category 
of this protected area was changed to the third category 
(local importance), and in 2019 to the second category 
(provincial/regional importance), due to which decision-
making power was transferred to the level of the 
Autonomous Province. The REC covers an area of 5328.86 
ha and is entirely in the territory of the City of Vršac 
(https://evrsac.rs/podignut-stepen-zastite-pio-vrsacke-
planine-video/). The Vršac Public Utility Company Drugi 
Oktobar has been in charge of its management (Odluka o 
izmenama Odluke o zaštiti predela izuzetnih odlika 
„Vršačke planine” Decision on amendments to the 
Decision on the protection of the landscape of exceptional 
features "Vršačke planine", 2017). 

If we exclude the Protection zone I, where only 
research is allowed, hikers and recreationists can find 
excellent conditions for satisfying their recreational and 
health needs and for high-quality leisure activities in the 
remaining parts of the REC area. In the Protection regime 
II, along with the controlled movement of visitors, it is 
allowed to mark trails and arrange sites for tourist 
purposes. In the Protection regime III, hunting, sports and 
recreational activities in some areas and facilities are 
allowed (Odluka o zaštiti predela izuzetnih odlika „Vršačke 
planine”, 2005). A great effort by the management has 
been made to improve the conditions for the stay of 
excursionists and recreationists. The Vršac Mountains or, 
as the residents of the surrounding villages call them, 
Vršački breg (Vršac Hill), is now a very clean place supplied 
with various amenities that welcomes nature lovers both 
from the surrounding area and from afar. Benches for rest, 
information boards are abundant, and the walking paths 
are arranged and maintained in an orderly manner. The 
offer is completed by four peaks, accessible via organized 
paths with appropriate signposts - the highest peak in 
Vojvodina, Gudurički vrh (641m), Mala Čoka (602m), 
Srednji vrh (570m), Lisičija glava (590m), Vršački vrh 
(514m), Đakov vrh (449m), Turska glava (402m) and Kula 
(399m) (https://psdkulavrsac.com/vrsackeplanine.html). 

Throughout history, the Vršac Mountains was as a 
place of refuge, to become an attractive place for farming, 
primarily for viticulture and cattle breeding. Before World 
War II, it was popular as a health tourism destination. they 
were the origin of health tourism. Various healthcare 
associations and sanatoriums were established there. The 
period after World War II was marked by the development 
of excursion (weekend) and sports and recreational 
tourism. Nowadays, the Vršac Mountains are one of the 
"leading centres of excursion-weekend tourism in Serbia" 
(Bjeljac & Romelić, 2015, p. 92), keeping in mind the 
contractile zone of about three million inhabitants from 
the surrounding, mostly lowland area. On weekends, they 
gravitate towards the picnic areas of the mountains for a 
half- or full-day stay. In line with to the natural features of 

the Vršac Mountains, Bjeljac & Romelić (2015) emphasize 
mountaineering and hiking, and Vujko (2011) also 
mentions cycling as the most suitable forms of recreation. 
Thanks to its relief and favourable air currents, Vršačka 
kula attracts paragliders (Bjeljac, & Romelić, 2015). In the 
territory of REC and PH, hunting tourism is practised. The 
most numerous representatives of hunting fauna are: wild 
boar, roe deer, rabbit, pheasant, field partridge, fox, jackal 
and wolf (JP Zavod za urbanizam Vojvodine, 2021). 

The Vršac Mountains are protected in international 
frameworks as well, as the Important Plant Area in Central 
and Eastern Europe (IPA) and the Important Bird Area in 
Europe (IBA) (https://pzzp.rs/zastita-prirode/podrucja-od-
medunarodnog-znacaja/podrucja-sa-medunarodnom -
zastitom.html). 

Protected habitat Mali vršački rit 

Mali rit (also the Vršac Depression or Vršac Trench, 
according to Zeremski, 1967; 1972; 1985) is an integral 
part of the northern foothills of the Vršac Mountains. It is 
a mosaic of wet and dry meadows, ponds and forests and 
extends along the entire length of the Vršac Mountains. It 
would be one whole, if it were not for the road that 
connects Vršac with Veliko Središte (Odluka o proglašenju 
zaštićenog područja “Zaštićeno stanište Mali Vršački rit”, 
2013). 

On the initiative of the GEA Nature Society from Vršac, 
the Institute of Nature Conservation of the Vojvodina 
Province proposed in 2008 that the area of Mali Vršački rit 
be placed under protection (https://staniste.org.rs/mali-
vrsacki-rit-revizija-zastite-is-in-
progress/?msclkid=76b294e4ba4b11ec87571d29319826
99). A protection regime was established in 2013, when 
this area was declared a protected area of the third 
category, for the sake of preserving unique ecological, 
structural and functional entities and connecting it with 
the neighbouring protected area of the REC Vršac 
Mountains. The area of the protected habitat is 931.20 ha, 
and the protection regimes II and III have been 
established, which means that tourism is restricted in 
terms of spatio-temporal and capacity constraints. In an 
area under the third-degree protection regime, recreation 
is allowed in the designated places, along with sustainable 
forms of tourism (Odluka o proglašenju zaštićenog 
područja “Zaštićeno stanište Mali Vršački rit”, 2013). 

Although protected by the law, due to the lack of 
financial support, the protected area is still facing 
numerous challenges, such as: fires, plowing, unplanned 
construction, logging, uncontrolled hunting. 
Conservationists see the way out in merging it with the 
REC into one second-category protected area. In that case, 
the area would come under the jurisdiction of the AP 
Vojvodina and thus receive greater attention. In 2017, the 
Institute of Nature Conservation of the Vojvodina Province 
initiated the revision procedure regarding the REC and the 
PH, in order to unify them (https://staniste.org.rs/mali-
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vrsacki-rit-revizija-zastite-je-u-
toku/?msclkid=76b294e4ba4b11ec87571d2931982699). 

With the exception of some specialized recreationists 
‒ hunters, fishermen and birdwatchers (Brankov, 2010, 
Bjeljac, & Romelić, 2015), this site is not attractive as a 
place for excursions and leisure activities. The reason 
probably lies in the fact that it is unknown to many and is 
not sufficiently promoted. Perhaps that will change in the 
coming period, since in 2021 the Spatial Plan for the Vršac 
Mountains Special Purpose Area was adopted (JP Zavod za 
urbanizam Vojvodine, 2021), which aims at the 
improvement of the offer of this site – the construction of 
prefabricated wooden greenhouses up to 50 m2 in size, 
which would serve as a visitor centre and open-air 
classrooms, the routing of pedestrian and bicycle paths, 
the installation of canopies and viewpoints. 

Together with the REC, the PH is on the IPA list 
(https://pzzp.rs/zastita-prirode/podrucja-od-
medunarodnog-znacaja/podrucja-sa-medunarodnom-
zastitom.html). 

Special Nature Reserve Deliblato Sands 

Deliblato Sands is a relatively late aeolian formation, 
created mostly by the Košava wind that caused sand 
deposit (from the banks of the Danube, in the NW 
direction) (Menković, 2013). It is one of the most 
important European biodiversity centres (Amidžić, 
Krasulja, & Belij, 2007). So far, about 900 species of higher 
plants have been recorded, many of which have been 
protected as relic and endemic species. The animal world 
is also rich in species, especially the ornithofauna, where 
about 170 species of nesting birds have been recorded so 
far (Pokrajinski sekretarijat za arhitekturu, urbanizam i 
graditeljstvo, 2006). 

