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ABSTRACT 

Usage of the tourist routes by the tourists causes a number of negative consequences 

which ranges from soil loss by rill and sheet erosion, trampling, increased compaction, 

and vegetation destruction to a disturbance in water retention and infiltration. In the close 

proximity of the cities, economic and recreational interests meet in the form of tourist 

routes that usually are designated on already existing roads, throughout the forests used 

for heavy vehicles movement that are not under active environmental protection. The 

main goal of this paper is to determine micro-topographical consequences of heavy 

vehicle passages and a tourist routes surfaces changes with in 10 year period in such area. 

Fruition of this goal requires monitoring procedures that allows for capturing changes 

over time. For that purpose, LiDAR data and the Structure-from-Motion photogrammetry 

technique has been applied in two separated plots on tourist routes surfaces affected by 

vehicles transitions in order to obtain detailed digital elevation models. Those models, in 

turn, allow for calculation and analysis of the changes over time with the use of digital 

elevation model of difference method. After two years of monitoring which includes total 

of twelve scans for both test fields, models were then analyzed to draw conclusions. 

Results of observations and scanning show destructive effects caused by the vehicles 

passages as well as further stages of the surface evolution including initial recovery stage 

and main transformation stage. 
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INTRODUCTION 

The human influence on the natural environment is important from the point of view of 

nature protection, as well as resources and their use in the economy [1], [2], [3]. This 

relationship and the pressure exerted by human activity, is often the result of 

anthropopressure. This concept has been the subject of many studies in the past, while its 

importance only grew within the last years, as land conservation and resources 

management became dominant in decision making process [4]. Many areas around the 

world has been maintaining this issue by establishing protected areas, such as national 

parks and reserves. In such areas, human activity has been regulated in order to protect 

the natures order. However, many sites do not have the appropriate conditions or do not 

meet the criteria, which would allow establishment of protected area. Within those areas, 

anthropopressure is visible in many forms spanning from emission, pollution, 

deforestation, land alteration, loss of biodiversity to even species extinction [5], [6], [7], 

[8], [9]. Sites heavily exposed to such problems are often located near the cities, where 

urbanization and the need for resources are growing together with the number of 
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population. Therefore it is important to sustain such areas, while those quickly become 

crucial in cities development. Suburban forests that are not protected sites are often used 

for timber harvesting, transportation, recreational and educational activity [10]. Signs of 

those actions can be observed on forest unpaved roads, which often serve as tourist routes. 

Many scientists have presented a negative impact of human use of forested roads. Those 

range from road-related problems, such as soil degradation, sediment transportation and 

plant trampling [11], [12], [13], [14], [15], to larger-scale issues such as deforestation, 

forest fragmentation, and loss of animals habitat [16], [17], [18], [19], [20]. While most 

of the road-related issues in regards to tourist routes are usually studied in protected areas, 

there is a much smaller number of studies that take up this subject in suburban forests. 

Among the main problems of  forested areas is the use of heavy vehicles in timber 

transportation and the devastation they leave behind. Heavy vehicles movement over 

forested roads, is limited or even forbidden in protected areas, while in unprotected sites 

their activity often is not regulated [21], [4]. Prone to degradation, tourist routes in 

suburban forests shows signs of heavy vehicles passages many years after their 

occurrence. With such repeated use road gullies are created, which are not able to return 

to their natural state. Instead, their development is dependent on a heavy vehicle passage 

cycle. Because of this cycle, such forms retains their microtopography over the years [22], 

[23], [24]. The key issue taken by this study is the assessment of the ability of road gullies, 

to develop a resistance to the heavy vehicle passages over the years of use. Understanding 

this environmental ability, might bring new information on how such roads develop under 

continuous use, and if recovery actions are required in order to return the road gully to a 

state similar to natural. Therefore the goal of this paper is to asses the microtopographic 

changes, before and after the passage of the heavy vehicle over the forested road, which 

serves both as a transportation and tourist route in urban forest. With it, derive a stages of 

the devastation cycle and potential recovery. 

