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Abstract

Because forest cover changes directly affect the sustainability of the forest value, they should be observed
carefully. This study analyzed the spatial and temporal pattern of land use/land cover change (LULCC) along
with the effects of some socio-economic factors such as forest crime rates, rural population change, and annual
gross national product (GNP) on spatiotemporal change of forest dynamics between 1970 and 2015 in the Olur
forest planning unit using ArcGIS software and Patch Analyst extension.The results showed that high forest
areas increased by 47.14% between 1970 and 2015. Coppice stands completely transitioned to other cover types
in 2015 due to the changing of management policy in the case study area. Based on landscape pattern, the total
number of patches (NP) increased by 50.07%, and mean patch size (MPS) decreased by 31.88% during the
period. Results indicated that the forest ecosystem became more sensitive as it turned into a more spatially
fragmented structure, making continued efforts to maintain biodiversity and insure sustainability a challenge.
Depending on the decrease in the rural population and economic growth, there was a serious decrease in forest
crime rates. This study has shown that socio-economic factors can be effective on landscape dynamics besides
management activities.

Keywords: Forest management, land use/land cover change, forest dynamics, landscape metrics, socio-
economic factors.

Olur Planlama Biriminde (Tiirkiye) Arazi Ortiisiiniin Bazi Sosyo-
Ekonomik Faktorlerle Birlikte Konumsal-Zamansal Dinamiklerinin

Belirlenmesi

Oz

Orman ortiistinde meydana gelen degisimler orman fonksiyonlarmin siirdiiriilebilirligi tizerinde dogrudan etkili
oldugu icin dikkatli bir bicimde g6zlemlenmelidir. Bu ¢alismada, Olur Orman Isletme Sefligi’nde 1970-2015
yillar1 arasinda arazi kullanim/arazi értistinde meydana gelen zamansal ve konumsal degisimler; ArcGIS yazilim
ve Patch Analizi eklentisi kullanilarak ve orman sug oranlari, kirsal niifus degisimi ve gayri safi milli hasila
degerleri gibi bazi sosyo-ekonomik faktorler dikkate alinarak analiz edilmistir. Sonuglar, koru ormanlarinda
1970-2015 yillar1 arasinda %47.14’lUk bir artis oldugunu ve uygulanan yonetim politikasindaki degisikligin
etkisiyle baltalik alanlarin 2015 yil1 itibariyle alanda bulunmadigi belirlenmistir. Patch analizi sonuglarma gore
ise toplam parca sayis1 %50.07 oraninda artarken ortalama parga biiyiikligii de %31.88 oraninda azalmistir. Bu
sonuglar, orman ekosisteminin konumsal olarak pargalanmis bir yapiya doniistiigii icin daha hassas hale geldigini
ve biyolojik ¢esitliligi korumak ve siirdiirtilebilirligi saglamak igin siirekli ¢aba sarf edilmesi gerektigini
gostermistir. Kirsal niifusun azalmasina ve ekonomik biiyiimeye bagli olarak orman sug¢ oranlarinda ciddi bir

diistis yasanmustir. Bu ¢alisma amenajman aktivitelerinin yam sira sosyo-ekonomik faktorlerin de orman
dinamikleri tizerinde etkili olabilecegini gdstermistir.

Anahtar Kelimeler: Orman amenajmani, arazi kullanim/arazi 6rtiisii degisimi, orman dinamigi, landscape
olgutleri, sosyo-ekonomik faktorler.
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1. Introduction

Forest ecosystems are essential to provide timber production, water supply, wildlife habitat, biodiversity, soil
protection, carbon emission, nutrient cycling, and non-wood forest products. Approximately 2.4 billion people
benefit from wood to supply basic energy needs. In terms of forested watersheds, 75% of the world’s accessible
freshwater needs were supplied (FAO 2015). However, in recent years, natural or human-induced disturbances
such as land use/land cover changes (LULCC) and pressures have threatened forest ecosystem productivity and
health on the local and global scales through losses of soil and productive lands, diminishing water quality, habitat
loss, biodiversity disruption, and climate change (Houghton 1994; Turner et al. 1995; Kilic et al. 2004; Chen et al.
2001; Wang et al. 2006).

LULCC is generally considered to have an important role in ecosystem dynamics (Forman and Godron 1986;
Turner 1989; Turner and Gardner 1991; Turner et al. 1991; Naveh and Lieberman 1994; Forman 1995; Cernusca
et al. 1999; Olsen et al. 2007; DiBari 2007), referring to a temporal and spatial change in forest functions and
structure such as size, shape, composition, and arrangement (Baskent and Jordan 1995). Therefore, a better
understanding of spatial and temporal changes in forest ecosystem structure, function, and dynamics is extremely
important for the sound decision-making of forest managers for sustainable management of forest ecosystems
(Turner et al. 2001).