Excursion movements towards the Deliblato Sands and 
within it are the most intensive on weekends and holidays, 
mainly in spring and autumn (Kovačev, Romelić, Pivac, & 
Lukić, 2014). Vršac, as the closest urban settlement, is 
certainly the strongest emitting centre, while Kovačev et. 
al (2014) also mention Belgrade, Pančevo, Kovin, Bela 
Crkva, and villages around the SNR. The primary tourism 
sites in the SNR are located in the territory of the Pančevo 
and Alibunar municipalities. These are Čardak and 
Devojački Bunar, where tourist and information centres 
should also be established (Pokrajinski sekretarijat za 
arhitekturu, urbanizam i graditeljstvo, 2006). However, 
probably the most attractive area within the SNR that is 
also the closest to the City of Vršac is the Zagajička brda 
site. It is part of the Dumača loess plateau and, with the 
highest elevation of 251 m (Lukić, et al. 2013), it rises in 
the middle of the Deliblato Sands, being higher by 10 to 50 
m than the surrounding terrain (Menković, 2013). Tourists 
visit Zagajička brda mainly from the direction of Šušara, a 
small isolated village 28 km from the City of Vršac and the 
most peripheral settlement that gravitates to it (Ćurčić, 
2004). 

In the SNR, sports-recreational and excursion tourism 
are already highly developed (Stojanović, et al., 2011). 
Hiking, photo safaris, collecting medicinal plants, and 
hunting tourism are also present. Along with the Vršac 
Mountains, Deliblato Sands is one of the most important 
hunting areas in South Banat. In the territory of the Vršac 
Municipality there are several hunting areas, both lowland 
and hill-mountain types (Kovačević, 2019). 

The SNR Deliblato Sands is included in the Inventory of 
Geomorphological Heritage of Serbia, as an example of 
relict aeolian relief in Europe 
(https://www.zzps.rs/wp/geomorfologija/). It is 
internationally protected as an IPA, IBA and PBA (Prime 
Butterfly Area), as well as a significant transboundary area, 
and it has been proposed for the World Network of 
Biosphere Reserves (MAB) (https://pzzp. rs/zastita-
prirode/podrucja-od-medunarodnog-nacaja/podrucja-sa-
medunarodnom-zastitom.html). 

Materials and methods 

Between May and July 2022, a survey was conducted 
in the territory of the City of Vršac, using the random 
sample method. Vršac’s citizens over the age of 15 were 
interviewed in the streets, at the market, in restaurants, 
and at their workplaces. In this way, 111 respondents were 
surveyed. The answers of the other 136 respondents were 
collected with the help of an electronic Google 
questionnaire which was promoted on the websites and 
Facebook pages of Vršac sports and mountaineering clubs, 
high schools and cultural institutions. 

The questionnaire contained a total of 14 questions. 
Three questions were related to personal data of 
respondents (gender, age and work status), nine of them 
were closed-ended with fixed responses and two were 
multiple-choice questions. The introductory questions 
were intended to gain insight into the respondents' habit 
of going on one-day trips to nature and the type of 
activities they engage in. Then followed the questions 
about three specific sites in the vicinity of the City of Vršac. 
Randomly selected respondents provided information 
about the frequency and mode of visits them, whether 
they were in favour of introducing direct public transport 
lines to these places and what could be done to encourage 
them to visit these sites more frequently in their free time. 
The intention was also to check the awareness of the 
citizens of Vršac about the existence of protected areas in 
their immediate environment; accordingly, one question 
was dedicated to that as well. The last three questions 
related to the respondent's gender, age and work status. 
Out of 259 responses in total, 247 were accepted as valid. 

The representativeness of the sample was verified by 
ensuring that all respondents were from Vršac, that all age 
groups and both sexes were represented, and that their 
shares in the study reflected their shares in the total 
population. The average age of the inhabitants of the City 
of Vršac is 41.9 (SORS, 2012). The average age of the 
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respondents is approximately 36.4. The research involved 
three age categories – young (15-24 years of age), middle-
aged (25-64 years of age) and elderly (over 65 years of 
age). Among the population of the City of Vršac over 15 
years of age, the share of the young is 13.0%, the share of 
the middle-aged is 68.3% and the share of the old is 18.7% 
(calculated on the basis of the SORS data, 2012). The 
largest percentage of respondents belongs to the category 
of the middle-aged. The share of the young is 35.2%, the 
share of the middle-aged is 59.5% and the share of the 
elderly is 5.3%. The gender structure of the citizens of the 
City of Vršac is also similar to the gender structure of the 
respondents. The share of men over 15 years of age in the 
total population of the City of Vršac is 47.0%, and the share 
of women is 52.9% (SORS, 2012). Among the respondents, 
their share is 44.5% of men, and 55.5% for women. 

The Statistical Package for the Social Sciences (SPSS), 
version 20, was used to summarize the collected data, 
describe their main characteristics and test for significant 
differences between variables. 

Results 

Descriptive statistics 

In the sample of 247 citizens of the City of Vršac the 
youngest respondent was 15 years old, and the oldest was 
74. The respondents’ average age was 36.4. The majority 
of respondents belonged to the category of employees 
(52.6%), while the fewest were in the category of students 
(4.9%) and pensioners (5.7%) (Table 1). 

Table 1. Sociodemographic characteristics of the 
respondents 

Age 

Mean 36.4 

Std. deviation 16.773 

Minimum 15 

Maximum 74 

 Frequency Valid percent 

Gender 

Male 110 44.5 

Female 137 55.5 

Total 247 100.0 

 Frequency Valid percent 

Employment 
Status 

Pupil 71 28.7 

Student 12 4.9 

Employed 130 52.6 

Unemployed 20 8.1 

Retiree 14 5.7 

Total 247 100.0 

Source: Authorʼs research 

Contrary to expectations, based on conversations with 
local residents and representatives of the tourist 
organization of the City of Vršac, the vast majority of 
respondents (80.2%) gave an affirmative answer to the 
introductory question – whether they practised nature-
based recreation in their leisure time. A small percentage 
never went to nature in their free time (7.3%), while a 

certain percentage (12.6%) wanted to go, but 
circumstances did not allow for it. Their favorite outdoor 
activities were walking, hiking, and picnic with friends 
(64.8%). To a lesser extent, combinations of the following 
activities were also represented – cycling, fishing, team 
sports and extreme sports. 

Out of the total number of respondents, 39.3% visited 
this area several times, and the frequency of visits was 
particularly high: 27.5% of the respondents go there "at 
least once a week", and 23.9% visit it "at least once a 
month". However, an example of another PA, also very 
close to the city, refutes the conclusion of the Spanish 
study. Namely, the lowest frequency of visits out of the 
three PAs in the area of the City of Vršac has been recorded 
in the PH Mali Vrsački rit, which is also a protected area 
that has never been visited by the largest percentage of 
Vršac residents (59.1%). A large number of people from 
Vršac have visited the SNR Deliblato Sands (several times 
– 44.9%), but the frequency of visits is not even close to 
that of the REC (Table 2). 

Table 2. Attendance of PAs in the vicinity of the City of 
Vršac 

Have you 
ever 
been to 
these 
PAs? 

REC “Vršačke 
planine” 

PH “Mali vršački 
rit” 

SNR “Deliblatska 
peščara” 
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Once 6 2.4 39 15.8 67 27.1 

Several 
times so 
far 

97 39.3 59 23.9 111 45.0 

At least 
once a 
week 

68 27.5 1 .4 2 .8 

At least 
once a 
month 

59 23.9 1 .4 0 0.0 

At least 
once a 
year 

15 6.1 1 .4 10 4.0 

Never 2 .8 146 59.1 57 23.1 

Total 247 100.0 247 100.0 247 100.0 

Source: Authorʼs research 

The dominance of private transport in visiting PAs 
(Sanchez Martin, Rengifo Gallego, & Martin Delgrado, 
2018) was confirmed by this research. This is especially 
evident in the case of trips to the PH (83.2%) (Table 3). 

