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IMPACTS OF SOCIO-ECONOMIC FACTORS ON CARBON
DYNAMICS IN BLACK SEA FORESTS: A CASE STUDY
FROM AKCAABAT FOREST PLANNING UNIT"

Derya MUMCU KUCUKER**

Abstract: Forest ecosystems play a crucial role in mitigat-
ing the negative impacts of global climate change as an
essential carbon sink. Land use and land cover change,
mainly deforestation, degradation, and afforestation,
have significantly affected carbon (C) stock. This study
analyzed the effects of land use and land cover changes
on forest C dynamics and its spatial distribution based on
demographic, socio-economic, and landscape structure in
the Akcaabat forest planning unit. Moreover, forest C dy-
namics in aboveground, belowground, deadwood, litter,
and soil were calculated separately based on forest inven-
tory data in 1984, 2008, and 2018. While the total C stock
increased by about 38.04% between 1984 and 2008, it in-
creased only by about 4.64% between 1984 to 2018 due
mainly to not including of non-state-owned areas covered
with forest trees (about 4369.40 ha) in the forest man-
agement plans developed based on land cadastre in 2018.
The most considerable contribution to the C pool was
from the soil by about 73.39%, 72.32% and 61.60% in
1984, 2008 and 2018, respectively. Deciduous cover
types, young and full covered forests, had the highest av-
erage C density with 442.61 Mg ha-1 49.65 Mg ha-1 and
144.47 Mg ha-1, respectively. Over three decades, the con-
version from degraded, forest opening, and non-forest ar-
eas to productive forests as well as increasing the quality
of forest structure characterized by increasing mixed for-
est, young or mature development stages, and full covered
forests has contributed positively to the C stock. This in-
crease in the quality of the forest can be explained by con-
version abandoned agriculture areas to forested areas
with migration, reduction of social pressure on forested
areas based on decreasing forest crime, and increasing
forest crime, and increasing aware awareness and in-
creasing awareness and sensitivity to the environment
based on economic development. Analyzing the spatio-
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temporal patterns and driving factors of carbon
dynamics are critical in developing appropriate
planning strategies to control climate change.

KARADENiZ ORMANLARINDAKI SOSYO-
EKONOMIK FAKTORLERIN KARBON
DINAMIKLERiI UZERINE ETKiSi: AKCAABAT
ORMAN ISLETME SEFLiGi ORNEGi

0Oz: Onemli bir karbon havuzu olan orman eko-
sistemleri, kiiresel bir iklim degisikliginin
olumsuz etkilerini azaltmada 6énemli bir rol {ist-
lenmektedir. Arazi kullanim ve arazi ortiisii de-
gisikligi, 6zellikle ormansizlasma, orman yapi-
smin bozulmasi ve agaglandirma, karbon (C)
stokunu 6nemli 6lclide etkilemektedir. Bu ca-
lisma, Akcaabat orman planlama birimindeki
demografik, sosyo-ekonomik ve orman yapisi
gibi faktorlere bagh olarak arazi kullanim ve
arazi ortlisi degisikliklerinin orman C dinamik-
leri ve konumsal dagilimi tizerindeki etkilerini
incelemistir. Ayrica, 1984, 2008 ve 2018 yilla-
rinda toprak iistii, toprak alti, 6lii odun, 6l orti
ve topraktaki C dinamikleri, orman envanteri
verilerine gore ayri ayri hesaplanmistir. 1984
ve 2008 yillar1 arasinda toplam C stoku %38.04
oraninda artarken, 2018'de sadece %4.64 ora-
ninda artmistir. Karbon stokundaki artisin diis-
mesinin temel sebebi arazi kadastrosu dikkate
alinarak hazirlanan 2018 yili amenajman pla-
ninda kadastro dis1 agaghi alanlar (yaklasik
4369.40 ha) orman dis1 alan olarak degerlendi-
rilmesidir. Karbon stokuna en Onemli katki
1984, 2008 ve 2018 yillarinda sirasiyla %73.39,
%°72.32 ve %61.60 oranlarinda topraktan sag-
lanmistir. En yiiksek ortalama karbon yogun-
lugu 442.61 Mg ha-149.65 Mg ha-1ve 144.47 Mg
ha-1 ile genis yaprakli, genclik gelisim ¢agin-
daki ve tam kapali ormanlardan saglanmigtir.
Otuz yil1 agkin bir siiredir, bosluklu kapaliliga
sahip alanlar, orman ic¢i agikliklar ve orman disi
alanlardan verimli ormanlara doniisiimiin yani
sira, karisik orman, gen¢ veya olgun gelisim
asamalari ile tam kapali ormanlarin artmasiyla
karakterize edilen orman yapisinin kalitesini
artirmasi, karbon stokuna olumlu katkilar sag-
ladi. Ormanin kalitesindeki bu artis, terkedilmis
tarim alanlarinin gogle ormanlik alanlara do-
nistiirilmesi, orman suglarinda azalmaya da-
yal1 ormanlik alanlar tizerindeki sosyal baskinin
azaltilmasi ve ekonomik kalkinmaya dayali ola-
rak cevreye duyarliligin artirilmasi ile agiklana-

' Meng et al., 2016.

2 Ketizmen, 2011.

3 Watson et al., 2000.
4 UNFCCC, 2008.

bilir. Karbon dinamiginin zamansal ve konum-
sal degisimi ve bu degisime etki eden faktorle-
rin analizi, iklim degisikligini kontrol etmek
i¢in uygun planlama stratejilerinin gelistirilme-
sinde kritik 6nem tasimaktadir.

