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Abstract. Net primary productivity (NPP) is a vital dataset to assess carbon cycling, carbon budget and
interpreting global warming. There are many approaches to calculate NPP, and Carnegie-Ames-Stanford
approach (CASA) is one of the most popular approaches that was applied in this study. Black pine forest NPP
was calculated with the CASA model in a transection zone between humid black sea and dry middle Anatolia
region of Turkey for the year of 2016. Model parameters and homogeneity were tested with one-way ANOVA.
Results was showed that annual NPP values were varied from 194 to 1213 (g C m? year?) for pure black pine
stands. Model validation was made with stand increment, growing stock, and stand carbon values. Correlation
co-efficiencies were obtained to be 0.92 and 0.85 respectively. It was found that NPP was higher in young
stands where the mass accumulation potential was higher than areas, where crown closure was between 11%
and 70%. According to this study, young stands should be established in the forests that were operated with the
highest NPP objective. NPP models that can be used on a global scale is required intense data and time
consuming. In addition, it has been determined that mechanical models which are allowed more practical
calculation and can be used with the stand parameters easily.
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Introduction

Net primary productivity (NPP) is an important indicator on terrestrial carbon cycle from
local to global scales. It is the net amount of carbon the plant cover receives after the
photosynthetic activity. The sum of autotrophic respiration and NPP is gross primary
productivity (GPP). GPP is a parameter that is not directly measured and also measurement
of autotrophic respiration is laborious (Gower et al., 1999; Berberoglu et al., 2007; Ardo,
2015; Chen et al., 2016; Wang et al., 2018).

NPP is an important key variable in terms of carbon trading, which was established by
180 countries in 1997 Kyoto Protocol to reduce carbon emissions and global warming.
Countries that has high carbon emissions, have been allowed to purchase more carbon
dioxide emissions to the atmosphere from the countries with lower carbon emissions thanks
to this agreement (Dong and Whalley, 2010; Klein et al., 2016). Forests are our one of the
most efficient weapon in the battle with global warming and climate change. NPP can be
used as indicator and control variable on this issue. It will be right strategy to cultivating
forests with maximum NPP in this struggle in appropriate regions according to the
ecological requirements.

There are many models that can be used to calculate NPP. These models are divided into
three categories (Cramer et al., 1999; Schloss et al., 1999; Ruimy et al., 1999). First group is
based on satellite data such as CASA (Potter et al., 1993), GLO-PEM (Prince, 1991),
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SDBM (Knorr and Heimann, 1995), TURC (Ruimy et al., 1996) and SIB2 (Sellers et al.,
1996). Second group is based on seasonal biogeochemical fluxes such as HRBM3.0 (Esser
et al., 1994), CENTURY4.0 (Parton et al., 1993), TEM4.0 (McGuire et al., 1995) and
SILVANZ2.2 (Kaduk and Heimann, 1996). Third group is based on seasonal biogeochemical
fluxes and vegetation structure such as BIOME3 (Haxeltine and Prentice, 1996), DOLY
(Woodward et al., 1995) and HYBRID3.0 (Friend, 1995).

Spatial NPP models particularly CASA model are widely applied from regional to global
scale accurately using remotely sensed datasets (Turner et al., 2006; Wang et al., 2013).
Liang et al. (2015) and Chen et al. (2016) used the CASA model to research the temporal
and spatial changes in NPP of different vegetation types, from 1982 and 2010-from 1984 to
2014, respectively. Liu et al. (2018) estimated aboveground NPP using CASA model for
forest ecosystems. Tripathi et al. (2018) selected CASA model to explore the spatio-
temporal patterns of NPP for 2009 and 2010 years in forest plantations. Li and Zhou (2015)
predicted NPP using CASA model for forest types and reported that how NPP changed by
forest stand age.

In our study, we focused on areas where covered by black pine. Black pine trees have
been started to use main afforestation tree against soil erosion and to mitigate the some land
degradation effects in Turkey during the more than ten years. So this study also important to
understand the black pine tree contribution to carbon budget of the country. The objectives
of this study were; (i) to calculate the NPP with CASA maodel, (ii) to validate the CASA
model system for pure black pine stands under continental climate conditions, (iii) to
research model possibilities of NPP with stand parameters and (iv) to determine the optimal
stand criteria for maximum NPP in pure black pine areas.

Materials and methods
Study area

The study area is located on the Black Sea backward region of Turkey (Fig. 1). The
coordinates of the study area are between 33°21'56" - 33°25'27" north latitude and
33°3422" - 33°20'01" east longitude. The study area is about 18488.30 ha and pure
Anatolian black pine (Pinus nigra subsp. Pallasiana var. Pallasiana (Arnold)) stands are
covered totally 5517.44 ha areas. There are also Scots pine (Pinus sylvestris), Poplar
(Populus sp.) and Oak (Quercus sp.) in the region. The elevation has been varied between
1000 and 1600 m.