 

METHODS 

Study area 

Fieldwork has been conducted in the city of Kielce, located in the western part of the 

Holy Cross Mountains in central-eastern Poland. The mentioned urban area is located 

between forested mountain ranges, whose highest peak is Mount Telegraf (407 m. a.s.l.). 

In Kielce, there is a dense network of tourist routes, many of which are overlapping with 

logging routes used for timber harvesting [25]. Development of tourism and recreation 

infrastructure is relatively slow in comparison to protected areas such as national parks, 

however, the potential for further development can be seen in the addition of the 

Świętokorzyskie Geopark to the UNESCO Global Geoparks Network in April 2021. 

Forests around Kielce are managed by Polish State Forests which controls timber supply, 

performs environment conservation, and provides access to the forest for the population, 

for recreation or minor gathering needs. Forested roads usually have unpaved surfaces, 

and were never purposely designed for tourism. Most of the routes are over 200 years old, 

as similar to today's forest roads patterns can be seen in historical military maps, such as 

the  map of Western Galicia (1804) or the  map of  Military Geographical Institute (MGI) 

from 1929. Such legacy routes often are in a degraded state, which is a result of many 

years of diverse usage. In order to perform monitoring of the microtopographical changes 

over the forested routes, which are caused by the heavy vehicle movement, two separated 
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testing sites have been selected (Tab. 1). The first one is in the southern area of the city 

while the second is located in the northern reach. 

Table 1. Characteristics of test fields 

Characteristics Test field 1 Test field 2 

Location of the test field 50.8352°N, 20.6269°S 50.9074°N, 20.6069°S 

Age of the road Over 220 years old (present on 

historical maps from 1804) 

Less then 80 years old (absent 

on historical maps before 1939) Area of the measurement 32.5 m2 30.7 m2 

Altitude  307 m a.s.l. 277 m a.s.l. 

Maximum exposed route width 304 cm 334 cm 

Route maximum depth 67 cm 50 cm 

Slope 1,72° 3,60° 

Aspect of the road S W 

Road to slope alignment angle 43° 48° 

Soils texture Sand Loamy Sand 

Soil density 1,76 g/cm3 1,48 g/cm3 

Forested area 441,45 ha 127,21 ha 

Geology Upper Cambrian - sandstones 

and quartzite conglomerates 

Pleistocene - till 

 

Test field 1 is located near the Telegraf Mountain (southern Kielce) on the road, which 

serves as a tourist route as well for wood transportation. It is a 10-meter segment, deeply 

incised by the wheels of the vehicles. The road, where this area is located, served its 

purpose for many years. Historical maps of Western Galicia from the 1804 year show a 

road in the similar position, as the one that is present today. In addition, aerial LiDAR 

scanning data showed multiple legacy roads, which are currently overtaken by the forests 

vegetation. In the last decade test field 1, has gone through major vehicle passages, which 

resulted in a very devastated state at the beginning of 2020. Test field 2 is also a 10-meter 

route segment, which is located in the northern part of the Kielce urban area. Similar to 

Test field 1 it also serves as a tourist route, however only recently tree felling and timber 

harvesting have started in this area. Although this test field presents a similar level of 

devastation in comparison to Test field 1, its area is much less disturbed, this can be 

confirmed by the lack of the current road of test field 2 on historical maps from before 

1939, and much smoother LiDAR elevation model. 
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Figure 1. Study area and pictures of both test fields with LiDAR relief, yellow wooden sticks  

represents GCPs locations. Test field 1 LiDAR data reveals a network of legacy roads currently  

overtaken by the vegetation 

Field procedure and data processing 

To assess the microtopographic changes before and after the passage of the heavy vehicles 

on the surface of the route, a DEM of difference method has been applied [26], [27], [28], 