Spatial and temporal changes in forest ecosystems are strongly affected by the combination of human-induced
activities such as illegal tree cutting, overgrazing, and increasing land demand for agriculture (Hietala-Koivu 1999;
Mander et al. 1999; Cayuela et al. 2006), the growth rate of population (Wear et al. 1996), socio-economic factors
(Zhao et al. 2003), lack of awareness of forest ecological services, expansion of the forests by afforestation or
reforestation (Nagashima et al. 2002), and migration from rural areas to urban areas (Doygun and Alphan 2006;
Shalaby et al. 2004; Shalaby and Tateishi 2007). However, fewer changes are obtained as a result of natural
disturbances such as insects, wildfire, and climate change.

Urbanization is one of the major driving forces to contribute to LULCC and has rapidly increased all over the
world (Grimm et al. 2008) As long as the population density around the world increases and the vast majority of
the population moves from rural areas to urban areas, the impacts of rapid urbanization will lead to extensive
LULCC in particular (Wu et al. 2011).

The socio-economic conditions such as the increase in the human population, urban expansions, economic
development, and rise in resource utilization and ecological environment are mainly related to LULCC (Holdgate
1993; Wu et al. 2011). Socio-economic factors such as population dynamics and gross domestic product (GNP)
affect forest ecosystems in two ways. On one hand, with rapid urbanization and economic growth, populations
migrate from the rural areas to urban areas, and the conflict on land use increases (Xie et al. 2016). To meet the
food demand based on the increase in the human population, large amounts of forest lands are converted into
agricultural lands. Besides, the expansion of urban areas and economic growth force a large number of agricultural
lands to be transformed into residential areas (Wu et al. 2011). On the other hand, with increased economic level,
rural areas are used for recreation purposes that affect ecological lands (Xie et al. 2016).

Forest management policies and interventions such as afforestation, forest conservation, and rehabilitation
activities have a great potential to affect land use and cover dynamics (Sivrikaya et al. 2007; Bozali et al. 2015).
For these purposes, the Forest Rehabilitation Action Plans (GDF, 2006a), the Forest Conversion Action Plan (GDF,
2006b), and National Afforestation and Erosion Control Action Plan (GDF, 2008) led to a significant increase in
forested areas.

There has been ecosystem degradation, forest loss, and habitat fragmentation negatively affecting ecosystems all
over the world (Laurance 1999; Noss 2001; Armenteras et al. 2003). Habitat fragmentation and forest loss are
landscape changes in areas with high human pressure and among the principal causes of biodiversity loss in the
world (Chaves and Arango 1998). Fragmentation can have negative effects on biodiversity by increasing the
isolation of habitats (Debinski and Holt 2000) and by reducing species richness (Gigord et al. 1999). Deforestation
is one of the main reasons for habitat fragmentation, and if the number of patches (NP) increases and patch sizes
become very small, it will cause the increase of edge effects and human pressure (Watson et al. 2001; Beier et al.
2002). Empirical studies about rapid human-driven transitions of forest cover figured out that habitat fragmentation
can affect flora (Halpen and Spies 1995) and fauna communities (Lomolino and Perault 2000), even causing an
increased potential of extinction of species (Loehle and Li 1996) when forest patches are either too small or too
degraded (Turner 1996; Renjifo 1999). Spatiotemporal changes on land use or land cover affect communities
through modifying interspecific interaction and nutrient flows, changing social relationships, worsening edge
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effects, increasing habitat isolation, and even genetic composition of local populations (Debinski 2000; Watson et
al. 2004). As a consequence, it is important to study and document historical dynamics in the structure or
composition of forest ecosystems for the understanding of relationships between landscape patterns and ecological
processes (Gunlu et al. 2009).

Over the decades, many studies have focused on analyzing spatial and temporal changes of forest ecosystems in
terms of different indicators due to the increasing scientific importance of LULCC on global scales (Chen et al.
2001). In this context, some technologies such as remote sensing (RS) and Geographical Information Systems
(GIS) and several spatial statistics software such as FRAGSTATS or GIS-linked patch analysis have been used to
explain the quantitative evaluation of forest dynamics (Armenteras et al. 2006; Sivrikaya et al. 2007; Akay et al.
2014). Empirical studies about rapid human-driven transitions of forest cover figured out that habitat fragmentation
can affect flora (Halpen and Spies 1995) and fauna communities (Lomolino and Perault 2000), even causing an
increased potential of extinction of species (Loehle and Li 1996). There are many studies about the impacts of
forest conversion and degradation on biodiversity, forest loss and fragmentation, changes in spatial landscape
characteristics, and deforestation (Spies et al. 1994; Turner and Corlett 1996; Luque 2000; Imbernon and
Branthomme 2001; Steininger et al. 2001; Sader et al. 2001; Garcia-Gigorro and Saura 2005; Kupfer 2006;
Echeverria et al. 2006; Gibson et al. 2011).