1. Introduction

Climate change is a crucial environmental
threat affecting populations due to the
greenhouse effect of CO2." Developments
related to climate change in recent years
have shown that forest ecosystems have an
essential role in global climate change and
the carbon (C) cycle. C sequestration in
forest ecosystems has attracted many re-
searchers and policymakers due to large C
capacity in forest ecosystems account for
75% of the atmospheric CO2.? Forest eco-
systems are the most important terrestrial
ecosystems3 that absorb large amounts of
C from the atmosphere and store them in
their living biomass, soil, litterfall, and
deadwood. According to the Kyoto proto-
col, each signature country, is responsible
for monitoring, estimate, and submit C
stock change.# On a global scale, total car-
bon stock in forest ecosystems came from
mostly forest biomass, and soil accounted
for 53% and 39%, and the rest was from
deadwood and litterfall.> Besides, of
stocked about 1.9 Gt C® in forest ecosys-
tems in Turkey, 62.6% and 32.3% were ob-
tained from soil organic matter and living
tree biomass, respectively.”

Forest C storage capacity depends mainly
on the quality of forest ecosystem struc-
ture and composition. Recently, the for-
ested areas in the world are decreased, and
the forest structures deteriorated, result-
ing in climate change and global warming
in the entire world due to natural or an-
thropogenic effects and land-use land
cover changes. The amount of C stock in
forest biomass has decreased over the last
25 years due mainly to the conversion of
forest areas to agricultural and settlement
areas and the destruction of forest areas.®

5 FAO, 2015.

6 Anonymous, 2016.

7 Tolunay et al., 2018.
8 FAO, 2015.
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Forest stand characteristics (tree species,
diameter, basal area, height, age, and
growing stock), soil characteristics (soil
depth, texture, and pH), climate character-
istics, and topographic characteristics af-
fect the amount of fixed C.°

The effects of Land Use and Land Cover
Change (LULCC) on C stock are regarded as
an essential mechanism in controlling cli-
mate change.® The role of forest ecosys-
tems was highlighted both as sources and
sink." Forest C stock can increase by affor-
estation, rehabilitation, restoration, and
sustainable planning. However, decrease
the quality of forest structure, a decrease
in forest areas, conversion of forested ar-
eas to non-forest lands such as agricultural
land, natural events such as pest outbreaks
or wildfire damage, and an increase of C
emissions can decrease C storage.’? Some
researches indicated silviculture and for-
est management interventions enhance to
increase forest C sink and reduce emis-
sions.'3 Nosetto et al. (2006) demonstrated
that afforestation activities increased by
50% of C storage.

Population dynamics,'4 socio-economic de-
velopments,’ and increased environmen-
tal awareness are driving forces on LULCC
induced climate change. Whereas the in-
crease in rural populations who need for-
est products for their livelihoods increases
the pressure on forests directly on the ba-
sis of the number of forest crime, decreas-
ing rural population based on the abandon-
ment of agricultural lands and increasing
environmental awareness on the basis of
increase welfare level affect positively on
forested areas, then C stock change.®

9 Tolunay, 2011.

° Houghton and Hackler, 2000; Liu et al., 2006; IPCC,
2007.

 Brown et al., 1996; Folland et al., 2001.

2 FAO, 2010.

3 Baskent and Kucuker, 2010; Kucuker and Baskent,
2010; Noormets et al., 2015.

4 Ramankutty et al., 2002.

5 Yang et al., 2014.

¢ Tuyoglu, 2020.

7 Cannell et al., 1992; Dixon et al., 1994.

The historical dynamics of forest structure
is a significant challenge in the manage-
ment of forest resources.'” The changes in
forest structure in terms of tree species,
canopy cover, development stages and
stand ages under complex socio-economic
conditions strongly influence C storages in
forest ecosystems.® Numerous studies on
the impact of spatiotemporal changes in
forest ecosystems on biomass C have been
conducted.’ In recent years, while several
studies have reported on the effects of
LULCC on Soil Organic Carbon (SOC)
stocks and SOC sequestration,2° only lim-
ited research attention has been paid to the
effects of land-use changes on various C
pools.?* Additionally, a few studies sug-
gested negative relationships between for-
est carbon stock and the human popula-
tion.?? However, almost no studies have
been indicated the influence of socio-eco-
nomic dynamics.

The overall objective of this research was
to analyze the effects of driving factors on
spatiotemporal patterns of forest C dynam-
ics in the Akcaabat forest planning unit.
The specific objectives were to determine
(1) contribution of various C pools in suc-
cessive periods (1984, 2008 and 2018) to
forest C stock, (2) the influence of forest
dynamics (land cover type, development
stages, age class, and canopy cover), rural
population dynamics and socio-economic
structure such as forest crime change on C
stocks and (3) the effects of forest owner-
ship based on land cadastre on C stock (4)
the spatial distribution maps of forest C
dynamics in the study area between 1984
to 2018.

18 Zhou et al., 2008; Ren et al., 2011.

9 Sivrikaya et al., 2007; Yang and Guan, 2008; Hu and
Wang, 2008; Muiioz-Rojas et al., 2011; Sivrikaya et
al., 2013; Guo et al., 2013; Giinlii et al., 2019; Yang et
al., 2017.

2°Wellock et al., 2011; Ruiz Sinoga et al., 2011; Novara
et al.,, 2012; Ren et al., 2014; Mufioz-Rojas et al., 2015.
21 Zhou et al., 2008; Arevalo et al., 2009; Kaul et al.,
2009; Chen et al., 2019.

22 Wang et al., 2001; Yang et al., 2014; Degermenci
and Zengin, 2016; Yang et al., 2017; Giinlii et al., 2019.
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2. Material and Methods
2.1. Study Area

In the present study, the Akcaabat forest
planning unit was selected as the study
area. The planning unit situated in Trabzon
city in north Turkey covers an area of
32,958.8 ha, 26.8% of which is forested.
The altitude ranges from 0 m on the coast
of the Black sea to 1990 m asl. The forested
areas are characterized by steep terrain
with an average slope of 50%. The vegeta-
tion type of the area is primarily composed
of the association of beech (Fagus orien-
talis), hornbeam (Carpinus betulus), alder
(Alnus glutunosa), oak (Quercus sp.),
spruce (Picea orientalis), scots pine (Pinus
sylvestris), chestnut (Castanea sativa) and
stone pine (Pinus pinea).

