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Abstract This study analyses forest dynamics and land
use/land cover change over a 43-year period using
spatial-stand-type maps of temporal forest management
plans of Karaisalı Forest Enterprise in the Eastern
Mediterranean Region of Turkey. Stand parameters (tree
species, crown closures and developmental stages) of
the dynamics and changes caused by natural or artificial
intervention were introduced and mapped in a
Geographic Information System (GIS) and subjected
to fragmentation analysis using FRAGSTATS. The
Karaisalı Forest Enterprise was first planned in 1969
and then the study area was planned under the
Mediterranean Forest Use project in 1991 and five-
term forest management plans were made. In this study,
we analysed only four periods (excluding 1982 revision
plans): 1969, 1991, 2002 and 2012. Between 1969 and
2012, overall changes included a net increase of
3,026 ha in forested areas. Cumulative forest improve-
ment accounted for 2.12 % and the annual rate of total
forest improvement averaged 0.08 %. In addition, pro-
ductive forest areas increased from 36,174 to 70,205 ha
between 1969 and 2012. This translates into an average
annual productive forest improvement rate of 1.54%. At

the same time, fully covered forest areas with crown
closure of “3” (>70 %) increased about 21,321 ha, and
young forest areas in developmental stage of “a” (diam-
eter at breast height (dbh)<8 cm) increased from 716 to
13,305 ha over the 43-year study period. Overall chang-
es show that productive and fully covered forest areas
have increased egregiously with a focus on regenerated
and young developmental stages. A spatial analysis of
metrics over the 43-year study period indicated a more
fragmented landscape resulting in a susceptible forest to
harsh disturbances.

Keywords Forest dynamics . Forest improvement .

Forest management plan . FRAGSTATS . GIS . Land
cover change

Introduction

Nowadays, understanding forest dynamics and spatiotem-
poral changes of forest ecosystem is an important factor
along with determining land use/land cover changes in
management of forest products and services. Amount, as
well as spatial configuration, of forest stands or patches
over landscape has important impacts on sustainability of
both forest products and services. Control of the spatial
configuration of stands provides ability to better design
and manage forest values based on understanding of the
spatiotemporal analysis of forest dynamics. As known,
focus of sustainable use of forest ecosystems can ensure
their transfer to future generations.

The temporal and spatial changes of land use have
been examined in many studies (Kennedy and Spies
2004; Wakeel et al. 2005; Cayuela et al. 2006; Çakır
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et al. 2007; Sancar et al. 2009; Özen Turan et al. 2010;
Upadhyay et al. 2005; Liu et al. 2006; Park and
Stenstrom 2008; Xu et al. 2007; Pavón et al. 2003;
Karnieli et al. 2008). In particular, the changes in forest
ecosystems and the factors affecting them have been
analysed (Kadıoğulları 2013; Kadıoğulları et al. 2008;
Başkent and Kadıoğulları 2007). Regarding changes in
forest resources all over the world, there was a loss of
16 million hectares between 2000 and 2010 in addition
to 13 million hectares of forest area lost between the
years 1990 and 2000 (FAO 2010). It is important for
natural resource informatics and management to deter-
mine similar temporal and spatial changes in forest
resources (Başkent and Jordan 1995a,b; Kadıoğulları
and Başkent 2008; Başkent and Kadıoğulları 2007;
Echeverría et al. 2006a, b; Echeverria et al. 2008.).
Forest management plans for a 10-year period were
completed for the first time in Turkey between 1963
and 1972 and provided basis of forest land cover chang-
es. From the beginning of that planning period to the
present, forest management plans have been updated
every 10 or 20 years. When comparing inventory data
for the first term (1963–1972) and for the 2012 man-
agement plan, a net increase of 1,478,838 ha in forest
area can be seen. During this period, the amount of
productive forest area increased by 2,702,211 ha (GDF
2013).

Importance of forest ecosystems is increasing rapidly
worldwide as is their role in offering products/services to
society. In addition, there is better understanding of the
need to protect ecological balance. Accordingly, because
of rapid population growth and destructive pollutant ef-
fects of rapid developments in industry, social pressure
requires us to be much more sensitive to the forests
(Rudel et al. 2005; Perz 2007; Lambin et al. 2001; Perz
and Skole 2003). Additionally, structure of forest ecosys-
tems is rapidly changing due to lack of appropriate
utilisation; the balance of the forest ecosystem is
disrupted by offering products and services via incorrect
or incomplete silvicultural interventions (Gautam et al.
2003; Sivrikaya et al. 2007; Kadıoğulları et al. 2008)
Understanding the change and effect factors requires
comprehension of forest dynamics. Analysing all of the
factors disturbing the forest ecosystems through an un-
derstanding of forest dynamics will play a key role in the
planning of forest resources in a sustainable manner. Data
related to changes, dynamics and spatial structures of
forest ecosystems over a period of time, as well as that
of present-day conditions, are especially needed in the

context of contemporary planning approaches like
Ecosystem Based Multi Objective Planning (ETÇAP).