The introduction of direct seasonal bus lines to PAs in 
the surrounding area would encourage a significant 
number of the residents of the City of Vršac (40.5%) to visit 
them more often. Being used to their own transport, 
50.6% of them answered that it would not encourage 
them to go to nature more often, while the rest (8.9%) 
claimed that this would not have an impact, because they 
were not interested in nature. 
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When asked "how many PAs there are in the area of 
the City of Vršac", 35.6% of respondents answered "I don't 
know", 19.4% "There is one" and 2.4% "There are none" 
(Table 4). 

Table 3. The most common way of visiting PAs in the 
vicinity of the City of Vršac 

If you 
have 
visited 
these 
PAs, 
how did 
you go? 

REC “Vršačke 
planine” 

PH “Mali vršački 
rit” 
 

SNR “Deliblatska 
peščara” 
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On my 
own 

147 60 84 83.2 104 54.5 

Orga-
nized 

5 2 6 5.9 46 24.1 

Both 
ways 

93 38 11 10.9 41 21.5 

Total 245 100.0 101 100.0 191 100.0 

Source: Authorʼs research 

Table 4. Additional drivers for visiting PAs in the 
surroundings 

What would influence your decision to visit 
these areas more often? 

Fre-
quency 

Valid 
Percent 

Better state of development  82 33.2 

Better promotion 30 12.1 

Better state of development and promotion 25 10.1 

Better availability for cyclists 9 3.6 

Better state of development and availability 
for cyclists 

7 2.8 

Better state of development, promotion and 
availability for cyclists 

8 3.2 

More leisure time 58 23.5 

Better financial situation 4 1.6 

More leisure time and better financial situa-
tion 

7 2.8 

Company 5 2.0 

Better health and condition 3 1.2 

Nothing, because I am not interested 9 3.6 

Total 247 100.0 

Source: Authorʼs research 

Testing for significant differences in the variances 
of sub-groups 

After descriptive statistics had been done, the 
obtained data were compared in relation to gender and 
age. Variable "excursions to nature in leisure time" and 
variable "preferred activities" were tested and four 
subhypotheses were formulated – H1: Residents of the 
City of Vršac of different genders do not differ significantly 
in terms of practicing outdoor recreation; H2: Residents of 
the City of Vršac of different genders do not differ 
significantly in terms of the types of outdoor activities they 
practice in their free time; H3: Residents of the City of 
Vršac of different ages do not differ significantly in terms 
of practicing outdoor recreation; and H4: Residents of the 
City of Vršac of different ages do not differ significantly in 

terms of the types of outdoor activities they practice in 
their free time. 

To test the significant differences between groups in 
gender, the Chi-Square Test was used.  

First of all, it was checked whether there was a 
difference between the citizens of Vršac of different 
gender regarding excursions to nature. The statistical 
conclusion of the test is that the differences in the 
resulting frequencies are the result of chance (Sig. =0.078) 
(Table 5). 

Table 5. Gender and excursions to nature in the leisure 
time 

Gender  Excursions to nature in the leisure time Total 

Yes Wished I could No 

Male 94 
85.5% 

8 
7.3% 

8 
7.3% 

110 
100.0% 

Female 104 
75.9% 

23 
16.8% 

10 
7.3% 

137 
100.0% 

Total 198 
80.2% 

31 
12.6% 

18 
7.3% 

247 
100.0% 

 Value df Asymp. Sig. 

Chi-
Square 

5.095a 2 0.078 

a. 0 cells (.0%) have expected count less than 5. Source: 
Authorʼs research 

The differences in the way of spending time in nature 
between men and women, residents of the City of Vršac, 
were also analyzed. The test showed a significance of less 
than 0.05 (.000), indicating that there was a significant 
difference between male and female respondents in terms 
of the type of recreation they preferred (Table 6). For the 
purposes of statistical analysis, the activities were 
classified into five groups. Table 6 clearly shows which 
activities were preferred by the residents of Vršac, in 
relation to gender. 

Table 6. Gender and favorite ways to spend leisure time 
in nature 

 Top 5 Favourite types of activities 

Gen-
der 

Walk-
ing, 
hik-
ing, 
picnic 

Team 
sports 

Cy-
cling, 
moto-
cy-
cling 

Ex-
treme 
sports 

Fish-
ing, 
hunt-
ing 

No in-
terest 
in na-
ture 

Male 67 
60.9% 

4 
3.6% 

8 
7.3% 

12 
10.9% 

17 
15.5% 

2 
1.8% 

Fe-
male 

93 
67.9% 

10 
7.3% 

21 
15.3% 

1 
0.7% 

6 
4.4% 

6 
4.4% 

Total 160 
64.8% 

14 
5.7% 

29 
11.7% 

13 
5.3% 

23 
9.3% 

8 
3.2% 

 Value df Asymp. Sig. 

Chi-
Square 

26.559a 5 0.000 

a. 2 cells (16.7%) have expected count less than 5. Source: 
Authorʼs research 

Testing for significant differences in terms of the age of 
the citizens of Vršac and the practice of trips to nature, i.e. 
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the type of preferred outdoor activities, due to one 
numerical variable (age) and one categorical variable with 
at least three categories (3 and 6), required the use of the 
ANOVA statistical test. First, the Kolmogorov-Smirnov test 
of normality was performed, where the deviation of 
normal data distribution was observed (Statistics .164; df 
247; Sig. .000). This was also confirmed by the coefficient 
of variation (CV 46.1%). Therefore, a non-parametric 
alternative was used – the Kruskal-Wallis Test. 

Table 7. Age groups and excursions to nature in the lei-
sure time 

Age groups Excursions to nature  Total 

Yes Wished I 
could 

No 

Young 65 
74.7% 

15 
17.2% 

7 
8.0% 

87 
100.0% 

Midlle aged 122 
83.0% 

16 
10.9% 

9 
6.1% 

147 
100.0% 

Old 11 
84.6% 

0 
0.0% 

2 
15.4% 

13 
100.0% 

Total 198 
80.2% 

31 
12.6% 

18 
7.3% 

247 
100.0% 

 Chi-Square df Asymp. Sig. 

Kruskal-Wallis  1.691 2 0.429 

Source: Authorʼs research 

In the category of young population (87 or 35.2% out 
of total), 74.7% declared that they visited protected areas 
in the vicinity of the City of Vršac. The share of middle-
aged respondents who had the habit of recreating in the 
nearby protected areas was 83.0%, while the category of 
the elderly led with 84.6%. Nevertheless, all these figures 
were approximately the same values. The Kruskal-Wallis 
Test also showed that residents of the City of Vršac of 
different ages did not differ significantly in terms of 
practising outdoor recreation, since Sig. >0.05 (.429). The 
statistical conclusion is that the median values of the 
subsamples do not differ significantly (Table 7). 

Table 8. Age groups and favorite ways to spend free 
time in nature 

 Top 5 Favourite types of activities 

Age 
groups 

Walk-
ing, 
hik-
ing, 
picnic 

Team 
sports 

Cy-
cling, 
moto-
cy-
cling 

Ex-
treme 
sports 

Fish-
ing, 
hunt-
ing 

No 
in-
ter-
est 
in 
na-
ture 

Young 54 
62.1% 

9 
10.3% 

12 
13.8% 

0 
0.0% 

11 
12.6% 

1 
1.1% 

Midlle 
aged 

109 
74.1% 

2 
1.4% 

17 
11.6% 

2 
8.8% 

10 
6.8% 

7 
4.8% 

Old 11 
84.6% 

0 
0.0% 

0 
0.0% 

0 
0.0% 

2 
15.4% 

0 
0.0% 

Total 174 
70.4% 

11 
4.5% 

29 
11.7% 

2 
0.8% 

23 
9.3% 

8 
3.2 

 Chi-Square df Asymp. Sig. 

