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Abstract

This paper presents results from an analysis of the frictional distance of urban development to the
nearest functional forest. A functional forest is defined by natural forest habitats in the sense of the
Catalogue of Habitats of the Czech Republic, which simultaneously meet the minimum area
requirement. The distance to the forest is calculated using the modified distance to nature (D2N)
method for all locations in the Czech Republic, described by a 10x10 m area. The direct distance is
calculated using the Euclidean distance method without barriers, and the friction is given as a function
of the naturalness of the intersecting habitats. Results - maximum and median distances are
evaluated at county and state levels. The distances achieved are further compared to the direct
distance to the functional forest and the distance to the nearest forest segment (regardless of quality
and area).
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Introduction

The forest performs several ecosystem functions (Pechanec et al., 2021, Machar et al., 2022) which
are essential for humans. In addition to production and regulatory functions, it is also a recreational
function (La Rosa et al., 2016). In many cases, it is recommended by many experts to "go to the
forest" for its beneficial effect on human health (DoSenovi¢ et al., 2017, Kilianova, 2020). How far do
the inhabitants of towns and villages in different parts of the country have the forest? How do the
maximum and average (or median) distances differ at the regional level? That is, at the level of
administrative units where development planning for the respective region is actively taking place?
And which forest does one have at one's disposal? The average forest cover in the Czech Republic is
33.4%, and according to the annual reports of the Ministry of Agriculture (Ministry of Agriculture,
2021), the forest cover has been slightly increasing in recent years.

Is there any difference between the different types of forests (in terms of naturalness) and their
distribution in the country?

Materials and methods

The area of interest for this study is the entire Czech Republic. The data of administrative division
(state borders, regional borders and borders of municipalities with extended competence) are taken
from the free available database ArcCR 3.3.

The category "natural forest" comprises segments of natural forest habitats defined in the Catalogue of
Habits of the Czech Republic - code designation L1-L9.3 (Chytry et al., 2010) and identified in the
Detailed Combined Layer of habitats (DCL). DCL is a vector map layer processed at a scale of 1:10
000 in the extent of the Czech Republic. It describes vegetation cover at the level of habitats. It
distinguishes 156 types of natural biotopes and 38 types of non-natural habitats. The whole territory is
described by 3 397 852 segments. Several national and international datasets (mainly from the
European Copernicus project) were used in its construction. The last update is from 2018. More
information is described in Cudlin et al. (2020).

The "functional forest" category is a selection from the type "natural forest", provided that each
segment meets (is greater than or equal to) the parameter of minimum area parameter of the
respective habitat, indicating sufficient size for the full development of the habitat. Adjacent segments
of function forests were merged, and the minimum area size was tested on the merged element.
Minimum area values were taken from Sejak, Dejmal et al. (2003). The categories of Contiguous and
Discontiguous urban fabric (TAG 1.1.1 and 1.1.2) from Corine Land Cover Methodology define the
urban environment. The data source was the 2018 vector version of the Corine Land Cover dataset,
freely available from the repository http://land.copernicus.eu.
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The frictional value was determined by the degree of naturalness of each habitat and normalized on a
scale of 1-2. Distances to forest segments were calculated using the algorithm of the Euclidian and
Cost distance without barriers in a raster representation with 10m/px resolution in ArcGIS Pro. The
frictional value was included according to the D2N methodology (Rudisser et al, 2012). Individual
rasters of distance were disaggregation into administrative units and compared to each other using
map algebra tools.

Results

The results show the variability of the proximity of forests to the urban environment in individual
regions of the Czech Republic. The distance varies depending on the desired character of the forest
environment. The results are presented in Table 1-3.