[25] and it was a final element of comparison procedure (Fig. 2). This approach allows 

for direct comparison between digital elevation models, to asses the changes between 

them. In order to conduct such comparisons, a series of fieldwork has been done on both 

test fields from March 2020 to November 2021 which was supported by data gathering 

stage. Gathered data includes - historical and thematic maps such as: the map of Western 

Galicia 1: 28800 (1804), map of the Eastern Mining District of the Kingdom of Poland 1: 
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42000 (1868) or the topographic maps of  Military Geographical Institute 1:100000 

(1929-1939) as well as maps of Kielce city 1:10 000 (1959 and 1982). Scans of maps 

were obtained from https://fotopolska.eu/ which are available for public use. In this 

research, aerial LiDAR point clouds were used, which were produced in 2011, 2016 and 

2019 year (with point density equal to 24 points per meter square). This data was provided 

by the Kielce City Hall to Jan Kochanowski University for scientific purposes. Test fields 

have been located in the LiDAR point cloud data and segmented from the original cloud, 

based on the area of the study site and provided classification (ground points only). This 

preparation allowed for better accuracy than achieved in previous studies [25]. Horizontal 

and vertical errors have been assessed to be close to 5 cm, however, after the process of 

clouds registration, the root mean square error (RMSE) has been decreased to the range 

of +-2 cm. Segmented data has been then imported into CloudCompare (version 2.10). 

Where comparison can be carried out. During the fieldwork Structure-from-Motion 

(SfM) photogrammetry technique has been applied to obtain the detailed point clouds of 

both test fields in their current state, six times, every 3 to 6 months. Test fields have been 

divided into three rectangular areas which were marked by wooden sticks with painted 

signs, those served as ground control points. Singular SfM scan was performed with a 48 

Mpix smartphone camera placed on a tripod (Xiomi Mi 9T pro) with settings as follows: 

shutter speed 1/500, ISO 1600, lens set to wide, and focus of the camera set to manual. 

Each SfM scan for the test field was composed of 250 to 300 pictures. SfM 

photogrammetry scans were supported by 8 ground control points (GCP), which were 

located on each test field. Their location has been measured by GPS receiver (Trimble 

GeoXH 2008 series) and then corrected by manual measurements of distance and azimuth 

to the nearest trees, with the use of a laser measuring tool. Obtained measurements in the 

field and 2019 LiDAR reference data were then used, to correct the GPS position with 

the use of QGIS (version 3.4) GIS software. A procedure that was applied to SfM point 

cloud creation was similar to those performed by the series of previous studies [26], [27], 

[25]. Firstly, pictures were imported into Agisoft Metashape (ver. 1.7) and their quality 

has been assessed by the software. Those that have had lower sharpness and lowest quality 

were removed. After that, each picture had from 3 to 8 markers placed with coordinates 

of GCPs measured in the field. Camera alignment was performed with settings: quality - 

highest, reference preselection - subsequential, key point limit: 60000, tie point limit: 

6000, Adaptive camera model filtering option - on. Newly created tie point clouds, 

spanning from 280 to 410 thousand points were then filtered, with the use of a gradual 

selection tool. Tie points that originate from 2 pictures or less were removed, the same 

has been applied to other filtering criteria such as projection accuracy: higher than 10 

pixels, reprojection error: higher than 0.5 pix, reconstruction uncertainty: higher than 50. 

Points that matched those criteria were removed. After the filtering, dense point cloud has 

been created with the setting set to: quality - medium, depth filtering - aggressive, with 

the option „calculate point confidence - on”. Such point clouds have tens of millions of 

points, calculated confidence criteria, have been used to filter points with a confidence 

lower than 10.  