Climate type of the study area is defined as semi-arid, mesothermal with excessive
wetness during winters. Mean, maximum and minimum annual temperature are 11, 18 and
5 °C, respectively. This area is one of the transection zones between Euro-Siberien and
Irano-Turanian phytogeographical regions. Mean annual precipitation is 412 mm. Daily
total highest precipitation in the region is 74 mm.

Materials

Three main materials were used in the study to be forest inventory, satellite dataset and
climate dataset (Table 1).

Forest inventory

Data from national forest management inventories were used. Sample plots were taken
systematically at intervals of 300 x 300 m. According to the crown closure of the sample
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plots, sample point size was chosen from low (11-40% = 800 m?), medium (41-70% = 600
m?) and full crown closure (71-100% = 400 m?). Then, diameter at breast height (DBH,
1.30 m), age and height were measured in all trees with a diameter greater than 7.9 cm in
each sample plot (Anonymous, 2008). Stand map was prepared using combine inventory
method through satellite image or aerial photograph and field measurements and 2015-2016
plot measurements were used in this study. Detailed stand area, stand increment and
growing stock tables were added to forest management plan.
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Figure 1. Study area

Table 1. Characterizations of the study materials

Dataset Usage purpose Source
. Ground truth of NPP, comparison Republic of Turkey, General
Forest inventory .
analyses Directorate of Forestry
Satellite dataset NPP calculations USGS Landsat database
Climate dataset NPP calculations State meteorological works of Turkey

Satellite data

Landsat 8 satellite images were acquired for each month of 2016 from the United
States Geological Survey Earth Explorer data portal (USGS, 2000). Band 4 (Red), Band
5 (Near Infrared) and Band 7 (Short-wave Infrared) were used to run the CASA model
for twelve months of a year.
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Meteorological data

Climate data were included daily mean, maximum, minimum temperature,
precipitation and solar radiation with the same periods of Landsat image’s records
(2015-2016) and obtained from 10 Turkish State Meteorological Service climate
stations. Monthly mean, maximum, minimum temperature and solar radiation were
interpolated with appropriate interpolation techniques such as ordinary kriging and
radial basis function. Climate data maps prepared for the study area were produced with
30 m spatial resolutions. Data interpolation and analysis were performed using.

Methodology
The CASA model

Carnegie, Ames, Stanford Approach (CASA) model was used to predict Black pine
NPP in local scale (Potter et al., 2003, 2004). This model is run based on photosynthesis
progress of a plant. It was designed for global studies, however; it is contained plant
specific variables and it may be used for the local studies for modifying the variables
such as maximum light use efficiency and photosynthesis temperature range.

The CASA model was used for predicting NPP in the study area. It is defined as
follows (Eqg. 1):

NPP = &, x APAR (Eq.1)

where APAR is absorbed photosynthetically active radiation (MJ/m? month) and en is
light use efficiency (g C/MJ).

En = Emax X F(T)x f(W) (Eq.2)

Maximum light use efficiency (emax) for evergreen needleleaf stands was separated
into three age classes. Mean gmax Of young, middle age and mature stands are 0.72, 0.57
and 0.52 (g C/MJ), respectively (Li and Zhou, 2015).

Temperature on the maximum light use efficiency of vegetation (T) is defined as
follows (Eg. 3):

f(Tj = (T - Tmi:lzjx(T - Tm:z.rj-f((T - Tmz':'z jI(T - Tm:z.rjj - (_T - Topr): (Eqs)

where T is the atmospheric temperature (°C); and Tmin, Topt, and Tmax are the minimum,
optimal, and maximum temperatures (°C) for photosynthetic activities, respectively
(Huang et al., 2010).

Water on the maximum light use efficiency of vegetation (W) is defined as follows
(Egs. 4 and 5):

W= (1+LSWI)/(1+ LSWI__) (Eq.4)

L5WI = [pm';u - pswi:-*] ."JI (Pui;- + pswz':l‘] (Eq5)
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where LSW!I is the land surface water index and LSWlmax is the maximum

LSWI. The variables Pnir and Pswir represent the surface reflectance of the NIR
and MIR bands in Landsat 8 images, respectively (Huang et al., 2010).

APAR = FPAR x PAR (Eq.6)

Fraction of photosynthetically active radiation (FPAR) is defined as follows (Eq. 7):

(NDVI— NDVIg ) X 0.95

FPAR = — -
(NDVIggy — NDVigin)

+ 0.05 (Eq.7)

where NDV1 is Normalized Difference Vegetation Index, NDVImax and NDV Imin are the
maximum and minimum Normalized Difference Vegetation Index, respectively (Los et
al., 2000; Zhu et al., 2006; Huang et al., 2010; Chen et al., 2016).