Tab. 1: Distances to the ,forest* category at the state and county level

Name Direct distance (m) Friction distance (m)
MAX MEAN MEDIAN MAX MEAN MEDIAN

Czech rep. 1494.9 84.5 67.1 2942 168.5 132.8
Capital City of Prague 1015.1 2154 176.9 1939.1 425.5 348

Central Bohemia Region 325.7 65 51 678.7 129.6 103.8
South Bohemia Region 527 79.2 67.1 955.4 157.9 136.6
Pilsen Region 336.2 76 60 667.9 151.7 121.3
Karlovy Vary Region 161.2 76.9 64 317.9 149.1 129

Usti nad Labem Region 393.6 924 78.1 785.1 184.2 153.3
Liberec Region 351.7 60.3 53.9 731 117.7 104.7
Hradec Krélové Region 433.8 73.6 67.1 901.1 146 130.1
Pardubice Region 386.3 80.2 70 788.4 159.3 133.1
Vysocina Region 331.2 85.1 76.2 649.1 170.8 149.6
South Moravian Region 1494.9 103.2 72.8 2942 207.8 151.4
Olomouc Region 608.3 85.8 70.7 1223.2 172.6 141.4
Zlin Region 413.4 83.9 76.2 831.7 168.3 150.8
Moravian-Silesian Region 575.7 63.3 50 1126 126.3 99.5

The analysis of the tabular results shows that for the territory of the Czech Republic, the category
"forest" is at a maximum direct distance of 1,495 m with a median of 67 m, which means that
any/average resident of the Czech Republic has a forest within 1,495 m of a town or village, with half
of the distances within 67 m. When evaluating distance with friction, the distance category "forest" is
2942 m with a median of 133 m. This represents 50.8% of the maximum distance and 50.5% of the
median value.

When evaluating the regions in terms of accessibility to the forest, the most favourable values for the
maximum direct distance are the Karlovy Vary, Central Bohemia and Vysocina regions, with values of
161, 326 and 331 m, respectively. When considering the median of the maximum direct distance of
the "forest" category from the urban area, the Moravian-Silesian (50 m), Central Bohemian (51 m), and
Liberec (54 m) regions have the lowest values. In terms of the highest distances to the forest, the
inhabitants of the South Moravian Region (1495 m), the Capital City of Prague (1015 m) and the
Olomouc Region (608 m) have the furthest distances. However, the median distance is highest in the
Capital City of Prague (177 m), the Usti nad Labem Region (78 m) and the Vysoéina Region and the
Zlin Region (76 m).

The maximum distance to the "forest" influenced by friction is lowest in the Karlovy Vary Region (318
m), the VysoCina Region (649 m) and the Pilsen Region (668 m). In comparison, the highest values
were reached by the South Moravian Region (2942 m), the Capital City of Prague (1939 m) and the
Olomouc Region (1223 m). The results of the median calculation show that the lowest median values
are in the South Moravian (100 m), Central Bohemia (104 m) and Liberec (105 m) regions, while the
highest values are in the South Moravian (151 m), Usti nad Labem (153 m) and Prague (348 m)
regions.

The maximum distance reaches the lowest 48% of the distances with friction in the Central Bohemia
Region and the highest at 55.2% in the South Bohemia Region. In comparison, the median rating
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reaches the lowest value of 48% in the South Moravia Region and the highest of 52.6% in the
Pardubice Region.

Tab. 2: Distances to the ,natural forest“ category at the state and county level

Name Direct distance (m) Friction distance (m)

MAX MEAN MEDIAN MAX MEAN MEDIAN
Czech rep. 4795.5 629.9 496.5 8400.1 1117.2 905.4

Capital City of Prague 1963.1 683 735 3579.9 1264.1 1348.5
Central Bohemia Region 3470.8 660.1 539.4 6031.6 1161.3 960.3
South Bohemia Region 2527.9 640.5 587.3 4285.7 1115.7 1024.9
Pilsen Region 1596.6 569.5 490 2674.2 998.5 889.2
Karlovy Vary Region 901.4 315.9 304.1 1588.6 552.2 530.3
Usti nad Labem Region 2929.3 569.4 418.7 5067.6 1005.7 745.3
Liberec Region 841.7 302.4 260.8 1555.6 535.4 476.8
Hradec Kralové Region 2125.6 541 4491 3630.2 962 807.9
Pardubice Region 2218.9 571.7 460.3 3906.4 1014.4 868.6
Vysocina Region 2626.8 661.5 584.6 4236.7 1163.2 1088
South Moravian Region 4430.9 909.7 687.7 7657.2 1613.3 1237.9
Olomouc Region 4795.5 827.7 623.7 8400.1 1481.1 1133.4
Zlin Region 2319.3 575.1 440.5 4128.5 1030.5 792.5
Moravian-Silesian Region 2127.2 493.5 4134 3558.6 879.8 728.3