Data obtained this way undergo RMSE assessment based on the scale bars prepared in 

the field and compared with the SfM clouds. RMSE for test field 1 ranges from 0.6 to 1.2 

cm while for test field 2 from 0.7 to 1.4 cm. Point clouds of the test fields have been 

exported then into las 1.3 format, for further comparison with the LiDAR data. After the 

preparation of all of the point cloud, data has been imported into CloudCompare software 

where the comparison has been carried out. 
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Figure 2. Flow chart of the procedure and software used to  

prepare and compare point clouds of LiDAR and SfM 

Each point cloud has been registered to the proper georeferenced position based on the 8 

GCPs (ETRS89 / Poland CS2000 zone 7 - EPSG:2178). After that, each cloud could be 

compared. The total number of periods that have been taken into account is 9. Those are 

LiDAR:  2011, 2016, 2019, and SfM: March 2020, July 2020, November 2020, March 

2021, July 2021, and November 2021. In order to assess the changes before 2011, a plane 

surface has been fit on top of the 2011 road gully, which resembled the original surface 

before the road was created. For assessment of the changes between point clouds 2.5D 

volume calculator tool has been used, to obtain the volume values of the changes between 

periods as well as a digital model of relative height changes. Dynamic of each periods 

changes has been calculated from the equation. 

 

𝑇𝐹𝑑 =
|𝑉𝑎 + 𝑉𝑟|

𝐿𝑝
× 𝑆𝑑 

Where:  

TFd - Test field changes dynamic [g/day], Va - Volume added in the given period in 

[cm3],  

Vr - Volume removed in the given period in [cm3], Lp - length of the period [days], Sd - 

soil density [g/cm3]. 
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RESULTS 

Analysis of over 10-year changes has revealed multiple events of destruction (heavy 

vehicles movement) and recovery stages where the dynamic of erosion and deposition 

stayed on a lower and stable level. Although precise events before 2011 are unknown, the 

overall result of the road usage can be derived from the first period (horizontal even plane 

compared to LiDAR form 2011). The first comparison shows larger damage done to the 

route of test field 1, where the entire surface of the road has been turned into a road gully. 

While second test field shows the greatest incision in the upper area of the field between 

points P1 and L1 (Fig. 3). Calculated soil loss up to 2011 is equal to 11 m3 for test field 

1 and 6.75 m3 for the second test field. With soil density taken into account, those values 

correspond to 19.36 tons for test field 1 and 9,99 tons for test field 2. After 2011 the next 

scan available is aerial LiDAR data from 2016 and 2019 up to the first SfM 

photogrammetry scan in March 2020. Their comparison with the 2011 data shows 

characteristics of the changes as well as differences between test fields (Fig. 4). The 

comparison shows that in the 5 year period, from 2011 to 2016 both test fields were not 

as similar in shape as today. The first test field showed mostly erosion on road edges 

which might be evidence of the establishment of the road gully and a major incision 

before 2011. On the other hand, the second test field represents ruts that were created in 

the 2011 to 2016 period, at the same time edges together with the central area were 

uplifted from 5 to 20 cm up in comparison to 2011. 

 

 
Figure 3. A) Colored hilshade of each test field. B) Relative height change between a  

horizontal even plane and 2011 LiDAR point cloud for the test field 1 and 2. Blue color  

represents the highest damage reaching from 30 to 60 cm of negative height change 
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Figure 4. Changes in the test fields in the 2011-2016 (A), 2016-2019 (B),  

and 2019 - 2020 (march) (C) periods 

In the next period from 2016 to 2019 test field 1, has had its ruts deepened in a similar 

fashion to the second test field. In addition, in the first case, a larger widening can be 

observed, as the route was already deep while its edges are very sharp. In this period, 

signs of the vehicle's movement can be seen on both sites. Both test fields uphold a similar 

magnitude of changes dynamics. The period that showed the largest differences between 

the test fields was one from the year 2019 to march 2020. In this period in the area of test 

field 1, areal tree felling has had its place, which resulted in multiple heavy vehicles 

passages. In test field 2 such activity was not carried out until 2021, this is why very small 

changes in comparison to the first field were recorded. In test field 1, ruts were lowered 

in comparison to the year 2019 from 10 to 40 cm. At the same time, the right edge and a 

central area have been uplifted up to 10 cm. Overall volumetric changes for test field 1, 

were equal to negative 1.5 m3 which corresponds to 2.64 tons of soil loss. At the same 

time test field 2, recorded minimal changes where timber harvesting was not conducted. 