Most of the previous studies have mainly concentrated on land use dynamics and landscape change patterns by
using classified satellite images and GIS (Chen et al. 2001; Gautam et al. 2003; Wakeel et al. 2005; Mumcu-
Kucuker et al. 2008; Cakir et al. 2015; Keles et al. 2016, Gol et al. 2018, Zengin and Degermenci 2018, Kaptan
and Durkaya 2019). Besides, considerable attention has been given to the analysis of spatiotemporal changes in
forest ecosystems through GIS or RS technologies (Keles et al. 2008; Cakir et al. 2008a; Sivrikaya et al. 2011;
Mumcu-Kucuker and Baskent 2017, Kaptan, 2021 and Bozali, 2021). Until now, there has been little investigation
into the effects of rural population change on spatial and temporal changes of forest structure; however, no study
has yet attempted to determine the effects of forest crime rates, rural population change, and annual gross national
product (GNP).

The overall objective of this study is to analyze the impacts of forest crime rates, rural population change, and
annual GNP on spatial and temporal changes of forest ecosystems in the east part of Turkey over about 45 years.
In this context, the investigation focuses primarily on temporal changes in the Olur forest planning unit between
1970 and 2015 based on land use/land cover classes, canopy cover, and development stage. In addition to that,
spatial analyses of changes in forest structure were evaluated separately using Patch Analyst tools of Arc/GIS in
terms of forest stand cover type maps from forest management plans.

2. Material and Methods
2.1 Study area

The Olur forest planning unit is located in the Erzurum province of eastern Turkey (Figure 1) and covers a total
area of 80,861.51 ha. About 35.5% is forested area and consists mainly of the tree species Scots pine (Pinus
sylvestris) and Juniper (Juniperus sp.). The altitude ranges from 720 to 2950 m asl. According to the long-term
measurement from 1970 to 2005, the annual mean temperature of the planning unit is 9.8 °C, and the mean annual
total precipitation is 393.3 mm (TSMS, 2016). Modern farming cannot be done because there is not enough
agricultural land and not suitable climate conditions for agriculture (GDF, 2015). Therefore, migration from the
study area to big cities inetitable for the people (TUIK 2020a) The area has a rich plant diversity due to its location
within the boundaries of the Irano-Turanian and Euro-Siberian flora regions. In the study area, 241 vascular plant
taxa belonging to 66 families and 170 species which have medicinal and aromatic uses were determined (Onal
2012). In addition to different endemic species, the area includes some plant species on the IUCN Red List:
Astragalus nigrocalycinus (CR-Critically Endangered), Psephellus taochius (EN-Endangered), and Delphinium
munzianum (CR) (Eken et al. 2006). Also, many bird, fish, and mammal species are found in the planning unit
(GDF, 2015).
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Figure 1. The location of the Olur forest planning unit.

2.2 Database development

To determine spatial and temporal changes of the Olur forest planning unit, forest cover type maps from 1970,
1998, and 2015 derived from the combination of RS data and field surveys were used. While the forest cover type
map from 1970 was manually digitized creating a spatial database using Arc/Info 10™ with a maximum root mean
square error under 5 meters, the digitized maps from 1998 and 2015 were obtained from the General Directorate
of Forestry (GDF). After intersecting each database using the overlay function of Arc/Info, transition tables were
created for the periods of 1970-1998 and 1970-2015 separately. Also, spatial configuration for selected landscape
metrics was determined through Patch Analysis 5.0 between 1970-2015 for land use/cover classes. GNP and
population information were obtained from the Turkish Statistical Institute (TUIK), and forest crime records were
taken from the Olur Forest Enterprise (TUIK 2020a, b). Annual deforestation rates were calculated using the
following compound-interest-rate formula due to its explicit biological meaning (Puyravaud, 2003):

100 A,
In—

P =
tZ_tl Al

where P is the annual percentage of forest loss, and A; and A, are the numbers of forested areas at time t; and to,
respectively.
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3. Results
3.1 Temporal changes in land cover/land use cover classes

Temporal changes in land use/land cover from 1970 to 2015 were determined based on the digitized forest cover
type maps from forest management plans (Table 1). The total forest cover land increased from 19,382.7 ha in 1970
to 28,685.5 ha in 2015 with a net increase of 48.0%. However, non-forest areas with forest openings decreased
from 61,359.6 ha (76.0%) in 1970 to 52,176.0 ha (64.53%) in 2015, accounting for 9183.6 ha (15.0%). Over 45
years, the average annual forestation rate was 0.86%, which accounted for 203.1 ha yr. There was a net increase
in pure forest areas by about 19.3%, 13.8% and 35.8% during 1970-1998, 1998-2015, and 1970-2015, respectively.
While degraded, non-forest, and mixed areas increased by about 120.6%, 46.1%, and 100%, respectively, coppice
and forest openings decreased by about 100% and 21.2%, respectively from 1970 to 2015.

