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onepaduii Ta BNNMB @i3nKo-reorpadiyHMx XapakTepucTMK MICLEBOCTI Ha opraHisauito Ta npoBefeHHs
MUPOTBOPYOT AIANBHOCTI BINCLKOBMMU Nigpo3ainamu.

Knoyosi crioga: reorpadivHi yMOBKU, eneMeHTU MiCLEeBOCTi, MMPOTBOpYA AisNbHICTb, MUPOTBOPUI
niapo3ainu, onepaTMBHO-TaKTUYHI BAaCTUBOCTI, (PidnKo-reorpadpivHi xapakrepucTuku.

Bortnyk T. Yu., Olkhovaia J. The impact of physical and geographical characteristics of the
area and its peculiarities on peacekeeping missions. This article details some of the basic elements
to characterize geographical area and describes the nature of tactical peculiarities it offers. This article
determines the dependence of peacekeeping missions on natural conditions of the area as well as the
impact of physical and geographical characteristics of the area on the organization and support of
peacekeepers.

Keywords: geographical conditions, elements of the terrain, peacemaking, peacekeeping troops,
tactical and operational characteristics, geographical characteristics.
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Forests are substantial
elements in the landscapes of mountain
areas, enhancing the view and terrain
attractiveness. Particular role is played by the
forests of high stability in the landscape.
Landscape stability according to Richling and
Solon (2011) describes its durability in the
current state, therefore its resistance to inner
and outer changes and ability to return to its
initial state. Forest landscape stability can be
analyzed using comparative cartography
methodology. Starting point to delimit stable
forest landscape areas is multi-temporal forest
cover analysis, covering a large period of
time, often being extended through hundreds
of years. Recognition of spatial distribution of
these stable areas is also essential in the
analysis of durable habitats and ecological
corridors (Gerlée 2011).

In recent years we could observe
increased interest of European scientists in
the analysis of land use/land cover changes,
in particular in forest areas, considering big
dynamics  occurring in the natural
environment. This problem in different spatial
and temporal horizons has found its reflection

Introduction.

in numerous publications describing many
regions of Europe including Germany (Wulf et
al. 2010), Italy (Di Fazio et al. 2011, Puddu et
al. 2012) and Czech Republic (Skalos et al.
2012). In Poland it has been also a subject of
many publications (Kozak 2005,
Markuszewska 2005; Kozak et al. 2007a,b,
2008, Gietkowski 2009, Kozak 2010, Macias
and Dryjer 2010; Szymura et al. 2010;
Gielarek et al. 2011; Kunz 2012, Macias and
Szymczak 2012).

Intense development of forest cover
change analysis is a result of introducing GIS
technology. It enables efficient and precise
guantitative analyses of those changes in
spatial divisions of different character
(administrative, physico-geographical,
hydrological et al.) and size, using various
source materials of forest cover data. In
these works archival cartographic materials
play important role. They are often the only
source of forest cover distribution data in past
centuries and because of that they are still
used by many authors (i.al. Wiecko 1986;
Kienast 1993; Petit and Lambin 2002; Kozak
2003). Except for archival cartographic
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materials, in forest cover change analysis also
aerial and satellite imagery (m.in. Kuemmerle
et al. 2007; Kozak et al. 2007a; Huang et al.
2008; Potapov et al. 2011; Baumann et al.
2012; Townshend et al. 2012; Griffiths et al.
2014) and dedicated databases, i.e. CORINE
Land Cover are used (Heymann et al. 1994;
Sifakis et al. 2004; Ciotkosz and Bielecka
2005; Bielecka et al. 2007; Traustason and
Snorrason 2008; Pekkarinen et al. 2009;
Ciotkosz et al. 2011, Trombik and Hlasny
2013).

Forests in the Holy Cross Mountains have
been an object of interest described by many
investigators already in the 19" century
(Baranski 1972). A review of available
publications concerning spatial forest cover
changes from the last 200 years was
presented by Szymanski (1979, 1993). This
author points out big changes of forest cover
in the region, caused by historical, economic,
political and environmental factors. Despite
many publications, an analysis concerning
forest cover changes in the Holly Cross
Mountains in addition to the landscape and its
spatial and temporal stability has not still been
made.