Although the change was still negative its represented only 89 thousand cm3 or loss of 

131.72 kg of soil (Tab. 2). This main difference sets up a stage for direct comparison 

between those fields in 2020 and 2021 where test field 1 has been freshly devastated by 

the vehicles, while test field 2 has had its time to recover since the last major devastation 

to the surface, which took place before the 2019. In the first SfM period, initial recovery 

in the form of denudation can be observed for test field 1. Central area and sides of the 

road, which were uplifted during the initial devastative event now erodes its most sharpest 

edges. Some of sediment eroded this way from route sides as well as from the center is 

deposited in the ruts left out by the passing vehicle.  
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Figure 5. Differences between each SfM photogrammetry scan in 2020 and 2021.  

Test field 2 (D) shows road devastation event 

Test field 1, has kept the high dynamic of the changes until the last SfM scanning. At 

first, erosion dominated only to be replaced by the strong deposition, especially after the 

winter 2020 and fall of 2021 where deposition record was the highest. The second test 

field in the same period has had different behavior. Very few signs of vehicle movement 

have been spotted up to spring of 2021, where route devastating events in the form of 
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areal tree felling have occurred. Before that, signs of the final recovery phase could be 

observed in March - July 2020 period on test field 2, where vegetation overtook the 

surface. Plants represent positive height change values, while very small negative change 

has been recorded along the axis of pedestrians walking path. Besides the addition of 

plants, the dynamic of changes was much smaller than in test field 2. During the 

devastation event on test field 2, which happened from March 2021 to July 2021 ruts have 

been deepened by an additional 10 to 25 cm. The large weight of the vehicle uplifted the 

right side and central area while the left side, which was already uplifted by the previous 

passages remained mostly undisturbed. Volumetric balance for test field 2 in this period 

was negative and reached -0.819 m3 or 1.21 tons of soil loss. Dynamic of that period 

changes in comparison to the ones that were recorded previously grew by 300%. In 2021 

after the destructive event, vegetation cover retreated to the sides of the route. In the last 

period for test field 2, the initial recovery phase started, where uplifted soil material in 

the central area and on the right side started to erode, while newly deposited sediment can 

be observed in the ruts left out by the vehicle's wheels (Figure 5). 

Table 2. Changes and their dynamic in each test field during each period 

Period 

Added 

volume 

[m3] 

Removed 

volume 

[m3] 

Volume balance [m3] 

(soil balance [kg]) 

Test field 

changes 

dynamic 

(g/day) 

TF1 - Horizontal plane - 2011 0.036 11.843 -11.807 (-20780) - 
TF2 - Horizontal plane - 2011 0.064 6.814 -6.750 (-9990) - 

TF1 - 2011 - 2016 (1820 days) 0.452 1.285 -0.833 (-1466) 1 664,19 
TF2 - 2011 - 2016 (1820 days) 0.619 1.410 -0.792 (-1172) 1 634,68 

TF1 - 2016 - 2019 (1041 days) 0.371 1.724 -1.354 (-2383) 3 565,96 

TF2 - 2016 - 2019(1041 days) 0.160 1.508 -1.349 (-1996) 2 387,46 
TF1 - 2019 - 03.2020 (325 days) 0.868 2.367 -1.500 (-2640) 19 365,9* 

TF2 - 2019 - 03.2020 (325 days) 0.391 0.480 -0.089 (-131.72) 4 384,62 
TF1 - 03.2020 - 07.2020 (122 days)  0.398 0.412 -0.014 (-24.64) 11 540,96 