This study analyses the forest dynamics and the spatial
and temporal patterns of cover types in theKaraisalı Forest
Enterprise for four planning periods (excluding revised
plans for 1982) between 1969 and 2012 based on forest-
stand-type maps using a Geographic Information System
(GIS) and FRAGSTATS, a spatial statistics programme. In
this context, the objective of this study is to contribute to
the understanding of the forest dynamics, fragmentation
and development in the Mediterranean forests of south-
eastern Turkey.

Material and methods

The case study area

The 2012 study area of Karaisalı State Forest Enterprise
included Çatalan, Kızıldağ, Çukurova, Karaisalı,
Akarca and Hacılı forest planning units located in
Adana Province in the Eastern Mediterranean Region
of Turkey, UTM European 50 datum 36 zone 668,970–
716,792 E, 4,103,218–4,151,137 N. The area consists of
mountain forests, flat agricultural land and scattered
settlements and highlands. The altitude varies between
20 and 2,420 m (Fig. 1).

The region is naturally covered by Pinus brutia,
Pinus nigra, Pinus pinea, Abies cilicica, Cedrus libani,
Juniperus spp., Quercus spp. and Laurus nobilis L., the
most widely distributed species in the Mediterranean
region. In this study, stand parameter data of each forest
stand type were obtained from the Karaisalı forest man-
agement plans carried out in 1969, 1991, 2002 and 2012
(GDF 1969; GDF 1991; GDF 2002; GDF 2012). This
study area is a fire-sensitive ecosystem because the
dominant species, Calabrian pine (P. brutia), covers
about 66 % of the total forest area located in the
Mediterranean climate region. From 1969 to the present,
many forest fires have occurred in the study area, affect-
ing about 6,100 ha.

The Karaisalı State Forest Enterprise includes the
district of Karaisalı. Demographic changes in the district
varied considerably between 1965 and 2011, according
to the Republic of Turkey State Institute of Statistics
(Table 1). This table shows that very significant changes
in the total population of Karaisalı District have oc-
curred over the 46-year period. From 1965 to 2011,
the urban population increased by 673 %, while the
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Fig. 1 The geographic location of the study area
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rural population only increased from 1965 to 1990.
After 1987, Karaisalı District was divided into
Karaisalı and Aladağ districts. After this, while the
urban population remained almost unchanged, the rural
population decreased from 30,349 to 15,207 (50 %).
After 1990, many people left the rural areas to become
residents in urban centres in order to seek better job
opportunities. This decrease in the rural population has
changed the human pressure on forest areas, most prob-
ably resulting in a positive development of the forest
ecosystems.

Database development

First, a spatial database developed as part of this study
consisted of forest-stand-type maps. Second, temporal
changes and transition of cover types/stand parameters
were analysed using GIS (Table 2). Finally, the frag-
mentations of cover types were evaluated with
FRAGSTAT™. The forest-cover-type maps of 1969
and 1991, at 1/25,000 scale cover type, were produced
with 1/23,000 scale black-and-white aerial photos. The
forest-stand-type maps for 1969 and 1991 used in this
research were first scanned and then georeferenced
using 1/25,000 scale topographical maps with UTM
projection (ED 50 datum) using first-order nearest

neighbour rules. Rectified forest-stand-type maps with
a 1/2,000 to 1/3,000 screen view scale were digitised by
a number of qualified foresters with substantial GIS
experience. Stand-type maps for 2002 derived from
1/25,000 scale forest-stand-type maps were produced
with 1/16,000 collared infrared aerial photos. Lastly,
the forest-stand-type maps for 2012 were produced with
digital collared infrared aerial photos. These forest-
stand-type maps were derived from visual interpretation
of aerial photos (species mix and the development
stages) and rectified with field survey data. These pro-
cedural differences and change of aerial photograph
resolutions may also affect the areal changes and limited
to the accuracy over the 43-year period. Also, the stand
labelling procedure has slightly changed over the peri-
od. The spatial database included stand attributes such
as species, crown closure, developmental stages and
other stand parameters.

It is important to note that the forest maps generated by
different photo interpreters may involve some accuracy
problems. However, the field survey provides great help
in reducing possible errors from happening. Furthermore,
there is also another source of possible error with respect
to the scales of aerial photos used in the study. This error
is, of course, indispensible as it is impossible to change
the scale of the previous maps or aerial photos.

Table 1 Human population changes in Karaisalı District between 1970 and 2010

Years 1965 1970 1980 1990 2000 2007 2011

Urban 7,235 6,883 6,580 7,494

Rural 30,349 2,8239 2,2160 15,207

Karaisalı total 37,584 35,122 28,740 22,701

Urban Since 1987, the district of Aladağ separated from the district of Karaisalı 4,990 6,674 3,938 4,129

Rural 18,217 16,905 13,568 12,945

Aladağ total 23,207 23,509 17,506 17,074

Urban 1,814 1,643 2,711 12,225 13,557 10,518 11,623

Rural 45,629 46,999 51,983 48,566 45,144 35,728 28,152

Karaisalı and Aladağ total 47,443 48,642 54,694 60,791 58,631 46,246 39,775

Table 2 Classification of crown closures and developmental stages

Crown closure types Criteria (% cover) Developmental stages Criteria [average diameter at breast height (dbh)]