For the "natural forest" category, the maximum direct distance from the urban area is 4,796 m with a
median value of 497 m, for residents represent natural forest within 5 km of the urban area with half of
the values within 497 m. The distance with friction is 8 400 m with a median of 905 m. The direct
distance is 57.1% of the distance with friction; the median rating is 54.8%.

The "natural forest" category has the lowest values of maximum distance in the Liberec (842 m), Usti
nad Labem (901 m), and Pilsen (1597 m) regions, while the highest values are in the Olomouc (4795
m), South Moravian (4431 m) and Central Bohemia (3471 m) regions. When considering the median
of the maximum direct distance of the category "natural forest" from the village/town, the lowest values
are in the Liberec Region (261 m), the Karlovy Vary Region (304 m) and the Moravian-Silesian Region
(413 m), while the highest values are in the Capital City of Prague (735 m), the South Moravian
Region (688 m) and the Olomouc Region (624 m).

The maximum distance to the "natural forest", including friction, is lowest in the Liberec (1556 m),
Karlovy Vary (1589) and Pilsen (2674 m) regions and highest in the Olomouc (8400 m), South
Moravia (7667 m) and Central Bohemia (6032 m) regions. The results of the median calculation show
that the lowest medians are in the Liberec (477 m), Karlovy Vary (530 m) and Moravian-Silesian (728
m) regions, while the highest values are in the Capital City of Prague (1348 m), the Olomouc Region
(1133 m) and the Vysocina Region (1088 m).

The maximum distance reaches the lowest of the distances with friction in the Liberec region (54,1%)
and the highest in the Vysocina region (62% ), the median rating reaches the lowest value in the
Pardubice region (53%) and the highest in the South Bohemia and Karlovy Vary regions (57.3%).

The category "functional forest" reaches a maximum distance from the urban area of 5,095 m with a
median of 580 m. Distances with friction are 8,903 m and 1,031 m, respectively. The direct distance
reaches 57.2% of the distances with friction; the median rating is 56.3%.

The analysis of the regions in the "functional forest" category shows the lowest values of the maximum
distance in the Liberec, Karlovy Vary and Moravian-Silesian regions with values of 1011 m, 1528 m
and 2133 m, while the highest values are in the South Moravian, Olomouc and Central Bohemia
regions with values of 5095 m, 4795 m and 3652 m. The analysis of the median of the maximum
distance of the category "functional forest" from the village/town shows that the lowest values are in
the Liberec Region (303 m), Karlovy Vary Region (339 m) and Usti nad Labem Region (445 m), while
the highest values are in the Vysocina Region (850 m), the Capital City of Prague (835 m) and the
South Moravian Region (812 m).

In terms of the maximum distance concerning friction, the lowest distances to the functional forest are
in the Liberec Region (1655 m), the Karlovy Vary Region (2687 m) and the Moravian-Silesian Region
(3561 m), while the highest distances are in the South Moravian Region (8903 m), the Olomouc
Region (8400 m) and the Central Bohemian Region (6800 m). The results of the median calculation
show that the lowest median values are in the Liberec (538 m), Karlovy Vary (585 m) and Usti nad
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Labem (814 m) regions, while the highest values are in the Capital City of Prague (1529 m), VysocCina
(1508 m) and South Moravian (1437 m) regions.

The maximum distance reaches the lowest distances with friction in the Pardubice Region (55.5% )
and the highest in the South Bohemia Region (66.3% ). In comparison, the "median distance" reaches
the lowest value in the Pardubice Region (53.9%) and the highest in the Karlovy Vary Region (58%).