TF2 - 03.2020 - 07.2020 (122 days)  0.240 0.168 0.073 (108,04) 4 949,50 
TF1 - 07.2020 - 11.2020 (118 days) 0.307 0.395 -0.088 (-154.88) 10 470,5 

TF2 - 07.2020 - 11.2020 (118 days) 0.163 0.235 -0.072 (-106.56) 4 991,86 

TF1 - 11.2020 - 03.2021 (125 days) 0.481 0.286 0.196 (344.96) 10 799,36 
TF2 - 11.2020 - 03.2021 (125 days) 0.286 0.143 0.143 (211.64) 5 079,36 

TF1 - 03.2021 - 07.2021 (122 days) 0.267 0.360 -0,093 (-163.78) 9 045,24 
TF2 - 03.2021 - 07.2021 (122 days) 0.249 1.068 -0.819 (-1212,12) 15 976,7* 

TF1 - 07.2021- 11.2021 (114 days) 0.520 0.365 0.155 (272.80) 13 663,15 

TF2 - 07.2021- 11.2021 (114 days) 0.212 0.173 0.039 (57.72) 4 998,24 
  *areal tree felling in the neighborhood 

 

Observation of the mentioned events on both test fields allows for their classification 

based on dynamic and a character of changes for following phases, which are parts of the 

degradation cycle. SfM periods that have had their test field changes dynamic (TFd) from 

15 to 19 kilogram per day, were classified as starting point of the cycle as a route 

devastation events. Both test fields have shown a behavior that leads to another phase 

after the devastation. It is the initial recovery phase, where sharp edges created during the 

vehicle's passage and uplifted areas are eroding, while new sediment is deposited in the 

deepest areas of the routes. This phase can last from 4 (Test field 1) to 8 (Test field 2) 

months depending on the amount o degradation caused by the route devastation event. 

With the initial phase completed, the route then transitions towards the main denudation 

phase where deposition usually is larger then erosion and compaction of the soil’s surface 
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is getting smaller. Test field 2 in 2020 shows signs of this final phase as plants started 

taking roots in route surface, effectively overtaking a portion of the area in the central and 

upper part of the field. Potentially, this denudation process can take from just a few years 

up to decades depending on the overall level of use, sharpness of the edges, type of plants, 

and their growing conditions. Alternatively, the cycle can be repeated again by a new 

route devastation event, such as heavy vehicle passage over the route which returns the 

cycle to the beginning, as was the case on Test field 2 (Fig. 6). 

 

 
Figure 6. Timeline of the SfM monitoring periods from 2019 to 2022  

with their classification to phases in degradation cycle 

DISCUSSION 

Concerning the impact of the vehicles in different environments has been found in 

multiple research [29], [30], [31], [32], [33]. In those studies, results point out similar 

degradation cycles with the main difference in speed of the recovery phase. Areas such 

as dunes or grasslands have a much larger susceptibility to devastation, while urban areas 

are more prone to chemical pollution and heat island effect [4]. The main goal of this 

research was to assess the microtopographic changes before and after the passages of the 

heavy vehicle over the forested road which serves both as a transportation and tourist 

route in an urban forest. With the use of aerial LiDAR and SfM point clouds data, such 

changes have been assessed and results show a clear cycle of degradation where the path 

is destroyed by route destruction events such as the passage of the heavy vehicles, 

followed by the long period of recovery up to another devastation. Both test fields have 

shown the signs of the degradation cycle, all though the first one has the larger dynamic 

of changes. Both test fields also show much larger changes than the one reported by other 

studies conducted in protected areas, where the use of heavy vehicles has been restricted, 

and shows the significantly slower dynamic of changes compared to the one found in this 

research [34], [11], [21], [14], [35]. Route devastation events caused by the heavy 

vehicles recorded in this study were responsible for the loss of 2640 kg of soil (25-40 cm 

deeper ruts) from the test field 1 and  1212,12 kg (15-25 cm deeper ruts) for test field 2. 