The aim of this work is to designate forest
landscape spatial stability in the Holly Cross
Mountains in the last 200 years, using multi-
temporal analysis of forest cover changes.
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Study area. The Holy Cross Mountains
are, from the geological point of view, ones of
the oldest mountains in Europe. According to
Kondracki (2011), they create delineated
physico-geographical mesoregion covering
the area of 1825 km?, being a part of the
Polish Uplands (Figure 1). This region is
characterized by almost parallel course of
mountain ranges (Lysogory, Jelenidw,
Mastéw, Klonéw, Zgorsko, Postowice,
Wygietzéw, Orfowiny) with general directions
WNW-ESE, directly referring to lithology and
tectonics of the Paleozoic foundation of the
region. Between these mountain ranges
wide, flat-bottomed valleys are situated
which, although traditionally called “valleys”,
in fact have tectonic origin (Kielce-tagow,
Wilkéw, Debno). Described mountains are
relatively small. Ground absolute elevations
reaches from 175 to 612 m a.s.l., while local
terrain slopes rarely exceed 20°. Geology of
the region is very diverse, being a mosaic of
different types of rocks and periods of their
creation. According to the soil parent
material, rocky and skeletal soils are most
common in the highest elevations. In lower
parts of the area, there are fertile soils formed
on loess, clays and fluvial dust, while river
valleys feature soils formed on boggy and
alluvial deposits.

10 0 10 20 km

Figure 1 — Location and hypsometry of the Holy Cross Mountains mesoregion
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Today the upper parts of the Holy Cross
Mountains (above 350 m a.s.l. on northern
slopes and 450 m on southern slopes) are
covered by fir and beech mountain forests.
Lower elevations are covered by pine and oak-
hornbeam forests and in river valleys there are
riparian forests. Continuous forest cover
present on high elevations is the remnant of
the old Holy Cross Forest (in Polish called
Puszcza Swietokrzyska).

Intensive human impact on the Holy Cross
forests dates back to the Roman Empire
period. Here ancient mining and metallurgy
were developing where wood was the only fuel
to support technological processes (Bielenin
1992). In the early Middle Ages stable human
settlements and agriculture came to the region,
causing further deforestation on fertile and
most accessible grounds in river valleys and on
slopes covered with loess. Forest species
composition was greatly influenced by glass
production from 16™ to 18" century, which
consumed very big amount of beech wood. It
has changed the natural tree species
composition and nowadays we observe bigger
contribution of fir over beech trees in existing
tree stands (Zabko-Potopowicz 1954).

The analyzed area climatically differs from
surroundings. In the topmost parts of mountain
ranges, mean annual precipitation total
exceeds 820 mm, while mean annual air
temperature reaches 5,7°C. Annual
precipitation totals are up to 200 mm higher
than in surrounding valleys and air temperature
is 1,5°C lower.

Materials and methods. The source
materials used in the research consisted of
high resolution scanned maps, both new and
archived: (1) Map of Western Galicia by Col.
Mayer von Heldensfeld in the scale of 1:28 000
(16 sheets published in the period 1801-1804),
(2) Karte Des Westlichen Russlands in the
scale of 1:100 000 (9 sheets published in 1914
and 1915), (3) Tactical Map of Poland
published by Poland’s Military Geographic
Institute in the scale of 1:100 000 (9 sheets
published in 1931 and 1934), (4) General Staff
Map published by the Polish Army in the scale
of 1:50 000 (14 sheets published in the period
1985-1988), Environmental Protection Map in
the scale of 1:50 000 (14 sheets from 2011-
2012). The analyzed time span in this study is
conditioned upon available source materials.
According to assumed maps field accuracy
forest cover was analyzed in the following

years: 1800, 1900, 1930, 1983, 2011 and
four time periods between them.

Research task was performed using
QGIS and SAGA GIS software, employing
comparative cartography methodology -
retrogression and elimination, both coming
within the reach of cartographic research
method (Stevens and Tree 1951; Wilson
2005; Podobnikar 2010). Furthermore, the
use of GIS techniques enabled to create
forest cover stability map for the whole
analyzed time period.

Results. The performed analysis has
shown that the forest cover area was the
largest at the beginning of the analyzed time
period — about the year 1800 and was of
772,5 km?, which constitutes 42,3 % of the
total analyzed area (Table 1, Figure 2).

Until 1900, the forest cover decreased to
510,8 km?. Deforestation in the period 1800-
1900 reached 41,5% of total forest area
recorded in the year 1800 and afforestation
was minimal — 7,6%. In 1930, forests
covered only 499,7 km?, while the areas of
afforestation and deforestation between
1900 and 1930 were almost identical (Table
1). Therefore between 1800 and1930 the
forest cover in the Holy Cross Mountains
area was reduced by 35,3%.