Kruskal-
Wallis  

22.752 5 0.000 

Source: Authorʼs research 

The highest percentage of the respondents of all three 
age categories prefer walking, hiking and hanging out with 
friends (62.1%-74.1%-70.4%). The Kruskal-Wallis Test 
showed Sig. 0.05 (.000), so the statistical conclusion is 
that the median values of the subsamples differ 
significantly, i.e. the respondents of different ages differ in 
terms of the type of outdoor activities they practice (Table 
8). 

Discussion and conclusions  

A survey among residents of the City of Vršac over the 
age of 15 showed that, as expected, the most visited PA 
was the REC Vršac Mountains because of its proximity to 
the city.  However, a significant number of residents of the 
City of Vršac rarely visited this site (47.8%). The other two 
sites were visited frequently (once a week or once a 
month) by only 0.8% of the respondents, while the least 
visited PA in the area of the City of Vršac was the PH Mali 
Vršački rit, which had never been visited by 59.1% of the 
respondents. The percentage of the residents of the City 
of Vršac who had never been in the SNR was also relatively 
high (23.1%). After processing the survey results, the null 
hypothesis (H0) was accepted. 

The well-known tourist sites of Vrsačka kula and the 
Red Cross resort are about 8 km away from the city center 
by an asphalt road. PH “Mali vršački rit”is about 6 km from 
the center, but its landscapes are far less attractive. As far 
as SNR “Deliblatska Peščara” is concerned, the tourist site 
of Zagajička Brda is the closest to the City of Vršac, but still 
quite far away - 28 km. There is an extensive Spanish study 
on PAs (Sanchez Martin et al., 2018) which shows that 
visits decline with the distance. This was confirmed on the 
example of the REC. However,the example of PH Mali 
Vrsački rit showed that distance is not crucial for visitors 
when planning a visit to a PA, which is in line with the 
results of two recent similar studies – Ali and Irfan (2021) 
and Jojić Glavonjić (2022).  

The REC leaves to the visitors to organize their own 
transportation, which negatively affects the volume of 
tourist visits (Vujko, 2011). As of today (summer 2022), 
nothing has changed in this regard. From the City of Vršac, 
there are no direct bus lines, not even seasonal, to Čardak, 
Devojački bunar and Šušara (localities in the SRP). The 
citizens of Vršac can visit them only by private car or with 
organized excursions (mountaineering clubs, school 
excursions). The same is with the REC and the PH, but they 
are still much closer, so it is possible to go there on foot or 
by bike. 

The state of development, infrastructure and services 
of the most visited PA (REC) are excellent, and every year 
more and more is invested in order to attract as many 
visitors as possible. The same is true for many sites in the 
SRP, while the PH is still a new, rather unknown site that is 
yet to be supplied with amenities for visitors. Common to 
all those sites is the need for better promotion. 
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As for additional drivers for visiting these protected 
areas, the citizens of Vršac first cited a better state of 
development (tourism infrastructure and recreational 
facilities) and better promotion, but also more leisure 
time. 

Additional hypotheses were formulated in order to 
compare difference between data samples for men and 
women, as well as for respondents of different ages. They 
were verified by statistical tests (Chi-Square Test and 
Kruskal-Wallis Test), which showed the following. 
Hypothesis H1: Residents of the City of Vršac of different 
genders do not differ significantly regarding the practice of 
outdoor recreation, was accepted. A high percentage of 
the respondents of both genders like to visit nature. 
Hypothesis H2: Residents of the City of Vršac of different 
genders do not differ significantly regarding the types of 
outdoor activities they practise in their free time, was 
rejected, and the alternative hypothesis was accepted 
(H2A: Residents of the city of Vršac of different genders 
differ significantly regarding the types of outdoor activities 
they practise in their free time). There is a difference 
between male and female residents regarding their 
favorite type of recreation. Except for the most 
represented ones – walking and picnic with friends, 
respondents also mentioned: team sports, cycling, fishing, 
running, and extreme sports all in different combinations, 
since it was allowed to choose several activities. The only 
group of activities that both sexes equally practiced is 
walking, picnic with friends, and hiking. Hypothesis H3: 
Residents of the City of Vršac of different ages do not differ 
significantly in terms of practising outdoor recreation, was 
accepted. There are no significant differences among 
Vršac residents of various generations in the practice of 
trips to the surrounding PAs. The hypothesis H4: Residents 
of the City of Vršac of different ages do not differ 
significantly in terms of the types of outdoor activities they 
practise in their leisure time, was refuted and the 
alternative was accepted (H4A: Residents of the City of 
Vršac of different ages differ significantly in terms of the 
types of outdoor activities they practise in their free time). 
There is a difference in practicing team sports (the young 
lead the way with 10.3%), while extreme sports among 
respondents are as well as extreme sports (practised 
exclusively by the middle-aged). It is noticeable that the 
elderly are not inclined to team sports, motorcycling and 
cycling, and extreme sports, but they are the only group 
from which not a single respondent answered that they 
did not like to spend their free time in nature. 

The obtained results can be used to propose 
recommendations on what to do in order to encourage the 
residents of the City of Vršac to visit the surrounding PAs 
more often. An improved level of development and 
availability of infrastructure is the first thing that the 
respondents emphasized (33.2%). Many of them also 
mentioned the need for better promotion (12.1%) as well 
as the inseparable combination of those two (10.1%). 
However, each of the three PAs is a story in itself. In the 

case of the REC, for example, the management takes the 
job of landscaping very responsibly. The paths are 
developed and regularly maintained, well-marked, picnic 
areas are equipped with amenities. From the conversation 
with the managers of the Tourist Centre, it has been learnt 
that it would be necessary to fix the road leading to the 
Vršačka kula peak, which is now very steep and narrow. It 
is used by paragliders, and the track should be arranged 
according to standards as well. There is also a lack of 
parking space for buses at the foot of Vršačka kula, near 
the Red Cross resort. Many respondents, especially the 
older ones, emphasized the need to pave the road to the 
Široko bilo mountain lodge. The PH is the worst in this 
regard, but it has only recently been declared a PA, and as 
such is still undeveloped and unknown to the wider 
population (except for fishermen and hunters). The 
citizens of Vršac do not visit it because most of the 
respondents, apart from fishermen and hunters, have 
neither heard of it, nor do they know where it is. Although 
both mentioned PAs are, so to speak, within the city itself, 
they are insufficiently promoted, especially among young 
generations. Schools usually take them on field trips to 
these sites, but as they grow up, they rarely go there on 
their own. According to the respondents in this survey, the 
main reason for this is the lack of free time. Unfortunately, 
there is no way to change this. What can be changed is the 
introduction of organized transportation to these three 
sites, at least in the main seasons – spring and summer. It 
would certainly affect the scale of visits for the better. This 
is the opinion of 40.5% of the respondents. The REC is 
visited because of its proximity (7.4 km, 13 min), so one 
can go there on foot or by bike. However, due to the 
significant percentage of elderly citizens who like to visit 
the Vršac Mountains, it would be useful to organize 
seasonal bus lines to the Široko bilo mountain lodge or at 
least to the Red Cross resort. Direct bus lines to sites 
within the SRP would be particularly useful (the nearest 
site is Šušara, with the attractive site Zagajička brda – 28.9 
km, about 30 minutes). 

The topic of using PAs in the vicinity of Serbian cities 
for excursions and recreation is very poorly studied in the 
local scholarly literature. Therefore, it is one of the 
contributions of this paper, while its practical contribution 
is that it could serve as a guide for the PA managers in their 
further management and planning of the excursion and 
recreational tourism development. Already at the 
beginning of the research, the Sector for Maintenance of 
Public Areas and Environmental Protection of the PUC 
Second October (Manager of the REC Vršac Mountains) 
expressed interest in the results of the survey. 