0 Regenerated areas a (regenerated) <8 cm

Degraded forest 0–10 % b (young) 8–19.9 cm

1 (low coverage) 11–40 % B (young-mature) (only 1969 plans) 8–35.9 cm

2 (medium coverage) 41–70 % c (mature) 20–35.9 cm

3 (full coverage) >71 % d (over-mature) >36 cm

e (over-mature) (only 2012 plans) >52 cm
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Understanding the dynamics of productive forest
improvement is critical for the production of multiple-
use forest planning. Annual forest improvement rates
were calculated using the compound interest rate formu-
la due to its explicit biological meaning (Puyravaud
2003). This is:

P ¼ 100

t2−t1
ln
A2

A1

where P is percentage of productive/total forest im-
provement per year, and A1 and A2 are the amounts of
total forest covers or productive forest areas at times t1
and t2, respectively.

Transition and spatial analyses of stand parameters/land
cover types

In addition to analysing the changes in the amount of
land cover types and stand parameters, the temporal
transitions among the cover types/stand parameters were
also documented and evaluated in order to see the
temporal dynamics among various parameters in-
dicative of both composition and configuration of
forest resources. The transitions of stand parame-
ters were evaluated using periodic results of stand-
type maps. The stand-type polygon themes for 1969,
1991, 2002 and 2012 were overlaid, converted from
each of the classes to those of the other classes and
computed.

The spatial dynamics of the forest landscape were
analysed using a few metrics as proxy to quantify and
spatially analyse the change in spatial structure as dem-
onstrated by Başkent and Kadıoğulları (2007),
Kadıoğulları et al. (2008), McGarigal and Marks
(1995), Günlü et al. (2009), Paudel and Yuan (2012),
Armenteras et al. (2003), Echeverría et al. (2006a, b)
and Kadıoğulları (2013). Specifically, the FRAGSTATS
programme was used (McGarigal and Marks 1995) to
quantify the landscape structure of Karaisalı State Forest
for each of the land cover type classes. We analysed
some metrics for the cover-type class for the landscape.
These metrics were: percent of landscape (PL; percent
of landscape), class area (CA; sum of the areas of all
patches belonging to a given class, in map units), num-
ber of patches (NP), largest patch index (LPI; percentage
of the landscape comprised by the largest patch), mean
patch size (MPS; the average patch size within a partic-
ular class), patch density (PD; number of patches perTa
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100), patch size coefficient of variation (PSCV) and
area weighted mean shape index (AWMSI; the average
perimeter to area ratio for a class, weighted by the size of
its patches).

Results

Changes in land cover types

According to the digitised stand-type maps from forest
management plans between 1969 and 1991, there was a
net increase of 19,539 ha in total productive forest areas.
Total forest areas (productive and degraded forest) in-
creased by 764 ha and water areas increased by 4,028 ha
(Table 3 and Fig. 2). In the period between 1991 and
2002, there was a net increase of 4,474 ha in total
productive forest areas. In the last period, between
2002 and 2012, there was a net increase of 10,016 ha
in total productive forest areas (Fig. 3).

Regarding overall changes between 1969 and 2012,
there was a net increase of 34,030 ha in the productive

forest areas, and total forest areas (productive and de-
graded forest) increased by 3,026 ha. Cumulative forest
improvement accounted for 2.12 % as a whole
(3,026 ha) and 3.64 % of the forested area of the study
site from 1969 to 2012. This translates into an average
annual total forest (degraded and productive) improve-
ment rate of 0.08 %. Based upon only the productive
forest areas, productive forest improvement accounted
for 23.86 % as a whole (34,030 ha) and 40.98 % of the
forested area of the Karaisalı State Forest from 1969 to
2012. This is an average annual productive forest im-
provement rate of 1.54 %.

Changes in crown closures and developmental stages

The stand-type maps were further analysed to examine
any changes in forest structure and forest dynamics. In
terms of crown closure change, in the first period, be-
tween 1969 and 1991, in the total combined forest areas,
the percentage of stands with a crown closure of 3
(>70 %) increased by about 8.01 %, the percentage of
those with a crown closure of 1 (11–40 %) increased by

Fig. 2 Land cover changes of Karaisalı Forest Enterprise in the years a 1969 and b 1991
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about 8.72 %, the percentage of those with a crown
closure of 2 (41–70 %) increased by about 2.92 % and
the percentage of degraded forest (<10 %) decreased by
about 21.81 % in the combined forest areas. In the
second period, between 1991 and 2002, another change
of crown closures can be seen in the total combined
forest areas, where percentage of stands with the crown
closure of 3 increased by about 10.03 % and percentage
of degraded forest (<10 %) decreased by about 4.16 %.