Table 1. Changes in area (ha) of land cover/land use classes based on forest cover type maps

Land cover/land use Years Differences (+/-)
cover classes 1970 1998 2015 1970-1998 1970-2015
Area Area Area % %
(ha) (ha) (ha)
Pure forest 5,338.67 6,370.47 7,251.03 19.33 35.82
Mixed forest - - 165.53 - 100
Coppice forest 4,403.61 3,825.46 - -13.13 100
Degraded forest 9,640.39 7,693.66 21,268.91 20.19 120.62
Forest openings 55,667.04 25,908.50 43,857.25 -53.45 21.21
Non-forest 5,692.58 37,028.20 8,318.79 550.46 46.13
Total area 80,742.29 80,826.28 80,861.51

The transitions among land cover types from 1970 to 1998 and 2015 were obtained based on forest management
plans to analyze changes in forest structure (Table 2, Table 3). The results showed that while 3,318.45 (62.16%)
ha of the pure forest areas remained unchanged, 2,020.21 ha of the pure forest changed into the coppice, degraded,
forest openings, and non-forest areas accounting for 3.13%, 9.05%, 11.92%, and 13.74%, respectively in 1998
(Table 2). Also, pure areas that converted to degraded, forest openings, and mixed forest areas accounted for
19.16%, 14.53%, and 0.3%, respectively in 2015 (Table 3). While the coppice areas that changed into pure forest,
degraded, forest openings, and non-forest areas accounted for 13.65%, 24.33%, 28.45%, and 9.25%, respectively
in 1998, these areas completely changed into non-forest areas (85.75 ha), degraded (3,442.30 ha), forest openings
(578.3 ha), and pure forest (278.5 ha) with a percentage of 1.96%, 78.5%, 13.19%, and 6.36%, respectively in
2015. Degraded areas contributed to high and productive forest lands by about 12.96% and 16.84% in 1998 and
2015, respectively, whereas 12.88% (1,240.89 ha) and 1.66% (159.82 ha) of these areas turned into non-forest
areas in 1998 and 2015, respectively.

Table 2. Changes in area (ha) of land cover/land use classes between 1970-1998.

Land cover  Land cover classes (1998)
classes

(1970) Pure Coppice  Degraded Forest Non-forest Agriculture Total
forest forest forest openings

Pure forest  3,318.45 167.13 483.10 636.52 423.34 310.13 5,338.67

Coppice 598.38 1,066.53 1,067.10 1,247.46 245.97 159.86 4,385.30

forest

Degraded 1,249.36 1,471.63 3,900.58 1,775.40 743.60 497.29 9,637.86

forest

Forest 938.21 1,005.64 1,978.50 20,460.51  20,050.40  10,869.80 55,303.05

openings

Non-forest  165.90 79.96 141.59 1,459.55 1,232.24 304.12 3,383.35

Agriculture  49.11 33.98 66.67 266.01 585.75 1,280.47 2,281.99

Total 6,319.40 3,824.86 7,637.54 25,845.45  23,281.30  13,421.67 80,330.22
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There was a remarkable gain from the non-forest area in 1970 to forested areas in 1998 and 2015. The conversion
of non-forest areas to degraded, high, and productive forest and coppice areas was about 4.18%, 4.9%, and 2.36%
in 1998 and 47.50%, 4.80%, and 0% in 2015, respectively (Table 2, Table 3). Besides, agricultural areas converted
to forested areas by about 6.56% and 18.29%, respectively in 1998 and 2015 due to the abandonment of these
areas. As such, a significant increase in forest areas can be associated with rehabilitation activities in degraded
areas, afforestation activities in forest opening areas, and regeneration activities in the over-matured stands between
1970-2015.

Table 3. Changes in area (ha) of land cover/land use classes between 1970-2015.

Land cover  Land cover classes (2015)

classes

(1970) Pure Mixed Degraded  Forest Non- Agriculture  Total
forest forest forest openings forest

Pure forest  3,398.34 15.97 1,022.92 775.55 16.57 109.33 5,338.67

Coppice 278.95 - 3,442.30 578.30 441 81.35 4,385.30

forest

Degraded 1,523.20 100.17 6,495.67 1,358.99 2.39 157.44 9,637.86

forest

Forest 1,760.06 49.32 8,229.78 39,000.86 184.15 6,078.88 55,303.06

openings

Non-forest 162.27 - 1,607.21 1,093.38 241.49  279.01 3,383.35

Agriculture  67.52 - 349.84 839.40 207.77  817.46 2,281.99

Total 7,190.33 165.45 21,147.72  43,646.48  656.77 7,523.46 80,330.22

3.2 Temporal changes in canopy cover

To detect structured changes in forest dynamics, forest cover type type maps were examined in terms of crown
closure. Unlike low and medium coverage areas, regenerated and full coverage areas increased by 498% and
42.26%, respectively from 1970 to 2015 (Table 4). Changes of crown closure over 45 years showed that fully
covered stands and degraded areas significantly increased whereas low and medium covered stands decreased.