2.2. Forest Inventory Data

Forest inventory data in association with
topographic maps and the forest cover type
maps at 1/25000 scale in 1984, 2008 and
2018 prepared by General Directorate of
Forestry were used to evaluate temporal
and spatial patterns of forest C dynamics
in the Akcaabat forest planning unit. Grow-
ing stock per hectare of each stand type
was obtained from the Akcaabat forest
management plans in 1984, 2008, and
2018.23 Unlike the forest cover type map in
1984, the maps in 2008 and 2018 were
provided from Trabzon Regional Direc-
torate of Forestry as a digitalized format.
Thus, the forest cover type map of the
study area in 1984 was digitized with
ArcGIS 10TM with maximum root mean
square error under 5 meters and built a
spatial database.

2.3. Estimation of Carbon Stocks

Because deadwood (DW), litterfall and soil
in forest ecosystems in addition to above

23 Anonymous, 1984, 2008, 2018.

and belowground biomass (AGB, BGB)
make a serious contribution to forest C
stock, forest C stock was calculated as the
total amount of C stored in these C pools.
To calculate forest C stock change between
periods Stock-Difference Method was used
because forest inventory in Turkey is based
on periodic measurement. While C stock in
biomass was predicted based on growing
stock inventory data, litter and soil C stock
was estimated based on area inventory
data. Annual C stock change between two
periods and the C stock in the AGB and BGB
were calculated based on Agriculture, For-
estry and Other Land Use (AFOLU) guide-
lines (IPCC, 2006) with the following
Equation [1] and [2].

AC= (Ct2-Ct1)/(t2-t1) (1)
CLB= (GS x BCEFI) x (1+R) x CF (2)

Where AC is the annual change in forest C
stock (t/ha/yr), Ct1 and Ct2 are the C
stocks in t1 and t2 years, respectively. CLB
is the C stock in the living biomass (t), GS
is the growing stock volume (m3), BCEF1 is
the factor for conversion and expansion of
stem volume to AGB (t/m3), R is the root
to shoot ratio, CF is the carbon fraction of
dry matter (tC). BCEF1 is determined by
multiplying of wood density (WD) and bio-
mass expansion factor (BEF) coefficients.?4

AGB was calculated with a multiplying of
growing stock volume and BCEF. The BGB
was estimated by multiplying AGB and R
coefficient. For this purpose, the species-
species WD and BEF coefficients reported
for each tree species in Turkey’s forests
were derived from Tolunay (2013) and R
and CF ratios given for temperate zone for-
ests in Agriculture, Forestry and Other
Land use (AFOLU) derived from IPCC
(2006). The used parameters were listed
in Table 1 and Table 2.

24 TPCC, 2006.
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Tree species WD (t/m3) BEF BCEF (t/m3)
Pinus sylvestris 0.4262 1.247 0.531
Pinus pinea 0.470° 1.310 0.616
Picea orientalis 0.3582 1.132 0.405
Alnus glutunosa 0.4072 1.103 0.449
Quercus sp. 0.5702 1.322 0.754
Castane sativa 0.480¢ 1.320 0.634
Fagus orientalis 0.530°2 1.305 0.692
Carpinus betulus 0.630¢ 1.482 0.934
Coniferous 0.4464 1.212°¢ 0.541
Deciduous 0.541¢ 1.310¢ 0.709

2As et al. (2001); ® Erten and Sozen (1997); “IPCC (2003); ¢ the generalized coefficients

of coniferous and deciduous?®

Table 1. WD, BEF and BCEF values of tree species in the study area?®

Vegetation Types Aboveground Biomass

Root to Shoot Rate Carbon Fraction

<50 0.40
Coniferous 50-150 0.29 0.51

>150 0.20

Quercus sp. >70 0.30
' <75 0.46 0.48

Deciduous 75-150 0.23

>150 0.24

Table 2. R and CF coefficients for different vegetation types according to AFOLU guidelines?7

C stock of deadwood in the forest was esti-
mated with the following formula (Equa-
tion [3]). In this s and CF were used as 1%
and 0.47, respectively.

DWC=AGB x s x CF 3)

Where DWC is C stock in deadwood carbon
pool (ton), s is the ratio of deadwood bio-
mass to aboveground biomass.

The litterfall and soil C stocks were pre-
dicted by multiplying the size of forest area
and country-specific litter or soil organic C

content in Equation [4] and Equation [5],
respectively. The country-specific coeffi-
cients for tree species groups in degraded
and productive areas were listed in Table
3.28

LC=F xr (4)

(5)

LC is litter carbon pool (ton), SOC is soil
organic C pool (ton), F is the size of forest
area (ha) and r is carbon content (t C).

SOC=Fxr

Carbon in Litterfall (t/ha)

Soil Organic Carbon (t/ha)

Vegetation types Productive Degraded Productive Degraded
Coniferous 7.46 1.86 76.56 19.14
Deciduous 3.75 0.93 84.82 21.20

Table 3. Country specific litterfall and soil organic carbon contents (t/ha) according to vegetation

types and productivity?°

5 Tolunay, 2013.

26 Tolunay, 2013.

27 IPCC, 2006.

28 Tolunay and Cémez, 2008.
29 Tolunay and Cémez, 2008.
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3. Results and Discussion

3.1. Temporal Change in Carbon Pools
from 1984 to 2018

Total C storages in forest ecosystems in the
Akcaabat forest planning unit changed
from 1071.86 Gg in 1984 to 1479.67 Gg and
1121.57 Gg in 2008 and 2018, respectively.
Thought the net C accumulation was about
by 407.79 Gg (38.04%) between 1984 and
2008, it was only about by 49.69 Gg
(4.64%) between 1984 and 2018. The re-
sult can be explained by a dramatic in-
crease in the growing stock of the forested
area over the periods. AGB and BGB
changed from 578,612 tons in 1984 to
1,201,734 tons in 2008 and to 1.399,632
tons in 2018. Total C density increased
from 86.87 Mg ha-1 in 1984 to 111.46 Mg
ha-1 in 2008 and 126.87 Mg ha-1 in 2018.
In addition, annual forest C accumulation
rates were 1.46 Gg yr-1 and 1.18 Mg ha-1
yr-1 between 1984 and 2018 (Table 4).
When compared the annual forest C accu-