The main reason of the 19" century
deforestation in the Holy Cross Mountains
was human activity. Lack of arable land, lack
of forest supervision, poor legislation and
ongoing industrialization were the main
reasons of this process. Furthermore, the
forests situated near human settlements
were used as a source of fuel. All these
reasons caused numerous and sometimes
significant changes in the Mountains forest
ecosystems, modifying their  original
character and leading to noticeable
devastation of forest stands and decrease of
their natural strength and vitality (Szymanski
1993).

Since 1930 we could observe noticeable
but slow forest recovery. This process is still
ongoing, thus until 1983 the analyzed forest
cover area increased to 554,7 km? (30,4% of
the Holy Cross Mountains area), wherein
afforestation covered 87,2 km? and
deforestation 27,7 km?. Accordingly, in 2011
forests covered 619,2 km? (33,9%) in
comparison to contemporary Poland’s
woodiness — 29,3% which is also increasing
(Forestry 2013). In the years 1930-2011, the
forest cover area enlarged by 119,5 km?
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where afforestation was 163,9 km? and
deforestation 44,4 km?. In recent years we
notice slow but clear process of tree
succession in direct vicinity to larger forest
stands. Despite ongoing afforestation, the
forest cover in the Holy Cross Mountains has
not yet reached its dimension from the
beginning of 19" century.

Gathered cartographic materials allowed to
perform particularly valuable analysis of forest
landscape stability within more than 200 years.
To achieve this, a raster with 100 m resolution
was created, in which cell values indicate the

number of maps with forest cover present in
their spatial reach. As a result, there was a
map created, with 5 classes of forest cover
stability index (SI) which corresponds to a
number of maps with forest

cover present in the areas of one hectare
respectively. For example, if in the reach of
one particular raster cell, forest was present
on one map only, value of the Sl index will
be very low (SI = 1), but if forest was present
on all maps, the Sl index value will be very
high (SI = 5), indicating very high forest

cover stability in this area (Figure 3).
i N2
10 0 10 20 30 40km

1900 - 1930

1930 - 1983

1983 - 2011

Figure 2 — Forest cover in 1800-2011 and its changes.
1 — forest cover; 2 — afforestation; 3 — deforestation
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Table 1 — Aerial forest cover changes in the Holy Cross Mts. between 1800-2011

Year
Feature
1800 1900 1930 1983 2011
Forest cover - % 42,3 28,0 27,4 30,4 33,9
Forest area - km?2 772,5 510,8 4997 554,7 619,2
Period
1800-1900 1900-1930 | 1930-1983 | 1983-2011
deforestation 320,4 (41,5) 73,2 (14,3)| 27,7 (5,5) | 16,7 (3,0)
change - kmZ2 (%) )
afforestation 58,7 (7,6) 62,1 (12,2) | 82,7 (16,5) | 81,2 (14,7)

Stability Index (SI)

- 1
2
3
4 10 0

- S5

Figure 3 — Forest landscape stability in the Holy Cross Mountains (on the basis of the
cartographic data from 1800, 1900, 1930, 1983 and 2011).
Stability Index: 1 — very low; 2 — low; 3 — moderate; 4 — high; 5 — very high

The analysis has shown that the most
stable forest areas, defined as those that exist
continuously since 1800, create a number of
dense forest complexes that spatially
correspond to the course of mountain ranges
in the region. Their total area is of 382,6 km?,
which is 21 % of the total region area and
49% of the area covered by trees in time of
the maximum forest cover reach in the
analyzed period — at the beginning of the 19"
century. Permanently forested are tops and
upper parts of slopes of the highest mountain
ranges: tysogodrskie, Jeleniowskie,
Mastowskie and Klonowskie. Also very high
stability (SI = 5) is observed in a number of
lower but still distinguishing mountain ranges:
Ortowinskie, Iwaniskie, Zgorskie, Postowickie,
Sieradowickie.

As the distance from the stable areas
increases, forest cover stability lowers.
Forests with very low stability (SI = 1) were
documented on foothills of mountain ranges,

in Kielce-tagow and Wilkowska tectonic
valleys and in larger river valleys. Their total
area is of 269,5 km?, which is 14,8% of the
total Holy Cross Mountains area. These
areas are situated near the villages where the
19" century need of land caused afforestation
for agricultural, housing and energy-related
purposes, and are still used in agriculture.
Numerous land use changes took place,
often in direct vicinity of the packed and most
stable forest areas. Low stability of these
areas is often a result of contemporary
afforestation on hitherto agricultural used
land, abandoned due to its low profitability.
These areas are relatively small and
unevenly distributed.