Table 4. Changes of canopy cover classes for each period.

Years Differences (+/-)
Canopy cover 1970 1998 2015 1970-1998  1970-2015
(Criteria % cover) Area Area Area

% %

(ha) (ha) (ha)
Regenerated 258.87 1,070.64 1,548.04 313.57 498
1 (low coverage, 11%-40%) 645.76 588.23 542.16 -8.91 -16.04
2 (medium coverage, 41%-70%) 1,409.68 1,433.06 1,023.81 1.66 -27.37
3 (full coverage, >71%) 3,024.35 3,626.44 4,302.54 19.91 42.26
Coppice forest 4,403.61 3,477.57 - 21.03 -100
Degraded forest 9,640.39 7,693.66 21,268.91  -20.19 120.62
Non-forest 61,359.62 62,936.7 52,176.05  2.57 14.97
Total 80,742.29 80,826.28 80,861.51

While covered areas transitioning to the status of degraded indicate that the forest structure has deteriorated,
covered areas evolving into fully covered areas show that the forest structure has improved. The conversion of the
regenerated, low covered, and medium covered areas to more covered areas accounting for 51.30%, 69.56%, and
60.17%, respectively had a positive effect on forest structure. Besides, the conversion of coppice, degraded, and
non-forest areas to high and productive areas from 1970 to 2015 by about 6.36%, 16.84%, and 11.03%, respectively
contributed to a positive impact on forest structure (Table 5). These conversions on canopy cover based on
silvicultural interventions and forest growth resulted in a more stable forest structure. Although the increase in
degraded areas is considered a negative situation in terms of forest structure because the main reason for this
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increase in the degraded areas is the transition of non-forest areas and coppice areas to degraded areas, it is a
positive situation.

Table 5. Change in area (ha) of canopy cover classes based on forest t cover maps.

Crown closure Crown closure (2015)

classes

(1970) Regener 1 2 3 Degraded Non- Total
ated forest forest

Regenerated 7.00 5.54 32.81 94.43 91.78 27.31 258.87

1 15.49 24.75 120.93 328.28 127.88 28.43 645.76

2 25.83 83.75 178.00 848.20 209.54 64.37 1,409.68

3 25.13 104.53 98.64 1,420.99  593.72 781.35 3,024.36

Coppice forest 57.66 56.04 19.02 146.23 3,442.30 664.06 4,385.30

Degraded forest 444,51 136.28  274.92 767.66 6,495.67 1,518.81 9,637.86

Non-forest 969.87 120.46  293.16 655.67 10,186.83 48,742.39  60,968.39

Total 154549 531.35 1,017.48 4,261.46 21,147.72 51,826.72  80,330.22

3.3 Temporal changes in development stages

To evaluate the change in the quality of forest structure, further analysis was conducted on the development stages
of forest ecosystems. Whereas high and productive forests were generally clumped into the development stage b
(young) with 4,470.03 ha in 1970, the areas were mostly concentrated into the stages b (young) and ¢ (mature)
with 5,845.30 ha in 2015. These results showed that productive forest areas mostly changed to young and mature
development stages. On the other hand, the increase in the regenerated areas by about 313.58% (811.77 ha) in 1998
and 498% (1,289.17 ha) in 2015 was a positive development for sustainable forestry (Table 6).

Table 6. Changes in development stage classes based on forest cover type maps.

Development stages Years Differences (+/-)

(Criteria, average 1970 1998 2015 1970-1998 1970-2015

dbh) Area Area Area % %
(ha) (ha) (ha)

a (regenerated, <8) 258.87 1,070.64 1,548.04 313.58 498

b (young, 8-19.9) 4,470.03 3,138.07 3,247.95 -29.80 27.34

¢ (mature, 20-35.9) - 1,884.63 2,597.35 100 100

d (over-mature, >36) 609.77 277.13 23.22 -54.55 -96.20

Coppice forest 4,403.61 3,825.46 - -13.13 -100

Degraded forest 9,640.39 7,693.66 21,268.91 -20.19 120.62

Non-Forest 61,359.62 62,936.70 52,176.04 2.57 -14.97

Total area 80,742.29 80,826,28 80,861.51

While about 83 ha (32.06%) and 49.79 ha (19.24%) of regenerated areas grew naturally into the young and mature
development stages, respectively, 1,114.38 ha (24.93%) of the areas in the young development stage converted to
the mature development stage. Also, the areas in the over-mature stage that converted to the regenerated, young,
and mature stages accounted for 11.17 ha (1.83%), 137.54 ha (22.56%), and 370.89 ha (60.82%), respectively,
possibly through regeneration activities (Table 7). Over 45 years, there was a net increase of 1,286.61 ha for
regenerated areas with the highest contribution from non-forest and degraded areas by about 91.52% (1,414.39
ha). Besides, the conversion of degraded areas, coppice, and non-forest areas to high and productive areas
accounting for 1623.37 ha (16.84%), 278.95 ha (6.36%), and 2039.16 ha (3.34%), respectively led to an increase
in the quality of forest structure.