mulation rate in the current study with re-
vious studies made for different forest eco-
systems in Turkey, it was shown that the
calculated rate was higher than the rates in
almost all studies. For instance, Tolunay
(2011) calculated C accumulation rate for
Turkey forests as 0.21 Mg ha-1yr-1. Sivri-
kaya et al. (2007) estimated this rate as
0.67 Mg ha-1yr-1 in Artvin planning unit
and 0.04 Mg ha-1yr-1 in the Camili plan-
ning unit. While Sivrikaya and Bozali
(2012) found it as 0.11 Mg ha-1yr-1 in Ti-
rkoglu planning unit, Sivrikaya et al.
(2013) calculated it 0.07 Mg ha-1yr-1 in
Hartlap planning unit. The main reason for
predicting higher rate C accumulation in
our study most probably is to including of
deadwood, litterfall, and SOC stocks as
well as above and below biomass stock. Be-
sides, preferring species-species coeffi-
cients of WD and BEF rather than general
coefficients for tree groups. Also, Tuyoglu
(2020) predicted it 0.08 Mg ha-1yr-1 in the
Hisar planning unit.

Total Carbon

Carbon Density

Carbon Accumulation

ﬁ:‘:l’:n (Gg ©) (Mg ha') Rate (1984-2018)
1984 2008 2018 1984 2008 2018 Gg Cyr' Mg ha'lyr?
AGB 206.58 299.8 332.09 16.74 22.58 37.57 3.69 0.61
BGB 76.75 106.95 95.4 6.22 8.06 10.79 0.55 0.13
DW 1.97 2.86 3.15 0.16 0.22 0.36 0.03 0.01
Litterfall 40.36 56.52 39.58 3.27 4.26 4.48 -0.02 0.04
SOM 746.22 1013.54 651.35 60.47 76.35 73.68 -2.79 0.39
Total 1071.86 1479.67 1121.57 86.87 111.46 126.87 1.46 1.18

Table 4. Temporal changes in carbon dynamics in different carbon pools

Spatial distribution maps of C stock in
Akcaabat forest planning unit for 1984,
2008, and 2018 are shown in Figure 1. Ac-
cording to the maps, about 62.02%,
59.69%, and 73.18% of the total area in
1984, 2008 and 2018, respectively, did not
contain C budget due to lack of growing
stock. Of the whole area, about 13.45%,

13.08%, and 11.45% stored C under 2.0 Gg,
between 2.1-5.0 Gg and over 5.0 Gg, re-
spectively, in 1984 (Figure 1a). While the
area rates in these C level ranged for about
24.76%, 11.48% and 4.07% in 2008 (Fig-
ure 1b), the rates ranged for about 16.27%,
7.91% and 2.64, respectively in 2018 (Fig-
ure 1c).



127 ... A Case Study from Akcaabat Forest Planning Unit
532000 540000 548000 54000‘0 54500.0 54000.0 mno:)
C stock (Gg C) 1984 C stock (Gg C) 2008 C stock (Gg C) 2018
N

g g
1 L
E

§- &
g g
& rg
2 g
] i
g Non-forest [l 21-3 I 5 1-¢| b

012 4 8 8 <t . o e
112 I-4 15

632000 548000 540000

548000

Fig. 1. Spatial distribution maps of C stock in 1984 (a), 2008 (b) and 2018 (c)

Spatial distributions of the total C density
of the Akcaabat Planning Unit in 1984,
2008, and 2018 are shown in Figure 2. The
results showed that the area mainly
clumped into 100-150 Mg ha™ of total C

532000 540000 548000

density with 17.52%, 25.96%, and 13.53%,
respectively in 1984, 2008, and 2018. Be-
sides, about 13.81% of the total area in
1984 clumped into under 0-50 Mg ha™.
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Fig. 2. Spatial distribution of C density in 1984 (a), 2008 (b) and 2018 (c)

The carbon stocks in each C pool gradually
increased in successive inventory years,
except for a reduction in BGB during 2008-
2018, in litterfall and soil organic material
(SOM) during 1984-2018. SOM contributed
more than the other C pools, which ac-
counted for 69.62%, 68.50%, and 58.07%
of total C stock in the forest ecosystem in
1984, 2008, and 2018, respectively. The
highest forest biomass C was obtained in
2018 by about 38.11% of total C stock due
to higher growing stock. In contrast, forest

biomass C in 1984 and 2008 was accounted
for approximately 26.43% and 27.49%, re-
spectively. C accumulation rates in each C
pools for aboveground, below-ground,
deadwood, litterfall, and SOM were ac-
counted for by 3.69 Gg yr?, 0.55 Gg yr7,
0.03 Gg yr, -0.02 Gg yr', and -0.27 Gg yr~
! between 1984 and 2018 (Table 4, Figure
3a). The C densities in each C pool showed
an increasing trend from 1984 to 2018 ex-
cept for a slight decrease in SOM from
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2008 to 2018. The most considerable con-
tribution of total C density was from SOM,
which accounted for 60.47 Mg ha™, 76.35
Mg ha™, and 73.68 Mg ha™ in 1984, 2008,
and 2018, respectively. C densities in
aboveground biomass ranged from 16.74
Mg ha™ in 1984 to 22.58 Mg ha™ in 2008
and 37.57 Mg ha' in 2018 (Table 4, Figure
3b). The results showed that estimating C
stock in forest ecosystems without the
other carbon pools, especially SOM, can
cause underestimate of C dynamics. Chen
at al. (2019) demonstrated that the more
considerable contribution to C storage in
forest ecosystems was from soil and bio-
mass pools accounting for 95.4% for Hu-
nan province, China. Similarly, Zhou et al.
(2008) figured out that C stock in litterfall
and understory vegetation contributed to
approximately 38%-44% of total C stock.