The lack of research is reflected in the fact that a small 
number of questionnaires were filled out in a face-to-face 
interview, and many respondents confuse the concept of 
visiting and recreating in a protected area and the concept 
of living in it or near it and visiting relatives and friends 
who live there. This is particularly reflected in the specific 
case of the REC Vršac Mountains, since a significant 
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number of citizens of the City of Vršac live right on their 
slopes. Some respondents answered that they went to the 
REC every day, but in fact, through the conversation, it 
turned out that they lived there and had not visited the 
forest, paths or viewpoints within the REC for years. This 
kind of understanding occurred in the questionnaires filled 
out by the respondents independently. In the 
questionnaires accompanied with an interview, questions 
of this type were additionally clarified. Also, one of the 
limitations of this research is the unequal representation 
of all categories when it comes to work status. The highest 
percentage of respondents comes from the category of 
employees, while the lowest number are among students 
and pensioners. 
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Abstract 

Historical and modern urban sites are important attraction points for the city, being considered a favourite destination 
for residents and tourists. The result of interaction between people and nature on these sites is the landscape, its 
unique character defining the identity of the place. The landscape character depends on several features, including 
topography, climate, biodiversity, and the site itself. The landscape character analysis gives a classification based on 
the characteristics and determinants of the area and highlights the natural strengths and attractions in each area. In 
this study, the tourism sites in Amman were chosen because of their social, economic, and historical importance as 
sites located in the capital city and to assess the urban landscape character and determine the function of the tourism 
sites in the city. To assess the landscape function of the area, an evaluation was made, considering criteria such as: 
Recreational Activities, Traditional Built Environment, Nature and Landscape Features, History and Heritage, 
Accessibility, Infrastructure, and Facilities. Score levels were given according to the intensities of the criteria in the 
neighborhoodsneighbourhoods within the borders of Greater Amman Municipality, as low, medium, and high 
according to field surveys at the sites by researchers. The desired result of the study is to make a comprehensive 
assessment of the importance of the landscape character in attracting tourism to Amman, identifying areas with a 
high density of landscapes, and drawing up a plan to capitalize on them and highlight their importance to the city. 
Keywords: Landscape Character, Analysis, Tourism, Recreational Area, Open Public Spaces 

 

Introduction 

Our landscapes are significant to us and part of our 
cultural heritage. With sympathetic planning, design, and 
management, they offer an opportunity to provide a more 
harmonious link between man and the natural world for 
the benefit of both.  

Sensitive, informed, and integrated approaches should 
help us all conserve, enhance, restore, and regenerate 
attractively, diverse, and publicly valued landscapes to 
show that environmental, social, and economic benefits 
can go hand in hand. Over the centuries, writers, artists, 
and others have described and enthused our landscapes. 
They have linked them with the period's social and 
economic processes and practices, successfully defining 
and articulating what is unique about our landscapes, 
whether urban, rural, or somewhere in between. Notably, 
they illustrated what makes one landscape different from 
another. Over time, appreciation and understanding of our 
landscapes have increased via qualitative and quantitative 
methods associated with the social and natural sciences 
and are often prompted by the need and desire to record, 
understand, influence, and manage change (Tudor, 2014). 
The European Landscape Convention (ELC) definition of 
“landscape is an area, as perceived by people, whose 
character is the result of the action and interaction of 

natural and/or human factors”. Also, it is defined as a part 
of the land, as perceived by local people or visitors, which 
evolves through time because of being acted upon by 
natural forces and human beings (Council of Europe, 
2000). 

The term landscape usually refers to the holistic 
mutual relationship of humans with the natural and 
physical environment (Rajčević et al.,2023), from the same 
side. The landscape is the result of the action and 
interaction of both natural and human factors, not only a 
reflection of our natural history, but also our cultural, 
social, and economic history. If this landscape is to be 
protected and enhanced, and if it is to accommodate 
successfully new development, there needs to be a proper 
assessment of its character (Draft Planning Policy 
Statement PPS, 2009).  

What makes landscapes different from each other? Is 
it the elements contained in the site? Or are there other 
features and characteristics? These distinctive elements 
are what studies and references have unanimously agreed 
with the concept of landscape character. Mainly, the 
whole set of elements like geology, topography, soil, flora, 
land use, and settlement areas formulate the landscape 
character. Landscape character adds meaning to that area 
by making one area different from another. Understanding 
that one area is different from another will help us 
contribute to better future planning by considering that 

https://creativecommons.org/licenses/by-nc-nd/4.0/
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area's environmental and socio-economic factors. 
Landscape character is the distinct, recognizable, and 
consistent pattern of elements in the landscape. They can 
make one landscape different from another with these 
characteristics (Swanwick, 2002). Landscape character 
often reflects the state and quality of the landscape and 
informs planners on how to manage and maintain the 
landscape. Landscape evaluation is a fundamental 
procedure for assessing the conditions and quality of a 
system, and it is the first step toward planning or 
management actions (Farina, 2000). Landscape character 
is analyzed through geology, soil, topography, climate, 
land cover, fauna, and human action in a landscape 
(Swanwick, 2002). Forman & Godron (1986) stated that a 
landscape character is formed by (i) landscape structure, 
(ii) landscape function, and (iii) landscape change.  

Many changes to traditional landscapes related to 
urbanization, transportation, recreation, and tourism have 
broadened the concept of landscape character to include 
all types of landscapes, as proposed by the European 
Landscape Convention (Van Eetvelde and Antrop, 2009). 
Beyond the urban landscape, there is also the historical 
urban landscape, understood as an urban area resulting 
from the historical stratification of cultural and natural 
values and attributes that encompass the general urban 
context and its geographical environment, above a 
historical site or center (UNESCO,2011); here, tourist 
development can be an opportunity for conservation 
(Zárate, 2016). 

Landscape and tourism are two closely related terms 
(Jiménez-García, 2020), The transformation of a “natural” 
landscape into a tourist landscape implies a fundamental 
symbolic and physical reordering of the characteristics of 
the former landscape (Salazar, 2012). 

Jordan is one of the countries with limited resources 
and a limited climate, some areas of Jordan tend to have 
desert diversity, and some areas contain incredible natural 
and botanical diversity (Irmeili & Çınar,2021). Amman, in 
particular, contains diverse regions, as it is divided into two 
parts: the historical city and the modern city. 

This diversity led to the existence of several diverse 
areas between urban landscapes and historical landscapes 
that contain historical structures, which naturally created 
several tourist sites and different routes within the city 
limits and on its outskirts. Within the framework of this 
research study, it introduces the paths of the city of 
Amman and what distinguishes them from the elements 
of the natural and historical landscapes, and demonstrates 
their role in supporting the tourism of Amman. 

Generally, Jordan recorded a total of two million 
tourists in 2021, ranking 51st in the world in absolute 
terms, by putting the tourist numbers about the 
population of Jordan, the result is a much more 
comparable picture: With 0.18 tourists per resident, 
Jordan ranked 87th in the world, while in Western Asia, it 
ranked 8th (World Tourism Organization,2022).  

The main idea behind Amman's vision for tourism and 
recreation is that the importance of tourism and 
recreation is deeply woven into society. The sector 
contributes to the success of other sectors and a variety of 
societal challenges (quality of life, happiness, inclusion 
etc.), it benefits public facilities and infrastructure, and it 
can lead to more investments and support for new public 
facilities. 

Theoretical background  

Cities contain several types of open public spaces, such 
as green spaces, historical sites, squares, and heritage 
markets. These places are important destinations for 
tourists, visitors, and even city residents. Therefore, the 
elements in those places need to highlight their identity to 
suit the function that happens in the location. 

Tourism activities must be organized in all 
environmental, historical, health, and economic aspects. 
Within the health field, the primary key is implementing 
strict health protocols in tourism activities. This condition 
requires increasing immunity by maintaining health, 
eating healthy foods, exercising, increasing happiness, 
reducing stress, and basking in direct sunlight. Efforts to 
increase immunity can be divided into internal and 
external—individual efforts to improve immunity as an 
internal factor and external by creating tourist destination 
facilities (Wikantiyoso et al., 2022). 