932



Mumcu Kucuker and Sari Journal of Bartin Faculty of Forestry, 2021, 23(3): 926-940

Table 7. Change in area (ha) of development stage classes between 1970-2015.

Development Development stages (2015)

stages

(1970) a b c d Degraded Non-forest  Total
forest

a 7.00 83.00 49.79 - 91.78 27.31 258.88

b 55.27 157251 1,114.38 - 898.68 829.19 4,470.03

d 11.17 137.54 370.89 12.76  32.46 44.95 609.77

Degraded forest 444,51 852.43 322.51 3.92 6,495.67 1,518.81 9,637.85

Coppice forest  57.66 180.51 40.78 - 3,442.30 664.06 4,385.31

Non-forest 969.87 413.51 649.26 6.52 10,186.83 48,742.39 60,968.38

Total 1,545.48 3,239.5 2,547.61 232 21,147.72 51,826.71 80,330.22

3.4 Change in forestation/deforestation rate

The forestation improvement or deforestation rate over 45 years (1970-2015) was calculated as 0.87% and 0.73%
for the degraded and productive forests combined and for only the productive forests, respectively. All these
changes indicated that the forests in general, including productive forests, increased substantially.

3.5 Spatial analysis of change in forest structure

The spatial analysis of the landscape pattern based on all land use classes indicated that the total NP, the edge
density (ED), and the area-weighted mean shape index (AWMSI) increased by about 51.07%, 44.86%, and 3.56%,
respectively during the 40-year period. However, the mean patch size (MPS) decreased by about 23% between
1970 and 2015 when all land cover types were taken into account. Similarly, when all land cover types were
evaluated separately, almost all cover types showed the same changes as total changes (Table 8). All these changes
over 45 years clearly indicated that the forest landscape fragmentation increased, and patches became edgier,
thereby increasing forest susceptibility to further deterioration in the future. One of the most detrimental
consequences of fragmentation is creating isolation between forest communities, resulting in the restriction of the
movement of animals and plants. Because ecosystem fragmentation can cause interruption of breeding and gene
flow in plant and animal communities, species diversity, composition, abundance, distribution, and biotic
interactions change in important ways over the long term (Benitez-Maldiva and Rodrigez, 2008).

Table 8. Changes in landscape pattern between 1970-2015.

Land covers NP MPS (ha) ED MSI AWMSI
1970 2015 1970 2015 1970 2015 1970 2015 1970 2015

Pure forest 382 595 13,96  12.19 8.81 14.01 1.66 1.72 1.67 1.79

Coppice 96 - 4587 - 4.01 - 1.71 - 1.70 -

forest

Degraded 307 707 31.40  30.01 10.65 2469 174 1.73 1.72 1.67

forest

Forest 402 428 138.49 10246 26.31 25.77 1.77 1.77 1.70 1.81

openings

Agriculture 107 292 21.44  26.17 3.57 1041 1.84 1.91 2.01 2.29

Non-forest 149 143 2280 4.72 3.58 1.71 1.38 1.39 1.61 1.47

Mixed forest - 15 - 11.01 - 0.30 - 151 - 1.55

Total 1,443 2,180 27396 186.56 56.93 76.89 10.1 10.03 10.41 10.58

4. Discussion and Conclusion

The study analyzed the spatial change of forest structure in the Olur forest planning unit between 1970 to 2015
based on land use/land cover classes, canopy cover, and development stages taking into consideration some distinct
socio-economic factors including forest crime rates, rural population change, and annual GNP. It is clear that these
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factors have a significant impact on changes in forest ecosystems. Forest villagers are the main components of
rural populations in forest land, and 99.9% of forest land is managed by the state in Turkey. In this case, serious
problems will inevitably arise in terms of anthropogenic interventions such as illegal utilization, clearing, or
burning for agricultural use and grazing. As forest ecosystems are sensitive to this intervention, they are affected
negatively, and natural composition, biodiversity, and resilience are damaged. As such, it is crucial to analyze the
ecological consequences of forest dynamics in terms of socio-economic factors.