Figure 4 presents an image of forest
landscape stability relations in the Holy Cross
Mountains in three different categories —
areas always covered by forests, periodically
covered by forest and never covered by
forest. Areas always covered by forest refer
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to the areas of very high forest cover stability
(SI=5).

Significant area of the Holy Cross
Mountains (28,9% of its total area) was
periodically covered by forest in the analyzed
200-year period. This indicates numerous land
use changes which varied spatially. The
biggest areas periodically covered by forest
are situated on soils formed on clays and
loess in lower parts of slopes of the highest
mountain ranges, tops of the lower mountain
ranges (Wygietzowskie) and at the bottom of
Kielce-tagébw valley. These areas are
moderately good for agricultural purposes. Big
continuous areas never covered by forest in

the analyzed period are Debno, Wilkéw and
Bodzentyn valleys situated in the northern
part of the Holy Cross Mountains. These
areas feature the most fertile soils formed on
loess and because of that they are invariably
used for agricultural purposes from hundreds
of years. Other areas where the forest cover
has not been documented are situated in the
axis of Kielce-tagéw valley and in the
southern part of the region — in river valleys
near human settlements. The total of the area
never covered by forest in the Holy Cross
Mountains in the analyzed time period is
50,1% of the regions area.

3

Figure 4 — Forests in the landscape of Holly Cross Mountains from the beginning of
the 19" century. Areas: 1 - always covered by forest; 2 — periodically covered by forest;
3 — never covered by forest

Summary and conclusions. In the
analyzed time period, the forest cover always
played a major role in the landscape
composition of the Holy Cross Mountains.
From its largest coverage in 1800 (772,5 km?,
42,3%), through the minimum in 1930 (499,7
km?, 27,4%) till today (619,2 km?, 33,9% in
2011), it endures invariably in a large part of
the region. The area of the highest forest
landscape stability, where the presence of
forest was documented on every analyzed
map (S| = 5), covers 21,0% of the Holy Cross
Mountains. Half of the area of the region has
never been covered by forest (50,1%) and
28,9 % of it was periodically covered by forest
(SI = 1, 2, 3, 4). Forests in the Holy Cross
Mountains are natural landscape dominants,
covering mostly mountain ranges and hilltops
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which are obviously clearly visible from large
distances. Stable forests cover areas
characterized by low agricultural suitability
resulting from existing natural conditions such
as orographic and pedological determinants.
On the other hand, stable forest areas in the
analyzed region rarely cover valley bottoms
which are agriculturally used from centuries.

Stable forests with the most valuable
ecosystems in the region have been taken
under the highest protection of law in the
form of the National Park and of landscape
parks (Ciupa et al., 2015). Here the oldest fir,
beech and oak tree stands have more than
220 years. Over 100 years old trees cover
36% of the total forested area in the Holy
Cross National Park.
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Urona T., Cyniroecki P., Banek . CtabinbHicTb nicoBux naHpawadTis y CBEHTOKLWMCBLKNX
ropax (Monbwa) 3a octaHHi 200 pokiB. JlicOBU NOKPUB € BaXKIIMBOIO YACTUHOO MPCbKOro naHawagTty
y LleHTpaneHii €Bponi. Xoya 6araTto ripCbkux XpebTiB € BigHOCHO HEBENMKUMU i OOCTYMHUMMW, OEsKi
niCoBi QiNAHKM iICHYIOTb CTOpPIYYAMK, Byaydn cTabinbHOK YacTMHOKW NnaHawadTy, To4i SK iHWi KaTeropil
3EeMIIEKOPUCTYBAHHA — 3a3HalTb 3MiH. Y poBOTi po3rnsHyTi NuUTaHHA npo CcTabinbHICTL NiCoBMX
naHawadTie 'y CBEHTOKWUCHKMX ropax - isnko-reorpadiyHOMY ME30pErioHi, po3TalloBaHOMY B
ueHTpanbHin YactuHi MNonbui. MNMpoaHanizoBaHo YacoBui iHTepBan Big noyatky XIX cronitta go 2011 p.
AHani3 r'pyHTYeTbCA Ha OCHOBI MOPIBHAMBHOrO MeToAy B KapTorpadii 3 BukopuctaHHam [IC 3a
[OMNOMOrO0 YOTMPBOX apXiBHUX i CydacHOI KapT, siKi XapakTepuayroTb flicoBuit nokpus y 1800, 1900, 1930,
1983 i 2011 pp. NpeacTtasBneHi 3MiHM B NICOBOMY MOKPMBI 3a KOXHWUIA NpoaHarnizoBaHuin Nepiod 3 aHaniaom
cTabinbHocTi nicoBux nanawadTie. Hanbinbwwnin nicosun macme 0yB 3acdpikcoBaHum y 1800 p. (772,5
km2). Ha cborogHi nicosi nnouii oxonntotoTe 21% 3aranbHoi nnouli periony, i 49% nnotui, Nokputoi
nepesamu y 1800 poui, B ToW Yac, SK AingHKW, nepiognyHo BKpuTi nicom npotarom 200 pokiB — 28,9%.