1800
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Fig. 3. Temporal change of forest C stocks (a)
and C densities (b) based on different carbon
pools. (AGB: Aboveground biomass, BGB: Below
ground biomass, DW: Deadwood, and SOM: Soil
Organic Material)

3.2. Driving Factors on Carbon Dynamics

3.2.1. Total Carbon Storage in Different
Land Use/Cover Classes

Temporal change of total C stock for the
different land cover types is shown in Fig-
ure 4. While the total C stock of coniferous
forest showed an increasing trend, the to-
tal C stock of deciduous forest showed a
decreasing and then increasing trend.
However, while total C stock was increas-
ing in degraded areas, it was increasing
and decreasing in a mixed forest. The
changing forest areas for land cover types
from 1984 to 2018 resulted in a changing
trend in total C stock. Among various land
cover types, deciduous forest in 1984 with
564.58 Gg and mixed forest in 2008 and
2018 with 925.99 Gg and 474.46 Gg, re-
spectively, were the largest contributor to
total C stock. The contribution of pure co-
niferous and deciduous forests to total C
stock was about 74.47%, 35.12%, and
54.92% in 1984, 2008 and 2018, respec-
tively. Besides, mixed forests contributed
to total C stock accounted for 14.4%,
62.58%, and 42.3% in 1984, 2008 and
2018, respectively. It can be explained by
the larger forest area in these cover types
(Figure 4a). Though the forested area in
the study is importantly decreased from
12339.16 hain 1984 to 8840.08 ha in 2018,
total C stock increased from 1071.88 Gg to
1121.57 Gg. The main reason for a low in-
crease is that in the forest management
plan developed based on land cadastre in
2018, approximately 4369.40 ha of land,
non-state forest areas covered with forest
trees, are not registered as forested areas
and excluded in the forest management
plan. The total C density of all land cover
increased from 1984 to 2018. While the
highest C density obtained in the conifer-
ous forest, the lowest C densities were ob-
tained in degraded areas in 1984, 2008,
and 2018 (Figure 4b). The results showed
that conifer and mixed forests have the
highest contribution of C stock due to
growing stock in these areas.
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Fig. 4. Temporal change of total C (a) and C
density (b) in land cover types

To explain the total C stock change for each
land cover class, both the change in the
quality of forest ecosystem structure and
the size of forested areas from 1984 to

2018 were analyzed. Though the total area
of the planning unit increased about 470
ha due to the extended boundary of the
planning unit from 32,488.16 ha in 1984 to
32,958.78 ha, the forested lands decreased
about 3499.08 ha from 12339.16 in 1984 to
8840.08 ha in 2018. Even though reducing
of forested areas, the change in the quality
of forest ecosystem structure contributed
positive effect on carbon stocks between
1984 and 2018. Conversion from degraded
and coppice areas to high and productive
pure and mixed forests by about 24.60%
and 26.01%, respectively, from forest
opening areas to productive pure, mixed
and degraded areas, by about 10.45%
4.93% and 7.70%, respectively, of non-
forest lands to productive pure, mixed and
degraded forests by about 1.45%, 1.34%,
and 1.45%, respectively contributed car-
bon contents (Table 5). Besides, the con-
version of deciduous and coniferous for-
ests to the mixed forest by about 26.28%
and 6.25%, respectively, caused the
change of main carbon sink from the decid-
uous forest in 1984 to the mixed forest in
2018. Previous studies supported that con-
version of some areas to forested areas re-
sulted in a significant increase in total C
stock.3°

M Deciduous Coniferous Mixed Degraded Ol;zl;ﬁitg Non-forest T(‘E:a;l
Deciduous 1353.61 2.88 1324.82 216.42 87.77 2056.2 5041.7
Coniferous 4.15 1008.75 103.49 42.43 22.98 474.51 1656.31
Mixed 110.55 2.32 435.01 34.04 6.21 531.26 1119.39
Degraded 713.01 384.31 1160.15 580.15 120.79  1502.73  4461.14
:;Z(:li:)g 7.87 17.05 11.77 18.36 13.17 170.36 238.58
Non-forest 200.62 85.71 265.95 286.96 245 18720.21 19804.45
Total (ha) 2389.81 1501.02 3301.19 1178.36 495.92 23455.27 32321.57

Table 5. Transitions between lands cover types from 1984 to 2018

3¢ Sivrikaya et al., 2007; Sivrikaya et al., 2013; Sivri-
kaya and Bozali, 2012; Chen et al., 2019; Tuyoglu,
2020.
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3.2.2. Total Carbon Storage in Different
Development Stages

As shown in Figure 5, the total C storage of
regenerated forest (“a” development
stages) decreased consistently. In contrast,
the total C storage of young (“b” develop-
ment stages) slightly increased initially
and then decreased after 2008. Total C
pool of regenerated forests changed from
7.06% in 1984 to 4.82% in 2008 and
2.30% in 2018, respectively. Total C pool
of young forests changed from 56.28% in
1984 to 59.07% in 2008 and 33.59% in
2018, respectively. Unlike the constant in-
crease in total C storage of mature forest
(“c” development stages) from 21.24% in
1984 to 32.39% in 2008 and to 57.26% in

2018, respectively, the total C storage of
over-mature forest decreased initially and
then increased from 4.29% in 1984 to
1.43% in 2008 and 4.07% in 2018, respec-
tively (Table 6).

While the most considerable contribution
to total C stock occurred from the young
forest in 1984 and 2008 accounted by
56.28% and 59.07%, respectively, it was
from mature forest 2018 accounted for
57.26% (Figure 5a). While over-mature
forests contributed to the lowest total C
stock in 1984 and 2008 with 4.29% and
1.43%, respectively, regenerated areas
contributed to the lowest total C stock in
2018 due to the size of the forested land.