4.1 Temporal change

There was a net increase of 9,141.67 ha in total forested areas due to afforestation in the study area. In other words,
of the non-forest areas existing in 1970, almost 3.34% converted to high and productive forest areas, and 16.71%
converted to degraded areas in 2015. Besides, degraded areas showed a significant increase due to the conversion
of non-forest areas with afforestation. According to all transitions between land cover/land use classes between
1970-1998 and 1970-2015 (Figure 2, while transition percentages from total forest cover land to non-forest and
degraded areas were 25.66% (1,369.9 ha) and 11.4% (608.85 ha) between 1970-1998, they were 16.89% (901.45
ha) and 19.16% (1,022.92 ha) between 1970-2015, respectively. Total forest cover land gained 2,039.23 ha
(27.72%) and 1,903.23 ha (13.57%) from non-forest and degraded areas, respectively between 1970 and 2015.
These transitions were attributed to an increase in total forest cover land.
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Figure 2. Land use/land cover class transitions between 1970-1998 and 1970-2015.

The increasing degraded areas and decreasing non-forest areas in the Olur forest planning unit could be explained
by the following reasons. First, afforestation applications under some actions on degraded areas and forest openings
contributed to the increase in the forest area. The increase in the forested areas can be mainly obtained by
afforestation activities on forest openings and degraded areas to control soil erosion and afforestation of abandoned
agricultural lands in the study area. According to the national forestry policy in Turkey, GDF has been
implementing the Forest Conversion Action Plan with the aim of converting the coppice stands to the high forest
since 2006 (GDF, 2006b). Coppice stands were managed by a short rotation period causing a major threat to the
maintenance of biological diversity. In this context, coppice stands were started to be converted to high forests
through different silvicultural treatments. While the total coppice forest area was 5.75 million ha (27.1%) in 2005,
it decreased to 1.2 million ha (5.3%) as of 2018 in the total forest land in Turkey (GDF, 2018). In this way, a
significant increase has been achieved in high forest areas. Also, after the implementation of the National
Afforestation and Erosion Control Action Plan in 2008, GDF made afforestation, rehabilitation, and artificial
regeneration activities in the degraded areas for erosion control (GDF, 2008). These action plans led to a significant
increase in forested areas.

Second, in the study area, population density dramatically decreased over four decades. The rural population
decreased from 18,313 in 1970 to 4,005 in 2019 with a reduction of 78%. It is the result of migration from rural to
urban areas and contributed to the increase in the forest area by decreasing social pressure on forests. Several
studies also indicated that population density affects land use and land cover type changes. Sivrikaya et al. (2007a)
reported that productive forest areas increased by 850.8 ha (3%), and the population decreased by 61.1% from
1972 to 2005 in the Camili forest planning unit, which is located in northeastern Turkey. Similarly, Cakir et al.
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(2008a) showed that forested areas increased by 1,189 ha (4.2%), and the rural population decreased by 17.8%
from 1975 to 2000 in the Macka State Forest Enterprise located in the East Black Sea Region of Turkey. Besides,
Bozali et al. (2015) and Keles et al. (2016) indicated that forest cover lands significantly increased by 1,974.5 ha
(9.7%) and 3,356 ha (36.4%) over about two decades in the Baskonus and Golyaka forest planning units,
respectively.

4.2 Effect of socioeconomic factors on forest ecosystems

The impacts of some socio-economic factors such as rural population, forest crime rates, and per capita income
were also taken into account in the study area, and similar trends were obtained. The rural population changed
from 18,313 in 1970 to 4,015 in 2019 (TUIK 2020a). In other words, the population of Olur decreased by nearly
78% over 49 years. As a result of the decrease in the rural population between 1970-2019, a serious decline was
observed in forest crime records except 2011 (Figure 3). General election of Turkey in 2011 can be related with
the reason for a partial increase in forest crimes in this year. This change between 1970-2019 showed that a decrease
in the population can lead to a decrease in human pressure on forest areas, probably resulting in the positive
development of forest areas (Karanth et al. 2006).
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Figure 3. Relationship between the rural population and forest crime record.

In addition, the relationship between forest crime records and average per capita income was evaluated. Forest
crimes decreased from 160 in 1979 to 0 in 2018. However, GNP in Erzurum province increased from $ 3,058 in
2004 to $ 5,706 in 2018 with an increase of 87% (TUIK 2020b) (Figure 4). The inverse relationship between GNP
and forest crime records demonstrated that environmental awareness of society increased over time based on the
welfare level as the environmental Kuznets curves hypothesis emphasized (Mather et al. 1999b). As a result, the
pressure on forest ecosystems tended to decrease gradually, and forested areas increased. The main reason for this
increase is the conversion of abandoned agricultural lands into forest areas as a result of the decrease in population.
The decrease in population and the increase in the educational and economic conditions of the people have
contributed greatly to the sensitivity of the society by changing the perspective on the forest. The serious reduction
of forest crime rates is a clear result of this change in the perspective of society.