Photosynthetically active radiation (PAR) is defined as follows (Eq. 8):

PAR = Sr x 0.50 (Eq.8)

where Sr is solar radiation (MJ/m2 day') (Potter, 1993, 1998; Huang et al., 2010).

Tree cover classification

Stand map was acquired from Turkey General Directorate of Forestry to determine
the pure black pine cover. The stand map is contained the classification of the area
according to the tree type, development age and crown closure. Within these areas,
there may be areas that are not covered by trees because it was obtained as polygons
and caver degree is variable inside the polygons. Therefore, only forest covered areas
were extracted from the polygons applying a supervised classification approach. NPP
will be calculated for pure black pine areas, so the opening areas had to be removed. We
used maximum likelihood classification method (MLC) that is one of the most effective
parametric classifier when there are enough training points for forest cover
classification (Satir and Berberoglu, 2012). Almost 270 training points were used to be
forest and non-forest areas, and 100 points were used for accuracy assessment. This area
is not too complex, also it is included only black pine forest formation so point samples
were enough for the classification.

Calculating carbon stock

Initial parameter in calculating the carbon stock was total stand growing stock
volume (V), and it was obtained from stand map and forest management plan. Other
parameters were above-ground biomass (AGB), below-ground biomass (BGB), above-
ground carbon (AGC), below-ground carbon (BGC), dead wood biomass (DWB), dead
wood carbon (DWC), litter carbon (LC) and forest soil carbon (FSC). The carbon stocks
in the biomass were calculated using AGC, BGC, DWC, LC and FSC (Eqg. 9; Tolunay,
2011; Degirmenci and Zengin, 2016). The equations of these parameters were presented
in Table 2.

Carbon stock = AGC + BGC + DWC + LC + FSC (Eq.9)
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Table 2. Carbon stock coefficients

Cover type Parameter Equation
AGB V x0.446 x 1.212
BGB AGB x 0.29
AGC AGB x 0.51

Coniferous BGC BGB x 0.51
DWB AGB x 0.01
DWC DWB x 0.47

LC Area (ha) x 7.46

FSC Area (ha) x 76.56

Variance analysis

Digital Elevation Model (DEM), forest management plan and stand map were used
for calculating testing parameters to be age, site index, crown closure and elevation.
Homogeneity between NPP and these parameters was tested using one-way ANOVA by
followed Duncan procedure. Classes were created for elevation, age, crown closure and
site index (Table 3). Elevation was between 1000 and 1600 m in the study area. It was
separated into six classes. Age was created as a seven classes with a period of 20 years.
There are no stands of the sixth age class in the study area. Crown closure was divided
into three classes by coverage of ground cover. Site index was determine according to
dominant height at standard age (100) and separated into three classes.

Table 3. Classes for variance analysis

Criteria Value Class Criteria Value Class
0-20 1 1000-1100 1
21-40 2 1101-1200 2
Age (year) 41-60 3 Elevation (m) 1201-1300 3
61-80 4 1301-1400 4
81-100 5 1401-1500 5
121-140 6 1501-1600 6
20-24 1 11-40 1
Site index (m) 15-19 2 Crown closure (%) 41-70 2
10-14 3 71-100 3

The validation of CASA model

NPP was predicted using the CASA model and we did not have actual values to
validation of the model. So, stand increment, growing stock and stand carbon were used
for the CASA model validation. The relationships between these parameters and NPP
were compared. Relationship levels were determined by calculating correlation (r) and
coefficient of determination (R?). In addition, CASA model was compared and
validated in many studies (Cramer et al., 1999; Potter et al., 2012), and these were
showed that this model was provided significant results when it was applied correctly.
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Results

Study results were presented in three stages to be; mapping the tree cover, mapping
of the NPP, and defining the relationship between NPP and some forest stand variables.

Mapping the tree cover in black pine stands

The CASA model used for NPP computation was created for tree covered fields. It
was necessary to remove the opening areas. So the NPP was more consistently
calculated in terms of spatial position. For the operation of this process, Landsat 8
satellite image was used for supervised classification (kappa = 0.92, overall
accuracy = 96.4%). The opening and tree cover areas were determined and NPP was
calculated to tree cover areas (Fig. 2).

Legend
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Figure 2. Tree cover map of the black pine stands

Mapping the NPP using CASA model

The CASA model was used to predict NPP values of the pure black pine forests in
2016. NPP values were integrated with forest stand map and calculated variables such
as stand increment, growing stock and stand carbon in 676 plots. Descriptive statistics
for NPP, stand increment, growing stock and stand carbon were presented in Table 4.
The NPP values ranged between 15.16 and 1893.93 (ton C year) with a mean value of
382.82 (ton C year™). Mean values of stand increment, growing stock and stand carbon
were defined to be 20.90, 548.79 and 677.57, respectively.