Another change of crown closures occurred in the third
period, between 2002 and 2012, in the total combined
forest areas, where percentage of stands with a crown
closure of 3 increased by about 6.73 % and percentage
of degraded forest (<10%) decreased by about 10.04 %.
The general changes of crown closures in the overall
period between 1969 and 2012 for the total com-
bined forest areas were as follows: crown closure 1
and 2 areas increased by about 7,078 ha (8.22 % of the

Table 4 The transition matrix of crown closure classes in the study area from 1969 to 1991

1969 crown
closure classes

1991 crown closure classes

Regeneration areas 1 2 3 Degraded Open areas Total
Area (ha) Area (ha) Area (ha) Area (ha) Area (ha) Area (ha) Area (ha)

1 123.3 2,895.7 2,886.6 2,345.3 2,042.6 1,010.1 11,303.7

2 375.9 3,800.1 4,515.6 4,569.0 1,101.4 778.0 15,139.9

3 96.9 2,660.2 1,908.4 4,476.2 232.8 356.6 9,731.0

Degraded 1,790.4 7,612.9 6,175.2 3,500.6 19,345.7 8,427.0 46,851.9

Open areas 243.2 1,838.6 2,172.1 1,727.9 5,354.3 48,224.1 59,560.2

Total 2,629.6 18,807.6 17,657.9 16,619.0 28,076.8 58,795.9 142,586.7

Fig. 3 Land cover changes of Karaisalı Forest Enterprise in the years c 2002 and d 2012
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total forest areas) and 2,211 ha (2.56 % of the total
forest areas), respectively; crown closure 3 areas
greatly increased by 21,321 ha (about 24.77 % of the
total forest areas); the degraded forest decrease was
about 36.02 % of the total forest areas; and the quality
of the forest structure increased.

The developmental stages of forest ecosystems are
used as another stand parameter to analyse the change in
the quality of the forest structure. According to stand-
type maps, the forests in 1969 were mostly classified
into B (young-mature), Bd (young-overmature), dB
(mature and overmature) and d (overmature) develop-
mental stages with areas of 11,843, 7,762, 14,098 and
1,748.7 ha, respectively (Table 8). In 1991, the forest
area was generally concentrated into regenerated (a=
9,458 ha) and mature (c=33,207 ha) stages of develop-
ment (Table 9). In 2002, the forest was generally
categorised in regenerated (a=14,487 ha), young (b=
13,353 ha) and mature (c=28,189 ha) stages of devel-
opment (Table 10). In the last period, 2012, the forest
was generally divided into regenerated (a=19,697 ha),

young (b=11,212 ha) and mature (c=34,429 ha) stages
of development (Tables 10 and 11). This overall change
shows that regenerated areas are adequate for sustain-
able forestry because of the increase in a and b devel-
opmental stages between 1969 and 2012. The rest of the
area was left to grow into mature and over-mature
developmental stages. The general implication is that
the forest is developing into young and young-mature
stages (Table 11).

Transitions among land cover types

Based on forest management plans, the transitions among
major forest cover types over the years 1969, 1991, 2002
and 2012 were determined (Table 3 and Figs. 2 and 3).
This analysis showed that for the overall period between
1969 and 2012, about 21,261 ha of degraded forest areas
changed into productive Calabrian forest, while 1,544 ha
of productive Calabrian forest areas changed into degrad-
ed forest areas, with productive pine areas showing a net
increase of 25,376 ha. In the same period, about 7,738 ha

Fig. 4 Crown closure changes of Karaisalı Forest Enterprise in the years a 1969 and b 1991
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of open areas changed into productive Calabrian pine and
3,230 ha of degraded forest changed into productive
juniper forest areas. Unchanged areas between 1969
and 2012 included: 40,937 ha of unchanged open areas,
28,177 ha of productive Calabrian pine and 840 ha of
water (lakes), as shown in Table 3. In the study area,
between 1969 and 2012, about 3,398 ha of open areas
changed into water areas due to construction of dams.

Other changes of land cover types for the four periods are
shown in Figs. 2 and 3.

Transitions among crown closures and developmental
stages

Further temporal dynamics or transition among crown
closures were subsequently analysed based on the stand-

Table 5 The transition matrix of crown closure classes in the study area from 1991 to 2002

1991 crown
closure classes

2002 crown closure classes

Regeneration areas 1 2 3 Degraded Open areas Total
Area (ha) Area (ha) Area (ha) Area (ha) Area (ha) Area (ha) Area (ha)