This damage is larger than the one caused by the most extreme cases of heavy rainfall 

events, responsible for an increase in path incision from 15 to 21 cm [36]. All this points 

out the human impact caused by the use of heavy vehicles as a most destructive form of 

forest routes, which is why it is heavily limited and even forbidden in protected areas. 

Findings of this research show that urban areas such as Kielce where timber harvesting 

and transport through the forest is important from the economic point of view, have to 

deal with the issue of overlapping tourist route networks and routes used by the vehicles. 

By overlapping these two, a loop of creation and abandonment of the roads is in motion 
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(Fig. 7). With the damage caused by the vehicles passages, tourists tend to search for an 

alternative path around the damaged segment, effectively starting a new route. Once the 

vegetation is trampled on a new path it widens to the point of being usable by vehicles 

which leads to another main devastation event and repeat of the loop. Test field 1 can be 

evidence of such loop as aerial LiDAR shows multiple abandoned legacy roads, which 

are parallel to the current route.  

 

 
Figure 7. Simplified model of the human impact caused by the vehicles and  

tourists and their relation in the creation of the new forested paths 

Findings also show an interesting behavior of the vegetation cover on test field 2 where, 

after at least 2 years without or with minor disturbance, plants started taking roots in the 

central area of the field marking the final part of the recovery phase. The topic of plant's 

resilience to trampling and vehicle movement was a topic of other studies [37], [38], [39], 

where it was confirmed their importance in the ability of the natural route restoration. As 

it currently stands, results of both test fields show that the route natural restoration ability 

is not enough as the devastation cycle is too often repeated on the forested roads in Kielce. 

The degradation cycle can not be prevented unless heavy vehicles are not used for several 

years, which is unlikely due to the economic losses. With the constant passages of the 

vehicles, the vegetation expansion phase can not be completed. Although results have 

been presented and discussed this study has had its limitations which were mainly 

connected to the intensity of route use. Since the start of the monitoring program in 2019 

a situation over the road was monitored, however before this period there a no information 

available about areal tree felling or intensified periods of heavy vehicles usages. 

Therefore interpreting LiDAR data from 2011 and 2016 is much more difficult and has 

larger uncertainty. The intensity of use is hard to interpret over such a road because there 

a no records of illegal passages of the vehicles such as off-road vehicles or all-terrain 

vehicles (ATV) which do not belong to the Polish State Forests service. The amount of 
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tourists has been assumed as small (in the range of 10 to 20 thousand annually) based on 

other studies performed in the area, and hiking trail activity monitoring which is currently 

conducted by the author on other forested routes within Kielce hiking trail network. 

Future studies will include more precise data on the amount of use for those routes. 

 

CONCLUSION 

Urban forested roads on the example of Kielce receive large antropopressure resulting 

from the constant use of heavy vehicles for timber harvesting. Moreover, no restoration 

activities are performed in order to fix the route surface after the main areal tree felling is 

completed. In order to minimalize human impact on the environment and slow down the 

degradation cycle presented in this study, state of the road should be included in planning 

before such work is done. It would be advised to perform simple restoration procedures 

to the used roads. It is also important for the drivers of the vehicles to avoid creating new 

paths which are parallel to the ones already created, this way the areal effect of human 

use can be smaller while the land around the route is less disturbed. An increase in the 

tourism potential of Kielce by the addition of this area to a UNESCO Geopark Network 

might spark increased pressure on the tourist routes, which are available in the city. 

Therefore it is important not to overlook the issue of overlapping the trails with a 

transportation routes used by the heavy vehicles. Tourist movement is largely known for 

the avoidance of muddy surfaces, which in turn widens the already existing roads or even 

creates new paths. In Kielce, a re-planning of the tourist route network should be 

considered in order to avoid the issue of overlapping and optimizing traffic on forested 

roads.. 
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