Development Stage Total Carbon

Carbon Density Carbon Accumulation

*(Criteria Average (Gg O (Mg ha™) Rate (Gg C yr™)
dbh) 1984 2008 2018 1984 2008 2018 1984-2018

a 75.69 71.29 25.77 94.61 88.28 86.41 -1.47

b 603.27 874.01 376.77 118.69 112.1 122.08 -6.66

[ 227.68 479.23 642.19 132.33 151.5 159.22 12.19

d 45.96 21.16 45.66 184.01 186.85 209.22 -0.01
Degraded 119.28  33.98 31.18 26.59 24.38 25.90 -2.59
Total 1071.88 1479.67 1121.57 86.87 111.46 126.87 1.46

* a (regenerated): dbh<8cm, b (young): 8-19.9 cm, ¢ (mature): 20-35.9 cm, d (over-mature): >36 cm

Table 6. Temporal changes of C dynamics in development stages
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Fig. 5. Temporal change of total C (a) and C density (b) in development stages

Figure 5b showed that the C densities of
mature and over-mature forests were in-
creasing trends, while the C density of the
regenerated forest was decreasing. How-
ever, the C density of the young forest

showed a decreasing and then an increas-
ing trend after 2008. While the most con-
siderable contribution to total C densities
was obtained by over-mature forest in suc-
cessive periods with 184.01 Mg ha™, 186.85
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Mg ha, and 209.22 Mg ha™, the lowest
contribution was received by regenerated
forest with 94.61 Mg ha™”, 88.28 Mg ha™
and 86.41 Mg ha'1 due to growing stock
(Table 6). The average total C densities for
each development stage were 89.77 Mg ha-
', 117.62 Mg ha?, 147.68 Mg ha, and
193.36 Mg ha™ by regenerated, young, ma-
ture and over-mature development stages
respectively. While the area was mostly
clumped into young forests by about
56.28% in 1984 and 59.07% in 2008, the
area was stamped into the mature stage
with 57.26% in 2018. Conversions of de-
velopment stages from 1984 to 2018
showed that regenerated forest converted

to the young, mature and over-mature for-
est about by 60.9%, young areas converted
to mature and over-mature forests about
by 24.77%, mature areas converted to the
over-mature forest by about 7.88%, de-
graded areas converted to the high produc-
tive forest about by 50.61% and forest
opening and non-forest areas converted to
the high productive forest about by 2.94%
(Table 7). The positive transitions from de-
graded, coppice, forest opening areas, and
non-forest areas to productive high for-
ests, increasing forestland through affor-
estation, and changing to older develop-
ment stages have more growing stock led
to increasing forest coverage and total C
stock in forest ecosystems.

1984 018 a b c d  Degraded Forest Non-forest Total(ha)
opening

a 34.89 416.37 70.58 0.12 43.78 10.8 223.29 799.83

b 54.81 967.82 1212.89 39.73 153.27 72.08 2558.28 5058.88
[ 18.42 201.78 1008.68 135.03 77.68 30.27 242.41 1714.27

d 8.75 31.57 130.25 13.89 18.16 3.81 37.99 244.42

Degraded 154.19 1122.84 958.16 22.28 580.15 120.79 1502.73 4461.14

Forest 2.9 10.74 20.59 2.46 18.36 13.17 170.36 238.58

Opening

Non-forest 20.42 299.66 228.45 3.75 286.96 245 18720.21 19804.45
Total (ha) 294.38 3050.78 3629.6 217.26 1178.36 495.92 23455.27 32321.57

Table 7. Transitions between development stages from 1984 to 2018

3.2.3. Total Carbon Storage in Different
Canopy Cover Types

The lowest total C stock obtained in de-
graded areas whose canopy cover is under
10% with 119.28 Gg, 33.98 Gg, and 31.18
Gg in 1984, 2008, and 2018, respectively,
due to low amount of forestland and above-
ground forest biomass in degraded areas.
Whereas the total C stock in full covered
stands whose crown closure is higher than
70% was the highest in 2018 with 574.36
Gg, the total C stock in the middle covered
stands whose crown closure between
40%-70% was the highest in 1984 and
2008 with 598.88 Gg and 1015.27 Gg, re-
spectively (Figure 6a). While the total C
stock in degraded and low covered forests
showed a decreasing trend, the total C

stock in full covered forests showed an in-
creasing trend from 1984 to 2018. The
temporal change of total C stock in middle
covered forests showed an increasing and
then decreasing trend.

The total C density in full covered forests
increased from 1984 to 2018, unlike total C
density in the rest of canopy cover classes
(Figure 6b). The maximum C densities ob-
tained in the full covered areas with 154.82
Mg ha™ and 157.32 Mg ha™ in 2008 and
2018, respectively. However, the C densi-
ties in the middle and the full covered for-
ests with 123.34 Mg ha™ and 121.28 Mg ha’
'in 1984 were very close to each other. As
expected that the minimum C densities oc-
curred in degraded areas for all successive
periods accounted for 26.59 Mg ha, 24.38
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Mg ha, and 25.90 Mg ha™ (Table 8). The
results indicated that full covered forests
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play a critical role in C sequestration due
to their greater growing stock.
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Fig. 6. Temporal change of total C (a) and C density (b) in canopy cover

Total Carbon

Carbon Density Carbon Accumulation

Canopy Cover (Gg©O) (Mg ha™) Rate (Gg C yr-1)
(Criteria % Cover)
1984 2008 2018 1984 2008 2018 1984-2018
1-Low (11%-40%) 232.53 174.92 096.81 116.34 101.64 109.09 -3.99
2-Middle (41%-70%) 598.88 1015.27 419.22 123.34 119.31 135.32 -5.28
3-Full (71%-100%) 127.19 255.5 574.36 121.28 154.82 157.32 13.15
D-Degraded (<11%) 119.28 33.98 31.18 26.59 24.38 25.90 -2.59
Total 1071.88 1479.67 1121.57 86.87 111.46 126.87 1.46

Table 8. Temporal changes of total C dynamics in canopy cover

Transitions from the low covered stands to
medium and the full covered stands which
accounted for 60.2%, from the medium
covered stands to the full covered stands
which accounted for 25.13%, from the de-
graded areas to medium and the full cov-
ered productive forest areas which ac-
counted for 43.63%, from non-forest areas
to forested areas which accounted for
2.42% from 1984 to 2018 increased the to-
tal C stocks (Table 9). Over 34 years, while
the extended boundary of the planning unit

from 32,488.16 ha to 32,958.78 ha, the de-
creasing of forested areas from 12339.16
ha to 8840.08 ha caused a negative effect
on total C stock. However, the increase in
quality of forest structure in terms of can-
opy closure and development stages, some
management interventions such as affor-
estation of degraded and bare forest lands
and conversion of the abandoned areas to
forested areas due to rural migration affect
positively to growing stock of existing for-
ests and total C sequestration.