Regeneration areas 283.0 1,669.0 134.7 95.2 110.1 337.7 2,629.6

1 383.2 6,369.9 3,982.4 4,564.4 2,162.7 1,344.9 18,807.6

2 192.0 3,742.1 4,603.0 6,641.1 997.9 1,481.6 17,657.9

3 149.3 2,261.3 2,340.2 10,502.1 436.9 929.2 16,619.0

Degraded 382.8 3,502.7 2,283.4 1,530.7 15,948.8 4,428.3 28,076.8

Open areas 57.4 1,490.0 1,109.2 1,919.4 4,833.8 49,386.0 58,795.9

Total 1,447.8 19,035.0 14,453.0 25,252.9 24,490.3 57,907.7 142,586.7

Fig. 5 Crown closure changes of Karaisalı Forest Enterprise in the years c 2002 and d 2012
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type maps for the four periods. For the first period
covering 1969 to 1991, approximately 1,908 ha of areas
with full closure (3) were thinned into medium coverage
(2), 2,660 ha of full closure areas were heavily thinned
into low coverage (1), 4,569 ha of medium-covered (2)
areas were developed into fully covered (3) areas and
2,345 ha of low-covered (1) areas were developed into
fully covered (3) areas (Table 4). In addition, degraded
forest areas were changed into productive areas; these
changes show that nearly 3,500 ha of degraded forest
areas were developed into fully covered areas, 6,175 ha
into medium-covered (2) areas and 7,612 ha into sub-
stantially low-covered (1) areas (Figs. 4 and 10). At the
end of this period, forest transitions show a substantial
increase in the productive forest area of Karaisalı Forest
Enterprise, as fully covered areas increased by about
6,888 ha, medium-covered forest areas increased by
about 2,520 ha and low-covered areas increased by
about 7,500 ha (Fig. 10).

For the second period covering 1991 to 2002, nearly
3,502 ha of degraded forest were developed into low-

covered forest, 2,283 ha of degraded forest areas were
developed into medium-covered forest, and 1,530 ha of
degraded forest were developed into fully-covered
areas. In addition to these changes, 2,162 ha of low-
covered forest areas were heavily thinned into degraded
forest and 2,340 ha of fully covered areas were heavily
thinned into medium-covered forest areas (Fig. 5). At
the end of this period, fully covered forest areas in-
creased by about 8,633 ha and degraded forest areas
decreased by about 3,600 ha (Table 5).

Over the third period covering 2002 to 2012,
4,556 ha of degraded forest were developed into low-
covered forest, 2,510 ha of degraded forest areas were
developed into medium-covered forest and 1,746 ha of
degraded forest were developed into fully covered areas
(Figs. 6 and 7). In addition to these changes, 986 ha of
low-covered forest areas were heavily thinned into de-
graded forest and 2,202 ha of fully covered areas were
heavily thinned into low-covered forest areas (Table 6).

During the overall planning period covering 1969 to
2012, around 8,995 ha of degraded forest were developed

Fig. 6 Development stage changes of Karaisalı Forest Enterprise in the years a 1969 and b 1991
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into low-covered (1) areas, 8,316 ha of degraded forest
areas were developed into medium-covered (2) areas and
9,803 ha of degraded forest were developed into fully
covered (3) areas. In addition, 3,677 ha of low-covered
areas and 7,533 ha of medium-covered areas were devel-
oped into fully covered forest areas (Fig. 6). However,
1,097 ha of low-coverage areas were heavily thinned into
degraded forest and 1,487 ha of fully covered forest areas
were fired and heavily thinned into low-covered
forest areas (Fig. 7). These overall changes show that
productive forest areas had increased; fully covered
forest areas increased by about 21,321 ha, low-
coverage forest areas increased by about 7,069 ha and
degraded forest areas decreased by about 31,000 ha
(Fig. 5 and Table 7).

Further temporal dynamics or transitions among de-
velopmental stages were analysed using stand-type
maps for four periods. During the first period between
1969 and 1991, around 1,158 ha of areas of the young
developmental stage (Bd) grew naturally into the over-
mature stage (d) and 6,653 ha of areas of stage Bd grew

into the mature stage (c), while 1,810 ha of stage dB
were converted into stage a, possibly through regenera-
tion activities (Fig. 8). Around 2,961 ha of degraded
forests were regenerated into stage a (Fig. 5); 1,810 ha
of stage dB forest areas were regenerated (stage a) and
1,328 ha of stage Bwere regenerated (stage a) due to the
effects of forest fires (Fig. 9). Over the same period,
2,192 ha of degraded forest developed into stage b,
12,522 ha of degraded forests developed into stage c,
and 1,163 ha of degraded forests to stage d (Table 8). At
the end of this planning period, stage a (regeneration)
areas increased from 716 to 8,100 ha due to the effects
of forest fire and through the work of successful regen-
eration activities.

During the second period between 1991 and 2002,
about 1,124 ha of regeneration stage areas (a) grew
naturally into the young stage (b), while 4,659 ha in
stage c were converted into stage a, possibly through
regeneration activities (Figs. 8 and 10). Around 1,685 ha
of degraded forest and 1,590 ha of stage d forest areas
were regenerated (stage a). Over the same period,

Fig. 7 Development stages changes of Karaisalı Forest Enterprise in the years c 2001 and d 2012
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1,663 ha of degraded forest developed into stage bc,
2,888 ha into cd and 682 ha into stage d (Table 9).

During the third period, covering 2002 to 2012, about
4,449 ha of areas in the regeneration stage (a) grew
naturally into the young stage (ab) and 524 of areas of
stage a grew into the young stage (b), while 1,968 ha in
stage cd were converted into stage a, possibly through
regeneration activities (Fig. 10). Around 2,328 ha of
degraded forest and 759 ha of stage d forest areas were
regenerated (stage a). Over the same period, 1,182 ha of
degraded forest developed into stage c, 2,461 ha devel-
oped into cd and 2,017 ha changed to bc (Table 10). Also,
during this period, 1,884 ha of open areas were changed
into a developmental stage through afforestation
activities.