Tab. 3: Distances to the ,functional forest* category at the state and county level

Name Direct distance (m) Friction distance (m)
MAX MEAN MEDIAN MAX MEAN MEDIAN

Czech rep. 5094.8 732.8 580.1 8902.7 1286.8 1030.6
Capital City of Prague 2807.5 748.8 834.9 4904.7 1384.8 1529.1
Central Bohemia Region 3651.8 754 616.1 6500.3 1318.7 1081.6
South Bohemia Region 2843.5 754.3 680.1 4289.8 1297.5 1183.9
Pilsen Region 2471.8 709.8 612.2 4093.7 1226.3 1078.1
Karlovy Vary Region 1527.6 389.2 339.4 2687.3 666.7 585
Usti nad Labem Region 2929.3 605.5 445.5 5067.6 1061.1 814.4
Liberec Region 1010.6 344.4 303.1 1654.5 601.2 537.5
Hradec Kralové Region 2172.8 663.8 541 3778.4 1163.9 974.3
Pardubice Region 2218.9 683.3 529.5 4001.6 1194.3 983.2
Vysocina Region 3199 941 850 5407 .4 1620.1 1508.3
South Moravian Region 5094.8 1030.3 811.5 8902.7 1818.2 1437.3
Olomouc Region 4795.5 931.7 692.3 8400.1 1659 1224.3
Zlin Region 2337.9 635.3 495 4192.9 1126.2 846.1
Moravian-Silesian Region 2133.2 555.2 466.9 3560.9 979.9 828.1
Discussion

In evaluating any analysis, the purpose should always be clearly defined. The research performed
here is based on exact data but with a certain degree of subjectivity in the design of the entire
analysis.

In this case, the maximum and median distance indicators were compared. Similarly, a more common
average distance could have been used. The median was chosen because its value is not affected by
the occurrence of outliers. The mean values were also calculated, and the results tables show them.
The critical point is the choice of the cost value for calculating the frictional distance. Here a
naturalness value was used, with natural habitat having a resistance value of 1 and artificial habitat
having a resistance value of 5 (Cudlin et al. 2020). This scale is based on assessing permeability to
biological processes, which is significant in maintaining functional connectivity, the spread of
diaspores in the landscape, etc. However, it is questionable to what extent today's typical person
considers themselves a natural feature and would perceive the load in this way rather than an inverted
scale where they would assume that they move more quickly through artificial habitats and least easily
in real nature.

However, regarding the effect of recreation and relaxation, the preservation of nature and the degree
of fulfilment of the ecosystem services involved are more important (Pechanec et al., 2021); therefore,
the scale was used.

Conclusion

The paper shows the variability of the direct and frictional distance to the forest in individual regions of
the Czech Republic and the value valid for the whole Czech Republic.

The distance is calculated from the urban area to the nearest forest segment, which is analysed at
three functional levels - any forest, natural forest and functional forest. Distance is calculated by
Euclidean (direct) distance and frictional distance, where the cost value is expressed by the degree of
naturalness of the intersecting landscape segments.

According to the analysis results, the Liberec region performs best, having the shortest maximum
distance to a functional forest at 1010 m, which is about five times closer than the value for the whole
country. In the case of the distance of any forest, the Karlovy Vary region performs best at 161 m,
compared to the national distance of 1494 m.
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Souhrn

PFispévek predstavuje vysledky analyzy pfimé a frikéni vzdalenosti intravilanu k nejblizSimu lesa. Les
je rozdélen do 3 kategorii veSkeré les, pfirodni les a funkéni les). Funkéni les je definovan pfirodnimi
lesnimi biotopy ve smyslu Katalogu biotopti CR, které soucasné splfiuji poZzadavek minimalni rozlohy.
Vzdalenost k lesu je vypocétena pomoci modifikované metody vzdalenosti k pfirodé (D2N) pro vSechny
lokality v CR, popsané plochou 10x10 m. Pfima vzdalenost je vypodtena pomoci metody euklidovské
vzdalenosti bez bariér a tfeni je dano funkci pfirozenosti protinajicich se stanovist.
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