Knoywoei cnoea: nicoBuin naHawadT, cTabinbHicTb naHgwadTy, 3MiHM NICOBOro MOKPUBY,
CeHTOKWMCHKi Mopu.

Ciupa T., Suligowski R., Walek G. Forest landscape stability in the Holy Cross Mountains
(Poland) in the last 200 years. Forest cover is an important part of mountain landscape in central
Europe. Even though many mountain ranges are relatively small and sufficiently well accessible, some
parts of forests endure through centuries, being a stable part of the landscape while other land use
categories change. In the present work we discuss the matter of forest landscape stability in the Holy
Cross Mountains - a physico-geograraphical mesoregion situated in central Poland. The analyzed time
span reaches from the beginning of the 19" century to the year 2011. The analysis is based on the
comparative cartography methodology in GIS using four archival and one new, contemporary map
showing forest cover in 1800, 1900, 1930, 1983 and 2011. We present changes in the forest cover in
each analyzed time period followed by the forest landscape stability analysis. The largest forest area was
recorded in 1800 (772,5 km?). Today stable forest area covers 21 % of the total area of the region and
49% of the area covered by trees in 1800, while the area periodically covered by the forest within the
analyzed 200 years is 28,9%.

Keywords: forest landscape, landscape stability, forest cover changes, Holy Cross Mountains.

Urona T., Cynukoeckuli I"., Banek Nk. CTabuNbHOCTb NecHbIX NaHawadToB B CBEHTOKLWMNCKUX
ropax (Monbwa) 3a nocnegHme 200 neT. JIecHOW MOKPOB SABNSETCA BaXHOW YaCTbi0 TOPHOro
naHpwadTta B LleHTpansHon EBpone. XoTss MHOrMe ropHble XpebTbl SIBNSATCA OTHOCUTENBHO
HebOomnMbWUMN U  [OCTYMHLIMW, HEKOTOpble JleCHble YYacTKM CYLLECTBYKT cTonetusamu, Oyayyu
cTabunbHOM YacTblo NaHpwadTa, Torga Kak apyrne KaTteropum 3emrnenosnib3oBaHus — M3MeHeH4uBbl. B
paboTe pacCMOTpPEHbI BONPOCHI CTaOMIMbHOCTM NecHbIX NaHawadToB B CBEHTOKLWNCKMX ropax - (U3nko-
reorpacoM4eckomMm Me30pernoHe, pacrnosioXeHHOM B LeHTpanbHoW 4Yactu Monbwwu. [NpoaHannavMpoBaH
BpeMeHHOM MHTepBan oT Havana XIX seka no 2011 r. AHann3 oCHOBLIBAETCS Ha CPpaBHUTENbHOM MeToAa
B kapTorpacpmm ¢ wucnonb3oBaHvem [MIC ¢ nomoLbl0 YeTbipex apxvMBHbIX W COBPEMEHHOW KapT,
xapaktepusyrowmx necHon nokpos B 1800, 1900, 1930, 1983 n 2011 rr. NpeacrtasneHbl U3MEHEHNS B
NIeCHOM TMOKPOBE 3a KaXAbll Mepuon C aHanM3oM CTabunbHOCTU NecHbIX naHgwadToB. Hambonbwuni
necHou maccus 6bin 3agukcupoaH B 1800 r. (772,5 km?). Ha cerogHsi necHble nnowaan oxsaTbiBaloT
21% obwen nnowann pernonHa, n 49% nnowagu, nokpbiton aepesbsamn B 1800 roagy, B TO BpeMs, Kak
yyacTKu1, Nepuoanyecky NokpbiTblie necom B TedeHme 200 neT, coctaBnsaoT 28,9%.

Knoueebie crnioga: necHon naHAawadT, cTabunbHOCTb NaHawadTa, M3MEHEHUS JIECHOro MOKpPOoBa,
CeeHTOKLLIMCKME [Opbl.
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