For the purpose of general assessment, the develop-
mental stages were grouped according to the dominant
stage class such as a (a, ab), b (b,B, bc, Bd), c (c, cd), d (d,
dB, de, e) for the overall planning period between 1969
and 2012. Around 5,348 ha of degraded forests were
regenerated to stage a, 3,387 ha was regenerated to stage
ab, 5,818 ha was developed into stage c and 8,022 ha was
developed into stage cd. In addition, 2,541 ha of open

areas were changed into a developmental stage, and of
these, 502 ha was a result of afforestation activities. Also
in this period, around 187 ha of a developmental stages
developed into stage c over the 43-year period, based on
the growth curve of Calabrian pine (Table 11). By the end
of this period, the a stages (a, ab) increased from 716 to
19,697 ha, the d stages (d, dB, de, e) decreased from
15,857 to 4,866 ha, and young-mature forests (stages B
and Bd in 1969 and stages b, bc, c and cd in 2012)
increased from 19,608 to 45,640 (Table 11). These chang-
es show that regenerated areas, young and young-mature
forest areas increased quite remarkably and over-mature
forest areas decreased significantly. Regarding the devel-
opmental stages, the forest dynamics of the Karaisalı
Forest ecosystem had been focused on young and
young-mature forest by the end of the overall study period
between 1969 and 2012.

Spatial analysis of land cover types

The spatial analysis of the landscape patterns indicated
several metrics calculated for the cover-type class for the
four periods. The total number of patches (NP) increased

Table 6 The transition matrix of crown closure classes in the study area from 2002 to 2012

2002 crown closure classes 2012 crown closure classes

Regeneration areas 1 2 3 Degraded Open areas Total
Area (ha) Area (ha) Area (ha) Area (ha) Area (ha) Area (ha) Area (ha)

Regeneration areas 110.9 1,196.7 6.1 64.1 36.2 33.9 1,447.8

1 369.0 6,602.4 3,530.3 6,578.0 986.3 969.0 19,035.0

2 652.7 2,329.7 5,904.2 4,149.9 680.4 736.1 14,453.0

3 541.5 2,202.7 4,022.2 16,920.7 442.4 1,123.5 25,252.9

Degraded 660.6 4,556.2 2,510.4 1,746.9 11,301.4 3,714.7 24,490.3

Open areas 1,084.9 1,494.4 1,378.1 1,592.7 2,401.2 49,956.4 57,907.7

Total 3,419.5 18,382.0 17,351.3 31,052.4 15,848.0 56,533.5 142,586.7

Table 7 The transition matrix of crown closure classes in the study area from 1969 to 2012

1969 crown
closure classes

2012 crown closure classes

Regeneration areas 1 2 3 Degraded Open areas Total
Area (ha) Area (ha) Area (ha) Area (ha) Area (ha) Area (ha) Area (ha)

1 325.9 2,651.0 2,639.0 3,677.6 1,097.7 912.5 11,303.7

2 529.1 2,870.9 2,950.1 7,533.8 573.8 682.3 15,139.9

3 323.1 1,497.1 1,056.4 6,447.3 147.4 259.8 9,731.0

Degraded 965.1 8,995.6 8,316.1 9,803.0 10,769.2 8,003.0 46,851.9

Open areas 1,276.4 2,367.3 2,389.8 3,590.7 3,259.9 46,676.0 59,560.2

Total 3,419.5 18,382.0 17,351.3 31,052.4 15,848.0 56,533.5 142,586.7
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Fig. 8 Changes of stand parameters on fired area (about 600 ha in the year 1979) in the years 1969 (a), 1991 (b) and 2012 (c)
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Fig. 9 Changes of stand parameters on fired area (about 3,100 ha in the year 2000) in the years 1969 (a), 1991 (b) and 2012 (c)
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from 3,614 to 7,087 between 1969 and 2012, all patch
types being taken into account. The mean patch size
(MPS) decreased from 39.5 to 20.1 ha. The MPS of the
water areas changed significantly from 7.4 to 131.7 ha
between 1969 and 2012, having been affected by the
building of a dam. However, the MPS of the degraded
forest areas changed from 46.4 to 6.8 ha. The reasons for
these changes in degraded forest areas probably relate to
the decrease from 46,871 to 15,848 ha in the class areas
affected by changed productive forest areas and the in-
crease of NP from 1,010 to 2,330 patches (Table 12). The
number of patches increased from 474 to 848 in 43 years;
however, the MPS of productive Calabrian pine areas
remained stable at 68 ha. The reasons for these changes in
Calabrian pine areas were mainly due to the net increase
of 25,376 ha in the class areas. Similarly, the area weight-
ed mean shape index (AWMSI) value increased from
15.2 to 17.4, mainly due to the substantial increase in
the AWMSI value of the Calabrian pine. However, patch
density value increased from 2.53 to 4.97 and patch size
coefficient of variation (PSCV (%)) value increased from
1,781.97 to 2,438.75 over 43 years. Last parameters
showed the level of fragmentation, as the largest patch
index (LPI) value decreased from 25.11 to 20.10
over43 years. All these changes, which include a remark-
able increase in productive forest areas, as well as an
increase in landscape fragmentation, show that the forest
has become more susceptible to harsh disturbances.