1984 2018 1-Low  2-Middle 3-Full Degraded Non- Fore_St Total
forest Opening (ha)
1-Low (11%-40%) 179.59 714.89 476.93 119.83 48.64 440.04 1979.92
2-Middle (41%-70%) 225.81 960.02 1209.95 148.12 62.29 2207.82 4814.01
3-Full (71%-100%) 53.18 116.54 408.67 24.94 6.03 414.11 1023.47
Degraded (<11%) 311.15 953.47 992.85 580.15 120.79 1502.73 4461.14
Non-forest 5.31 14.5 16.88 18.36 13.17 170.36 238.58
Forest Opening 98.46 283.21 170.61 286.96 245 18720.21 19804.45
Total (ha) 873.5 3042.63 3275.89 1178.36 495.92 23455.27 32321.57

Table 9. Transitions between canopy cover from 1984 to 2018



133 ... A Case Study from Akcaabat Forest Planning Unit

3.2.4. The Effects of Forest Ownership
Based on Land Cadastre on Carbon Stock

While the boundary of the planning unit
has extended from 1984 to 2018 with about
472.62 ha, interestingly, the forested areas
decreased in his period based on the cur-
rent forest management plan. The forested
area in the planning unit was 12,339.16 ha,
13,275.13 ha, and 8840.08 ha in 1984,
2008, and 2018, respectively. According to
the new guide for preparing forest man-
agement plans,3' non-state-owned areas
covered with forest trees must be shown as
only KDA in forest management plans. Ac-
cording to the forest management plan de-
veloped based on land cadastre in 2018, the
forested area importantly decreased,
which accounted for 28.36% between 1984
and 2018. It was obtained that a total of
4369.40 ha area, which has been covered
with forest trees, were not considered for-
ested areas based on the cadastral applica-
tions. This cadastral area not considered
forestland corresponds to approximately
49.43% of the state forested area in the
forest management plan for 2018. Because
these areas were not included in the cur-
rent forest management plan due to own-
ership, showing areas covered with forest
trees as non-forest areas resulted in an un-
derestimation of total C stock, and the in-
crease in total C stock between 1984 and
2018 accounted for only 4.64%. According
to regulations, if there were actual stand
types in the forest management plans de-
veloped based on land cadastre in 2018 in-
stead of KDA, the forest presence would
have increased by about 50% and the total
C stock would be estimated at a higher and
real value.

Spatial distributions of the land cover
change between 1984 and 2018 in the
Akcgaabat planning unit are shown in Fig-
ure 9. According to the map, of total area,

3 Anonymous, 2014.

1.80%, 13.44%, and 59.25% were un-
changed areas from degraded, forestland,
and non-forest lands, respectively. Be-
sides, of total area 6.98% converted from
degraded areas to forestland, 5.02% con-
verted to non-forest areas, 0.91% con-
verted from forestland to degraded, 9.84%
converted from forestland to non-forest
areas, 0.94% converted from non-forest to
degraded, and 1.82% converted from non-
forest to forestlands. Also, this map
showed that of total cadastre area
(4369.40 ha) in forest cover type for 2018,
were not considered a forested area based
on the forest management guide, 662.91
ha, 1478.82 ha, and 2219.30 ha were cov-
ered with degraded, forestland and non-
forest lands in 1984.

The spatial distribution of temporal
change for total forest C between 1984 and
2018 in the Akg¢aabat planning unit is
shown in Figure 7. The areas where total C
stock increased, decreased and did not
change between 1984 and 2018 were indi-
cated with “Increased”, “Decreased” and
“Unchanged” in the total C balance map.
According to the map, increased, de-
creased, and wunchanged areas were
6864.41 ha (21.24%), 6249.35 ha
(19.33%), and 19207.73 ha (59.43%), re-
spectively.

While extended boundary of the study
area, increasing the quality structure of
the forested area in terms of development
stage and canopy cover, increasing produc-
tive forest areas with the rehabilitation of
degraded areas, afforestation of forest
opening areas and forestation of aban-
doned agricultural lands had a positive ef-
fect on total C stock, woodlands not consid-
ered as forested area through cadastre had
the most significant negative impact on to-
tal C stock.
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Fig. 7. Land cover conversion (a) and spatial distribution map of total C balance (b) from 1984 to

2018

3.2.6. Demographic Movement, Forest
Crimes and Economic Development

The main reason for the increase in the for-
estland state over 34 years was accurate
forest management interventions. Some
conversion from degraded forests and for-
est opening lands to forestland with reha-
bilitation and afforestation had a great ef-
fect on the improvement of the forest areas
in the Akcgaabat planning unit. Thanks to
accurate forest management interven-
tions, a significant proportion of degraded

80000

60000

40000

Rural population

20000

1980 1990 2007 2009

and forest opening lands accounted for
65.46% and 32.87%, respectively con-
verted to forested areas over 34 years.
Also, the increase of the forestland can be
explained by demographic and socio-eco-
nomic changes in the forest village. The ru-
ral population in all forest villages was
about 64,577 in 1980 and decreased to
47,941 in 2018, with a net decline of
25.76% (Anonymous, 2020a) (Figure 8).
Conversion of agricultural areas about
834.7 ha to forested land can be explained
by the movement of the rural population.