Forest villagers are the main components of the rural population, and approximately 99.9% of forest land is
managed by the state in Turkey. In this case, serious problems will inevitably arise in terms of anthropogenic
interventions which cause forest crimes including logging the forest trees, the transference of forestry products
without permission, expanding lands and occupied land in the forest, and expending forest products and pasturage
without permission, all of which are major ecological and economic threats to forest ecosystems. Between 1988-
2018, a total of 776,239 forest crimes were recorded in Turkey (GDF, 2018). There was a loss of 1.29 million m?
solely due to illegal logging of forest trees during this period. However, there was a considerable decline in total
forest crime rates, decreasing by 73.4% from 41,845 in 1988 to 11,112 in 2018.
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Figure 4. Relationship between per capita income and forest crime record.

Due to employment problems and limited social and educational opportunities, there has been intense immigration
from rural areas to urban areas in recent decades, and this serious reduction in forest crime is closely related to the
continuous decrease in rural population density. This decrease in rural population density and gradual increase in
urban population are the main results of urbanization.

4.3 Spatial change

The spatial analysis of the landscape pattern indicated that the number of fragments and isolation of patches
increased, and the MPS decreased; thus, the forest gradually turned into a more fragmented structure (Figure 5).
As previously shown in Table 8, the total NP increased from 1,574 to 2,337 (42.12%), and MPS decreased from
258.30 to 180.84 (29.99%). The patch area sizes were classified into 3 main categories as class | (<25 ha), class Il
(25-50 ha), and class 1l (>50 ha) to make a more detailed land fragmentation analysis (Figure 5). According to
that, NP and patch size area increased by 53.23% (511), 47.88% (3,501,28 ha), and 86% (166) 89.42% (6,120.37
ha) in class | and Il from 1970 to 2015, respectively. While NP increased by 20.69% (60), the patch size area
decreased by 14.26% (9,492.67 ha) in class Ill. In forested areas, NP and patch size area from 1970 to 2015
increased by 63.72% (202) and 63.94% (1,576.74 ha) in class | and by 50% (27) and 57.31% (993.39 ha) in class
11, respectively. However, NP and patch size area from 1970 to 2015 decreased in class 111 by 43.16% (485.87 ha)
and 9.09% (1), respectively. This change in the forest structure highlighted a danger for the sustainability of forest
resources.
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Figure 5. The spatial change of landscape fragmentation over 45 years.
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All these changes over about 45 years indicated that the forest landscape fragmentation increased, and patches
became edgier, thereby increasing forest susceptibility to further deterioration in the future. Besides, forest
fragmentation caused an increase in the number of edges in the landscape. As it is understood, edge effects have a
critical impact on environmental (e.g., light, radiation, moisture, temperature, wind, and soil nutrients) and
biological (e.g., species composition, competition, predation) changes along and close to the edge. Moreover, forest
edges are the entry point of external influences such as fire, invasive species, pests, and pathogens to the fragmented
patches (Benitez-Maldiva and Rodrigez, 2008). Some previous studies that concentrated on forest fragmentation
in Turkish ecosystems showed similar results (Sivrikaya et al. 2007a; Keles et al. 2008; Cakir et al. 2008a; Gunlu
et al. 2009; Bozali et al. 2015). In these studies, NP increased by 253.5%, 87%, 32.8%, 36.4%, and 190.6%, unlike
the MPS which decreased by 71.7%, 46.5%, 25%, 70.7%, and 65.7%, respectively.

Although the forested areas increased remarkably in the study area, the spatial quality of forest landscape or
fragmentation increased. The spatial degradation in the Olur planning unit developed in the form of conversion of
some forest types and isolation of forest fragments. The main reasons for this degradation can be explained by non-
convenient forest management interventions and soil erosion. For this reason, the silvicultural interventions to
reduce fragmentation should be envisaged, and the spatial parameters should be taken into account in forest
management plans.

In conclusion, monitoring and evaluating spatiotemporal changes in forest ecosystems are very important because
land-use changes directly affect the composition and configuration of forest ecosystems. Although the forested
areas increase in the study area, the spatial quality based on the natural composition and configuration of forest
landscape provides unfavorable habitats for biodiversity. Further, forest management practices are not practical
and economical when patches become smaller as a result of fragmentation. Therefore, quantifiable and equitable
evaluation of spatial composition and configuration of a landscape is very important for landscape management.
Additionally, forest management interventions affect the status of forest ecosystems and biodiversity; thus,
determining appropriate forest management decisions and policies is crucial to prevent fragmentation in forest
ecosystems and to protect and monitor plant biodiversity. As a result, understanding the effects of the
spatiotemporal changes in forest dynamics should be observed carefully in better planning management strategies
for sustainable production and conservation of forest resources.
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