2.1. Landscape Character and Public Spaces   

Public spaces are not just empty voids. They are 
typically filled with soft and hard landscape elements to 
help shape their character. What we put into our public 
spaces is just as important as the space itself. Public spaces 
are open to all, regardless of ethnic origin, age, or gender, 
and as such, they represent a democratic forum for 
citizens and society. When properly designed and cared 
for, they bring communities together, provide meeting 
places, and foster social ties of a kind that have been 
disappearing in many urban areas. These spaces shape the 
cultural identity of a site, are part of its unique character, 
and provide a sense of place for local communities 
(Woolley et al., 2004). 

Evidence shows that people use their local public 
spaces more and are more satisfied with them if they 
include natural elements: a green and pleasant space is 
generally a well-used space. A study in Chicago found that 
people living in apartments tended to use nearby public 
spaces more if they were ‘natural’ than if they were 
artificial. This increased use of the green spaces led, in 
turn to a more significant amount of socializing among 
neighbours – initially as they met while simply pausing to 
sit, and later to deepen social ties (Kuo et al.,1998). 

In addition, open spaces play an essential role in 
defining urban landscape character and are instrumental 
in addressing critical contemporary urban design issues 
(Gill et al., 2007; Lenzholzer, 2015). 
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2.2. Tourism and Landscape Character in Public 
Spaces   

As statistics show, tourism is a privilege of urban areas. 
Many cities play the tourism card, investing a lot of money 
in new types of equipment and urban regeneration 
projects to change specific neighborhoods’ unappealing 
image and turn them into touristic targets. For many, 
tourism is a cornerstone of a policy of urban development 
that combines a competitive supply able to meet visitors’ 
expectations with a positive contribution to the 
development of towns and cities and the well-being of 
their residents (Cianga, 2013).  

Such an approach has its advantages, both for the 
residents and the tourists, in terms of safety and security, 
sanitation and salubrity, hospitality, and social interaction. 
Tourist attraction strategies lie in promotion campaigns 
that present the “urban offer” (tourism resources, leisure 
equipment, urban environment quality of life, etc. (Vlès et 
al., 2005). 

Tourists have become more fastidious and look for 
unique experiences. New types of tourists have appeared: 
globe trotters, city breakers, and tourists coming for niche 
tourism practices. Consequently, destination marketing 
that has traditionally been aligned with growth-oriented 
strategies is now changing course for a responsible 
marketing approach preserving the resources of a tourist 
destination and providing a high-quality visitor experience 
(Wray et al., 2010).  

This type of marketing builds a “narrative city” where 
each place has a story to tell, and a message to send. Of 

course, such a marketing strategy will be most effective in 
terms of tourist attraction, but the risk is “narrative 
reduction” (the construction of an impoverished image, 
that is based on a depleted historic background). In this 
respect, promoting the idea of a “green, sustainable city” 
has to be ensured by the existence of natural amenities 
(i.e. gardens and parks) and non-polluting equipment 
(Vlès et al., 2005). 

Material and methods 

Most cities have a long-civilized history, and the 
aspects of modern cities rely on it. However, some 
historical sites remained clear within the components of 
modern cities, so they became distinctive landmarks and 
points of attraction for local visitors and tourists, even 
becoming essential places for recreation and changing the 
routine of contemporary life (Irmeili & Çağlayan, 2022).  

Because of the importance of the public historical and 
modern sites, this paper focuses on the landscape 
character in the zone between these locations and how 
the identity of the landscape character makes the place 
unique and different. A three-stage study was carried out 
to determine the landscape character function in the 
study area (Table 1).  

Based on several previous studies in the scope of the 
landscape character assessment, this research was based 
on several elements obtained from previous case studies 
for research within the same field, where the following 
assessment elements (Table 2) were considered.

Table 1: The Methodology Structure of The Study 

i.  Literature review and background about the concept of the landscape in open public spaces and the 
relationship between the landscape character and tourism. 

ii.  
Mention the case study “Amman”, list the 12 official touristic routes of the city, then choose 3 of them 
according to the location of the route (center or border of the city) and the route elements (historical or 
natural), by using GIS maps for the location of each route. 

iii.  Conducting a field survey at the site, recording observations, analyzing them, and comparing them with 
information and previous studies obtained, the field survey in spring/summer 2022. 

iv.  

Rely on criteria from previous studies such as Recreational Activities, Traditional Built Environment, Nature and 
Landscape Features, History and Heritage, Accessibility, Infrastructure, and Facilities, evaluate the routes based 
on field surveys as low, medium, and high levels and summarize them in table form to be clear and to be 
developed for future studies. 

Source: Republic Hydrometeorological Service of Serbia, Climate Yearbooks 1961-2020 

Table 2: Landscape characters and infrastructure for tourism routes (Zakariya et al,2020) 

Criterion 1: Recreational Activities Criterion 2: Traditional Built Envi-
ronment 

Criterion 3: Nature and Landscape 
Features 

Traditional games, agro-tourism, 
extreme sports, festivals and 
events, user-based activities 

Traditional houses, local land-
marks, local materials 

Natural landscape (hills, man-
groves, river), nature-based recrea-
tion 

Criterion 4: History and Heritage Criterion 5: Accessibility Criterion 6: Infrastructure and Facil-
ities 

Language, historical sites, tradi-
tional customs, legends /myths 
/folklore 

Good road system, distance be-
tween destinations, public transpor-
tation, parking 

Petrol station, directional sign-
age, public toilets, religious facili-
ties, rest area, accommodation 
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Lookout points, interpretive 
signage, visitor center, ATM, con-
venience stores 

 

The methodology for assessing the elements 
mentioned in the table was adopted based on a field 
assessment conducted by researchers in the city of 
Amman during the spring/summer of 2022, where 3 
scores were adopted to measure the presence of the 
elements or not, starting from low, medium and high. 
After the evaluation process, the following equation was 
used to obtain the general average for each route, the 
Average of the general factors from the table by the 
equation: 

The Average of elements used to evaluate the routes = 
∂ 

∂=(a1+a2+a3+⋯)/N, 
The parameters = a1, a2, a3,…. 
N = number of elements 
 
The assessment process came in an organized manner, 

where the three sites were visited one by one. The routes 
were tracked in general, considering the recording of all 
theoretical observations directly and in the first instance. 
Each track was allocated more than one day to the visit to 
make sure that the notes were taken. In addition to the 
observations taken directly from the site, the statistics 
received from the Ministry of Tourism and Antiquities of 
Jordan were used to match the tourist numbers with the 
general condition of the site. The assessment expresses 
the opinion of the researcher and the extent to which she 
observes the elements of the landscape present in the 
current reality of the city's paths, using proven hypotheses 
from previous studies. 

Material 

Amman was chosen because it is the political and 

economic capital of Jordan. It is also an important 

destination for tourism. It contains several archaeo-

logical and historical areas and other modern areas 

that tourists consider vital places to visit in the Mid-

dle East. Amman is also a densely populated city 

compared to the rest of the cities, where the popula-

tion in the year 2021, according to the Department of 

Statistics, is 4,642,000 (The Jordanian Department of 

Statistics, 2022).   

Table 3 shows the number of tourists who visited 

historical places such as “Jordan’s Museum and Am-

man Citadel” in the city of Amman during the previ-

ous years, as these places are considered landmarks 

for tourists and a must for tours in the Middle East 

region and Jordan in particular. 
 