Discussion and conclusion

This study analysed the forest dynamics and spatiotem-
poral pattern of land use/land cover change over a

43-year period in the Karaisalı Forest Enterprise in
Turkey. The digitised stand maps from the periodically
renewed forest management plans of 1969, 1991, 2001
and 2012, along with GIS and FRAGSTATS, were used
to analyse land cover/forest dynamics and the spatial
configuration of forest resources. The quantitative evi-
dence of forest dynamics presented here show that there
were drastic changes in the temporal and spatial patterns
of stand parameters, especially on the regeneration class
and fully covered developmental stages of forests in the
study area.

The results of forest dynamics in the study area show
that the total forested areas (degraded and productive
forests) increased from 83,026 ha (58.22 %) to
86,062 ha (60.35 %) during the 43-year period. In other
words, cumulative forest improvement accounted for
2.12 % as a whole (3,026 ha) from 1969 to 2012. This
translates into an average annual forest improvement
rate of 0.08 %. Considering only the productive forest
areas, this represents an average annual productive for-
est improvement rate of 1.54 %. Similar results are also
shown in the analyses of reforestation and forest im-
provement of Turkey. Based on the assessment of in-
ventory results between 1963 and 1972, Turkey had
20,199,296 ha of forest area covering about 26.1 % of
the country's total land area. Now, based on the assess-
ment of the inventory results in the forest management
plans up to the end of 2012, Turkey has 21,678,134 ha
of forest area, accounting for about 27.6 % of the
country's total land area, and 99.9 % of the forest area
is owned by the state (GDF 2012). The results show that
the total forested areas increased by 1.44 million hect-
ares during the 40-year period. In other words, cumula-
tive forest improvement was calculated at 1.88 % as a

Table 8 The transition matrix of developmental stages in the study area from 1969 to 1991

1969 developmental
stages

1991 developmental stages

Open areas a ab b ba c d Degraded Total
Area (ha) Area (ha) Area (ha) Area (ha) Area (ha) Area (ha) Area (ha) Area (ha) Area (ha)

Open areas 48,224.1 785.6 164.2 1,141.5 1.7 3,545.7 343.1 5,354.3 59,560.2

a 221.4 12.3 0 31.4 0 206.3 15.5 205.1 692

aB 0 0 0 4.3 0 18.1 0 2.4 24.8

B 989.1 1,328.9 213.9 1,135.2 15.7 6,653.9 742.4 792.1 11,871.3

Bd 256.4 883.5 193.6 623.5 24.1 4,084.2 1,158.8 514.5 7,738.5

d 91.6 318.1 116.7 139.0 5.1 538.0 353.3 187 1,748.7

dB 586.3 1,810.8 440.6 948.8 129.3 5,639.1 2,868.9 1,675.6 14,099.4

Degraded 8,427.0 2,961.5 228.4 2,192.0 10.9 12,522.6 1,163.8 19,345.7 46,851.9

Total 58,795.9 8,100.6 1,357.4 6,215.6 186.8 33,207.9 6,645.8 28,076.8 142,586.7

Environ Monit Assess (2014) 186:2089–2110 2103



Fig. 10 Changes of stand parameters in the years 1969 (a), 1991 (b) and 2012 (c)
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whole and 7.32 % for the forested area of Turkey. Total
productive forest improvement increased by about
2.7 million hectares and degraded forests decreased by
about 1.22 million hectares. This comes to an average
annual total forest improvement rate of 0.17 %, an
average annual productive forest improvement rate of
0.66 % and an average annual rate of −0.28 % for
degraded forest areas disturbed. Generally, these ob-
served trends can be explained by plantation of degrad-
ed forestlands and open areas, natural regeneration on
lands abandoned as a result of migration from the vil-
lages inside or near the forests, increased public aware-
ness of and respect for the environment and, lastly,
forest sustainability managed by the General
Directorate of Forestry (GDF 2009). Considering only
the annual rate of total productive forest improvement,
this value in the study area (1.54%) is higher than that of
Turkey as a whole (0.66 %).