2011 2013 2015 2017 2019

Years

Fig. 8. The number of the rural population in the study area

In addition to the conversion of abandoned
agriculture area to forestland, decreasing

social pressure on forested areas due to re-
ducing of rural population resulted in a
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significant increase in the productive for-
ests by about 15.39%. In this point, forest
crime statistics are great important indica-
tors showing the extent of pressure on for-
ests. The historical distribution of the for-
est crime statistics in the Akgaabat forest
planning unit showed that total amount of
forest crimes such as illegal harvesting,
transporting, possessing, consumption,
grazing, occupation, and utilization, dra-
matically changed. The average annual
crime numbers were 28.8, 55.4, 46.3 and
16.9 in each period of 1980-1990, 1991-
2000, 2001-2010 and 2011-2019 with a de-
cline of 41.3%?3* (Figure 9). The number of
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forest crimes were very high between
1980-2000, but after 2000 it can be seen
clearly that there was a severe decrease in
the number of forest crimes. The main rea-
son for the number of forest crime num-
bers to appear quite low between 1980-
1990 is that real records could not be
shown on the figure 10 due to the loss of
all archive records in the forest business as
a result of the flood disaster in the Akcaa-
bat in 1990. Therefore, it was estimated
that the real number of forest crimes was
higher than those shown on the figure 9 at
this period.

Fig. 9. The number of forest crimes in the study area

The ability of people to look at the forests
with a different perspective is related to
their educational and financial develop-
ment. The gross domestic product per cap-
ita (GNP) in Trabzon province increased
from $4466 in 2004 to $7648 in 2018, with
a similar trend to GNP in Turkey (Figure
10) (Anonymous, 2020c). It was clear that
decreases in rural population and forest
crimes and increases in income levels re-

32 Anonymous, 2020b.

sulted in increasing awareness and sensi-
tivity to the environment over time. Con-
sequently, conversion abandoned agricul-
ture to forested areas explained by migra-
tion from county to cities and decreasing
social pressure on forest areas explained
by reducing the amount of forest crime in-
creased both of forested size and the qual-
ity of forest structure, thus total C stock
importantly increased.
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Fig. 10. Gross national products per capita ($) in Trabzon and Turkey

4. Conclusion

This study analyzed the spatial and tem-
poral change of forest C dynamics on vari-
ous C pools based on demographic, socio-
economic, and landscape structure. To es-
timate forest C dynamics, forest inventory
data, and the latest methodology of IPCC,
2006 guidelines were combined. The
method used in the study was expanding
growing stock to biomass by BEF due to a
lack of allometric equations for tree spe-
cies in the study area. Unlike many previ-
ous studies, species-species WD and BEF
coefficients reported for each tree species
in Turkey’s forests were preferred in this
study to avoid the overestimation of C
stock. Moreover, C dynamic in above-
ground, belowground, dead wood, litter,
and soil was calculated separately based on
forest inventory data in 1984, 2008, and
2018. In this study, the spatial distribution
of C dynamics each planning period and C
balance between 1984 and 2018 were
mapped by using GIS. The change in the
spatial distribution of C dynamics each pe-
riod was about landscape and socio-eco-
nomic dynamics. Also, these maps are
helpful tools for forest management appli-
cations.

Forest C dynamics and its spatial distribu-
tion between 1984 and 2018 were influ-
enced by land cover and the quality of for-
est ecosystem structure in terms of devel-
oping stages and canopy cover, tree spe-
cies, and forest coverage. The forest man-
agement policies, planning interventions,
irregular human interventions were main
drivers on significant changes in the forest
structure. For instance, afforestation of
forest opening and degraded areas within
the scope of forestry policies directly af-
fected total C dynamics and its spatial dis-
tribution.

Unlike the previous studies analyzing the
change of C dynamics, this study focused
on the change of C dynamics based on land
cover change associated with forest crime,
economic development, and population
movement in rural. Temporal and spatial
change in the C dynamics can be explained
indirectly through a reduction in rural pop-
ulation on forest villages and forest crime
statistics and an increase in income levels
(GNP). Because land cover changes are
mostly affected by forest management in-
terventions, human disturbances, natural
and socio-economic factors are the im-
portant indicators of awareness and sensi-
tivity to the environment. Based on these
socio-economic changes in rural areas,
conversion abandoned agriculture areas to
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forestland, and the reduction in social
pressure on the existing forested areas has
increased total C stock.

The results showed that expanding the
boundary of the study area and conversion
from degraded, coppice, and non-forest ar-
eas to highly productive areas increased
total C stock. In contrast, conversion from
forest lands to degraded or non-forest ar-
eas resulted in a reduction of total C stock.
The average C densities were higher in de-
ciduous forest with 442.61 Mg ha™ than the
coniferous and mixed forests with 267.37
Mg ha™ and 132.47 Mg ha, respectively.
While the deciduous forest was the main
carbon sink in 1984, the mixed forest was
the main carbon sink in 2008 and 2018 due
to the larger area.

The development stages and canopy cover
are important indicators to observe C
stock. The average C densities in young and
mature forests with 49.65 Mg ha™ and
36.96 Mg ha™ and full covered forests with
144.47 Mg ha’ were higher. Temporal
change in forest dynamics showed that
young and full covered areas increased.
These results demonstrated that the qual-
ity of forest structure based on C stock in-
creased between 1984 to 2018.

The combined contribution of litterfall and
SOM to C stock was about 73.39%, 72.32%,
and 61.60% in 1984, 2008 and 2018, re-
spectively. Thus, estimating C in forest
ecosystems stock without litterfall and
SOM C pools will cause a significant error.

Though total C stock increased from 1984
to 2008 by about 38.04%, the increase was
only about 4.64%. The main reason for a
decreasing increase in total C stock was to
not including of non-state-owned areas
covered with forest trees in the forest
management plans developed based on
land cadaster in 2018. Thus, a total of
4369.40 ha area, which had previously
been forested or later covered with forest
cover, was not included in the current for-
est management plan. This administrative
approach resulted in an underestimation
of total C stock in 2018. Thus, these non-

state-owned lands should be considered as
forests for sustainable use.

Climate change is one of the most im-
portant global environmental problems.
Because living biomass and SOM in forest
ecosystems store large quantities of C,
these ecosystems can play a significant
role in mitigating greenhouse gas emis-
sions. The temporal change in forest struc-
ture based on forest management inter-
ventions, human disturbances, population
dynamics, and socio-economic structure
affect C dynamics. Accurate forest manage-
ment interventions spatial distribution
maps can consider as helpful tools to
change C stock and to control global cli-
mate change.
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