Table 3. The number of tourists to the Jordan Museum 
and Amman Citadel in Amman 

Year Number of International Tourists  

2016 68550 

2017 128650 

2018 176450 

2019 235300 

2020* 44100 

2021* 21500 

* Numbers have decreased due to the general closure 
of the Corona pandemic COVID 19 (source The Ministry of 
Tourism and Antiquities 2022) 

 
The European Environment Information and 

Observation Network (Eionet) defined the touristic route 
as: Established or selected course for travel consisting, 
typically, of secondary roads with significant scenic, 
cultural, historic, geological or natural features and 
including vistas, rest areas, and interpretive sites matching 
the scenic characteristics of the course (General 
Multilingual Environmental Thesaurus). Therefore, the 
Greater Amman Municipality and  Jordanian Ministry of 
Tourism and Antiquities sought to develop tourism and its 
diversity, It is always working to develop and create tourist 
attractions that satisfy the visitor’s experience and ensure 
the prolongation of his or her stay, It relies on direct 
contact with local communities, which provides new job 
opportunities for members of the community, increases 
income, encouraging domestic tourism and develops 
infrastructure, Which reflects positively on local 
communities and tourism work in general,  from here 
came the idea of (Tourist Routes) in Amman. 

The most favourite tourist destinations in Amman are 
concentrated in the downtown area, which contains 
several historical structures and archaeological sites, such 
as the Roman Amphitheater, al Hussein Garden and 
Amman Citadel, which surrounded by markets, gift shops 
and popular hotels. 

The idea of developing tourist routes in Amman 
emerged to give visitors a new opportunity to explore new 
locations away from the crowded city center (although so 
far it is the area where services and public transportation 
are concentrated). Therefore, authorities are working to 
develop the infrastructure of these areas to officially 
adopt them as tourist trails that tourists can visit it 
regularly. 

The city of Amman contains many historical and 
modern tourist routes, which include natural diversity and 
architectural features. In this research, there are several 
maps of these routes the contents of each of them, and 
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some of the landscape features; as the maps show below, 
each course has its location and features (Table 4). 

 

Table 4: The touristic routes of Amman (Source URL1) 

Route no Route name  

1 The Route of the Ammonite Towers 

2 The Route of the Qurashi Elaf 

3 The Route Of Caliph Omar Ibn Al-Khattab 

4 Sundials Route 

5 Roman Street Route 

6 Historic and Blessed Caves Route 

7 Adventure Route 

8 The Route of the Baptismal Path 

9 Hijaz Railway Route 

10 The Route of the Cave Boys of Raqeem 

11 Amman Walkway Route 

12 Amman River Route 

 
 
This study focused on the following routes: Amman 

walkaway track, Adventure track and Hijaz railway track, 
which are the most prominent for the landscape character, 
as these routes contain elements of the natural 
landscapes, such as local plants, trees, and natural 
geographic topography. There are also characteristics 
designed by people, pertaining mainly to historical 
landscapes. 

The details of the other routes were not addressed in 
this paper due to the large number of details in all the 
routes, as each of them requires detailing separately. 
Moreover, these three routes were chosen because they 
are the clearest and best prepared to receive visitors. They 
also contain the most famous historical landscapes in 

Amman, as some other routes "not mentioned" are under 
construction.  

Particularly, the main reasons that guided us to choose 
them are the following; 

- Amman Walkway Route: it is located in the city 
center, contains the most famous landmarks in the city 
and it is the busiest and most visited route. 

- Adventure Route - it is located on the outskirts of 
the city and is the least crowded route for urban buildings 
and residents. It also contains a good proportion of natural 
landscapes. 

- Hijaz Railway Route - it has the only railway track 
in Jordan, and it is also the oldest in the country, as it dates 
back to the Ottoman period. It has many stations that 
were built in that period and are now being rehabilitated 
by specialists. 

RESULTS 

The Landscape Character of Amman Routes 

The map below (Fig. 1) shows the locations of the 
selected tourist routes in the city of Amman. It shows that 
some of them are concentrated in the city center, some on 
the outskirts of the city, and others start in the city and 
end outside it). 

A: Amman Walkway Track: The Amman Walkway route 
is one of the most important routes for tourists and the 
most important one considering the landscape character. 
This route contains a designed open public area and yards 
that have been modernized and rehabilitated to receive 
visitors and tourists. It also contains many Roman ruins, 
famous amphitheaters on a local and international level, 
and museums known to visitors and tourists.

 

Fig 1. Location of the three routes of Amman 
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Figure 2. Detailed map for Amman walkway route elements 

Table 5. Amman walkway route details; buildings, squares, pedestrian spaces, outdoor cafés/bars/restaurants, trees 
and gardens; pavements and sidewalks and urban furniture. 

Stations of the 
Route / landmarks 

Description and Details 

Roman amphithe-
ater 

The Roman Amphitheater is one of the largest theatres in Jordan. It is located in the eastern 
part of Amman at the foot of a mountain. The stadium can accommodate 6000 spectators. 

Small Roman Am-
phitheater 
(Odeon) 

The “Odeon Theater”, or the so-called “Winter Theater”, is a small Roman arena located in 
the center of Amman on the northeastern side of the Roman Forum Square, which is also the 
Great Roman Amphitheater. 

Fountains Square It was established by the Greater Amman Municipality in the Ras al-Ain area near the build-
ings of the Greater Amman Municipality. It provided it with water fountains to beautify the city. 

King Faisal Square It is the main square in the country's center, opposite the old Arab Bank and the Duke’s 
house. It was an old travel complex and a meeting place for Amman’s merchants. 

Mosque Square The square was adjacent to the Husseini Mosque and was the meeting point of the two 
streets, the Roman Cardo and the Decmanos. The remains of the two streets and the columns 
accompanying them on both sides were buried below the modern courtyard, which was ex-
panded to accommodate the number of worshipers during Friday prayers. 

Amman Munici-
pality Library 
Square 

The square adjacent to the Amman Municipality Library and was part of the square adjacent 
to the Roman Amphitheater, where shops were spread on both sides of the colonnaded street 
called the Cardo in Philadelphia, then These parts were buried 

The path of the 
nymphs 

It is called the Nymphium building, which means the God of water. It was built during the 
first and second centuries A.D. It consisted of two floors and was built in the form of a semi-
octagonal and made in its walls arches containing statues and a large water basin in front of it. 
It can be entered from a staircase erected above the arches. Supporting the building, which 
crosses the waters of the city of Amman from below, the facade of the building was decorated 
with human and animal statues and multicolored marble, in addition to the columns. Parts of 
the building were reused in later ages, especially the Byzantine and Islamic ones 

 
The route is concentrated in the historical center of 

Amman, where it starts from the Jabal al-Qal’a area and 
the squares around it and ends with a street containing 
restaurants, gift shops, and markets as shows in details in 
(Table 5) for the landmark station for Amman walkway 
route. Therefore, this route's features are considered the 

best on the landscape level planners and architects 
designed (Figure 3). The landscape accompanying this 
route contains many areas destined for tourists, such as 
squares, sitting places, gardens, trees, paved paths, local 
markets, and restaurants.  
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Figure 3. The Roman Amphitheatre 

 

Figure 4. Nymphaeum Archaeological on the Amman 
walkway route 

 
B. Adventure Route has natural characteristics and 

depends on the landscape's character in the location. This 
route relies on natural elements such as springs, 
mountains, plants, and trees in the area without a specific 
design. It does not have designed sites for visitors or 
tourists but rather depends on the idea of adventure 
between the elements of nature, Generally the landscape 
character in this area is nature landscape.  

This route is located in the western part of Amman. It 
starts in the "Wadi Al-Seer" neighborhood and ends in the 
south of the "Marj Al-Hamam" neighborhood, far from 
residential places. It contains three main landmarks, which 
are the Ottoman mill, the caves of Iraq al-Amir, the 
confluence of “Iraq al-Amir Valley” with the “Wadi al-
Shata’’ (Figure 5). The main landmarks and details provide 
a special natural experience for the visitors inside the city; 
many historical buildings can found between the nature 

away of the crowded buildings (Table 6). 
This route contains many natural landscapes, with 

trees and caves which provide a new experience for the 
visitors (Figures 6, 7). 