Similar results from other important research initia-
tives carried out in Turkey are also shown. A study by
Kadıoğulları et al. (2008) of the northeast region of
Turkey stated that the percentage of forest cover in the
Torul Forest Enterprise had increased from 42.95 % in
1984 to 51.20 % in 2005, based on stand-type maps.
This translates to an annual rate of forest improvement
of 0.92 %. Another study from the northeast region of
Turkey found that from 1972 to 2005, cumulative forest
improvement accounted for 2.06 % as a whole
(1,823 ha) and 14.13 % of the forested area of the
Yalnızçam and Uğurlu forest planning units. This is
calculated as an average annual rate of 0.40 % for forest
improvement (Kadıoğulları 2013). In addition, another
study in the western part of Turkey showed that from
1972 to 1993, cumulative forest improvement
accounted for 3.3 % of the İnegöl Forest Enterprise as
a whole (5,836 ha) and 9.73 % of the forested area of
İnegöl Province. This translates to an average annual
rate of 0.44 % for forest improvement (Başkent and
Kadıoğulları 2007). Contrasting data have been shown
for the northeast part of Turkey, where cumulative forest
disturbance from 1984 to 2007 accounted for 2.30 % of
the whole area of the Rize Forest Enterprise (2,299 ha)
and 4.52 % of the forested area of Rize Province. This
translates to an annual forest disturbance rate of 0.20 %
(Günlü et al. 2009). In addition to this study, another
study from the same region found that from 1971 to
1987, cumulative forest disturbance accounted for
0.52 % of the whole area of Gümüşhane Forest
Enterprise (2,271 ha) and 2.22 % of the forested areaTa
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of Gümüşhane Province. This converts to an annual
forest disturbance rate of 0.14 % (Kadıoğulları and
Başkent 2008).

Furthermore, as a whole, changes of crown closures
show that productive forest areas increased overall by
about 34,030 ha between 1969 and 2012; fully covered
forest areas increased by about 21,321 ha, low-coverage
forest areas increased by about 7,069 ha and degraded
forest areas decreased by about 31,000 ha. Considering
crown closures, productive forest areas and fully cov-
ered areas increased substantially. Developmental
stages, as another stand parameter, were also analysed
between 1969 and 2012. Overall changes showed that a
(a, ab) stages increased from 716 to 19,697 ha, d stages
(d, dB, de, e) decreased from 15,857 to 4,866 ha, and
young-mature forest areas (B and Bd stages in 1969 and
b, bc, c and cd stages in 2012) increased from 19,608 to
45,640 ha (Table 11). These changes show that regen-
erated, young and young-mature forest areas increased
remarkably and over-mature forest areas decreased sig-
nificantly. The Karaisalı Forest ecosystem, considering
developmental stages, was focused on young and
young-mature forests between 1969 and 2012. The re-
sults indicated that the increased productive forest areas
and fully covered areas with the decrease of the degrad-
ed and understocked forest have the potential to cause
an increased level of carbon storage in the landscape.
The similar results also provide favourable condition
and opportunity for the conservation of biodiversity as
the level of disturbance is better managed towards nat-
ural forest landscape.

In general, while the productive forest areas in-
creased remarkably and the total forest areas increased
slightly, qualitative analysis of the forest resources based
on crown closures and developmental stages showed
improvement. Forest improvement in the study area
was affected by successful silvicultural forest manage-
ment interventions, regeneration activities in degraded
and productive forest areas, reforestation activities in
open areas, fire ecology and a better response to the
ecosystem due to all the interventions made.

The spatial structure of the forest ecosystems was
also analysed in this study. The number of patches
(NP) and their sizes were relatively good spatial metrics
of landscape fragmentation (Southworth et al. 2004;
Echeverría et al. 2006a, b; Kadıoğulları 2013). The
general trend in the study area was towards an increase
in the number of fragments and isolation of patches, and
a decline in the mean patch size. The number of patches

increased from 474 to 848 and patch density value
increased from 2.53 to 4.97 over 43 years; however,
the MPS of productive Calabrian pine areas remained
stable at 68 ha. The reasons for these changes in
Calabrian pine areas were mainly due to the net increase
of 25,376 ha. Similarly, the AWMSI value increased
from 15.2 to 17.4, mainly due to the substantial increase
in the AWMSI value of Calabrian pine. All these chang-
es show that as landscape fragmentation increased, the
forest became more susceptible to harsh disturbances.

The possible reasons for the increased fragmentation
of the study area could be related to forest fires, con-
struction of dams, creation of firebreaks by the GDF,
regeneration and rehabilitation activities in degraded
forest areas and, lastly, reforestation activities in open
areas. At the same time, it is possible to indicate that the
decrease of social pressure on the forest ecosystem and
the increased quality of forest parameters were a result
of the decrease in the rural population in the study area
during the study period.

Remote sensing seems to be a valuable and cost-
effective tool for defining and understanding forest
structure with the help of land use/land cover change
analysis (Ozdemir and Karnieli 2011; Kadıoğulları and
Başkent 2008; Sağlam et al. 2008; Anderson et al. 2008;
Cho et al. 2009). However, it is limited due to its
resolution of old images as happens in Landsat™ and
other images (before 2000 year). Ironically, though, it is
also limited due to the high-resolution images with high
cost for wide area applications that require a high rate of
revisit (Wolter et al. 2009).

In conclusion, understanding land cover changes and
temporal and spatial variations in addition to
comprehending forest dynamics for the planning of
sustainable forest resources has become increasingly
important during the preparation of Ecosystem Based
Multi Objective (ETÇAP) forest management plans.
This study examined the forest dynamics using a num-
ber of spatial and non-spatial measurements or factors in
Karaisalı Forest Enterprise from the beginning of the
Turkish planning period (1963–1972) up to the present
using forest management plan data.
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