C: Hijaz Railway Route (Fig. 8) is the longest as it passes 
from Amman and continues to other cities outside its 
borders. This route passes through many areas that vary 
in character, from natural to archaeological to residential. 
This route is characterized by the presence of beautiful 

landmarks that have existed since the Ottoman period, 
most notably the ten bridges, "ten arches", and many 
stations. It can also be considered a unique trip for tourists 
to learn about city landscapes. 

 

 
Figure 5. Detailed map for Adventure Route 

landmarks 
 

 

Figure 6. Wadi Iraq Al Amir confluence with Wadi Al 
Sheta 

 

Figure 7. Iraq Al Amir caves (right) on the adventure 
route 

Unfortunately, this route is not fully effective, and it 
does not pay attention to the landscape character in the 
stations that pass by and does not maintain its distinction. 
It needs several recommendations to highlight the 
landscape character of the city, which was mentioned in 
the "recommendations" section of the research. 
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Table 6. Adventure route details; buildings, squares, pedestrian spaces and urban furniture. 

Stations of the 
Route / landmarks 

Description and Details 

The confluence of 
Wadi Iraq Al Amir 
with Wadi Al Sheta 

This area is called Al-Shadka, and through field surveys, several archaeological sites were 
found, the most prominent of which is a site with mosaics on the surface, which indicates its 
importance, especially in the field of religious buildings. 

Ottoman mill It is located in Iraq Al-Amir near the Valley of Darkness. It consists of water channels carried 
on arcs carrying the water channel, where the power of falling water manages the mill, and it 
is a rare and distinctive mill. 

Iraq Al-Amir caves  A series of caves (18) were an important center during the Hellenistic era, and the historian 
Josephus mentions these caves were used for religious and worldly purposes, to house horses 
and others before the establishment of the nearby palace of the enslaved persons 

Table 7. Hijaz Railway Route details; buildings, squares, pedestrian spaces, stations and urban furniture. 

Stations of the 
Route / landmarks 

Description and Details 

The ten bridges An ancient arch bridge with ten arches, dating back to the Ottoman period, and located in 
the Qweismeh area in Wadi Al-Ramm, southeast of Amman. The Turks built it in 1908 A.D. 
during the reign of Sultan Abdul Hamid II. 

Pierced tunnel It is located 200 meters south of the ten bridges east of Amman in the Qweismeh area and 
is used to cross the train heading north to south and vice versa. The tunnel dates back to the 
Ottoman era in 1900 A.D. 

Giza Station It is one of the stations of the Hejaz-Jordanian railway. It combines the Roman, Mamluk, 
and Ottoman stations. It contains a vast Roman pool. It was named the Egyptian Giza concern-
ing Muhammad Ali Pasha, who brought with him some of the people of the Egyptian Giza and 
settled there. There is also an Ottoman building overlooking the Roman pool, which is It is a 
small castle built on the ruins of a Roman fortress 

Al-Luban station  One of the main stations on the railway road before arriving at the airport consists of a 
building / two-room station and a railway for parking and repairing locomotives 

Umm Al-Hiran sta-
tion  

Umm Al-Hiran Station (Al-Qasr Station), one of the historic Hijaz railway stations, is located 
11 km south of Amman and is considered the key to Amman from the southern side. The sta-
tion was built at the beginning of the nineteenth century on 50 acres. 

 The Umm Al-Hiran station connects the stations of the Hijaz line and the customs of 
Qweismeh 

Amman station  It is one of the stations of the historical Hijaz railway that used to connect the Levant and 
Makkah al-Mukarramah from Damascus. The station is in the eastern Amman region, west of 
Marka and east of the Roman Amphitheater. The road mediates between the Zarqa station and 
Ma’an station. The Ottoman Sultan Abdul Hamid II founded it in 1900 A.D. The archaeological 
building of the station is one of the most prominent landmarks of the historical city of Amman 

 
This route begins in the Marka neighborhood, 

roughly in the center of the city, and extends south out of 
the borders of Amman. The main character of this route is 
the old railway stations (Figure 8), some buildings of the 
railway station and the famous stone bridge. Although the 
Hijaz Railway is not officially operated for public 
transportation purposes, it has been used as an 
entertainment means for tourists and visitors as an old 
and valued railway experience in the middle of the 
modern city. Table 7 shows the most important landmarks 
that tourists can pass through, between the ancient 
buildings and the natural landscapes that are displayed, 
currently this stations being rehabilitated. 

Although the Hijaz Railway is not officially operated 
for public transportation purposes, it has been used as an 

entertainment means for tourists and visitors as an old 
and valued railway experience in the middle of the 
modern city.  

Fig. 8 Hijaz Railway Route landmarks  
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Figure 9. The ten bridges  

 

Figure 10. Al Giza Station on the Hijaz Railway Route 

Discussion  

This research highlighted the role of the landscape 
character in supporting city tourism activities. 
Maintenance and constant care of the place encourages 
regular visits. The interest in the place also grows, and the 
focus of officials and planners shifts to developing and 
revitalizing these places. The increase of open public 
spaces and natural landscapes in the city gives it the 
character of sustainability (Gürbey & Irmeili, 2023). 

As a final result using the equation used to evaluate 
the selected routes, Amman walkay route has scored the 
highest average (above 2.5), while the Adventure route 
the lowest. 

 

 

Fig 11. The Tourist Routes Evaluation in Amman

Table 8: Results of The Field Evaluation at The Three Tourist Routes Sites 

Criterion no. / track name  Amman walk-
way track  

The adventure 
track  

Al Hijaz railway 
track  

1: Recreational Activities High Medium Low 

2: Traditional Built Environment High Low High 

3: Nature and Landscape Features Low High Medium 

4: History and Heritage High Low Medium 

5: Accessibility High Medium Medium 

6: Infrastructure and Facilities High low Medium 

 

Moreover, the Amman Walkway route has the highest 
score for all 6 criteria, which explains why it is the most 
popular among tourists and has more visitors. 

Therefore, we conclude that if the landscape character 
is clear and it is also taken care of, the place will be more 
famous, and thus attract more tourists. 

According to this study and previous studies, tourism 
and landscapes complement each other. Still, attention to 
the landscape elements increases tourism opportunities 
and thus increases the city's economic strength and social 
characteristics. The simple interaction between landscape 
and tourism is illustrated in Figure 12. 

 

Fig 12. The model of the interaction between tourism 
and landscape (Mikulec & Ntoušková,2011 
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Some of the recommendations presented by this 
research are within the framework of permanent care and 
maintenance of natural sites, highlighting the importance 
of landscape architects and giving sufficient space for 
public open spaces and landscape planning of the city. As 
for the case study mentioned in the research, the focus on 
the landscape, especially within the city borders and 
outside the city center increases tourism opportunities 
and makes the place a distinctive natural landmark.   

Conclusions  

This study is only the first step in the development of 
tourism within the city of Amman, whether on the scale of 
open spaces or historical landscapes, as tourism 
constitutes an important model for the development of 
natural, cultural, and economic resources and determines 
the landscape character within cities. Promoting the idea 
of tourism routes within the city of Amman is a pioneering 
and very important experience to make the city an 
important landmark within the cities of the Middle East. 
Therefore, cooperation must be strengthened between 
landscape architects, planners, and local authorities 
responsible for tourism and planning to ensure the 
survival and development of the existence of these routes 
and make them landmarks. 

As was shown in this study, landscape elements are an 
integral part of the process of encouraging tourism; 
maintaining them and making clear criteria for their 
existence have a fundamental role in developing services 
for both residents and visitors. 
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