Table 4. Descriptive statistics of the NPP and forest attributes

Variable N Min Max Mean SD Skew Kurt

NPP (ton C year™) 676 15.16 | 1893.93 | 382.82 | 385.26 | 1.651 2.306
Stand increment (m°) 676 0.60 175.39 | 20.90 27.07 2.468 6.756
Growing stock (m®) 676 7.32 | 4010.47 | 548.79 | 746.09 | 2.024 3.813
Stand carbon (ton C year™?) 676 4530 |4221.33 | 677.57 | 716.82 | 1.831 3.193
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Monthly mean NPP values were calculated for all months of 2016 (Fig. 3). The
highest mean NPP was calculated in May to be 120.83 (g C m month™) and the lowest
mean NPP was calculated in February as 5.89 (g C m? month?). According to the
monthly analyses, there was a significant improvement on NPP in March, April and
May. However, NPP was decreased fast after the September. The highest NPP value
was predicted to be 1213.40 (g C m year™) and the lowest NPP value was 193.70 (g C
m-2 year) per unit area over the year (Fig. 4).
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Figure 3. NPP distribution in the pure black pine stands for months of 2016
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Figure 4. Spatial distribution of NPP derived from the CASA model in the black pine stands for
the year 2016

Defining the relationship between NPP and some forest attributes

Relationship levels between the calculated NPP data and stand increment, growing
stock and stand carbon were showed in Table 5 and Figure 5. The highest correlation
was obtained with stand carbon (r = 0.92), and the lowest correlation was defined with
stand increment (r = 0.87). Linear models and relationships were created between NPP
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and these variables. Linear model results were showed that predicted NPP and
calculated stand variables related with NPP were matched, and NPP prediction was
significant for this area.

Table 5. NPP models and performance criteria

Variable N Model r R? p
Stand increment (m®) 676 | NPP =(12.351 x Stand increment) + 124.69 | 0.87 | 0.75 | 0.000
Growing stock (m?) 676 | NPP =(0.4552 x Growing stock) + 133.04 | 0.88 | 0.78 | 0.000
Stand carbon (ton C year?) | 676 | NPP =(0.4954 x Stand carbon) + 47.155 | 0.92 | 0.85 | 0.000

2000

2000 2000
1 % 1500 < 1500
E 1500 g g
) ) )
© 1000 © 1000 © 1000
g g g
E 500 E 500 E 500
o W 0 & o
0 50 100 150 0 1000 2000 3000 4000 0 1000 2000 3000 4000
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Figure 5. Comparison between NPP and validation parameters

Results of the one - way ANOVA test were summarized in Table 6. Duncan test
showed that NPP values were statistically different by age (F=88.465, p <0.05),
elevation (F =39.354, p <0.05), site index (F=63.118, p <0.05) and crown closure
(F =23.114, p < 0.05). According to the results, age classes were divided into 5 groups
(a<b<c<dc<e), elevation classes were divided into 3 groups (a<b < ¢), site index
and crown closure classes were divided into 2 groups (a < b). Results showed that NPP
was higher in young and low-medium closed stands than old stands in an altitude of
1300-1600 m with an average dominant height of 12-17 m.

Table 6. Comparison of stand parameters in terms of NPP according to one-way ANOVA by
followed Duncan

Criteria Class N Mean Criteria Class N Mean
1 87 946.30° 1 53 670.132
2 510 849.91¢ 2 278 686.12°
Age (yean) 3 935 743.97° Elevation (m) 3 470 766.84°
4 245 778.67¢ 4 714 799.54¢
5 827 750.33° 5 723 793.62%
6 100 710.302 6 466 777.65
1 828 730.812 1 469 782.86°
Site index (m) 2 1727 | 792.21° | Crown closure (%) 2 905 795.78°
3 149 808.51° 3 1330 756.68%

a, b, ¢, d and e letters show groups that are statistically different each other at 95% significance level
(a<b<c<d<e)
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Discussion

NPP was quite low in the first two months of the year. This situation was caused by
the seasonal low temperature, solar radiation and leave chlorophyll activities (NDVI).
NPP was increased rapidly in March and reached the highest value in May because of
ideal weather conditions (precipitation, temperature and solar radiation) for black pine
photosynthesis process. Summer temperatures were between 19-22 °C, and the highest
temperature were recorded in August based on the nearest climate station. Therefore
there was a little increase in September due to lower temperature than August.
According to the NPP and temperature relationships, the ideal temperature for the black
pine vegetation was defined to be 14.5-15 °C. NPP of the black pine vegetation was
impacted from the temperature rise in June, July and August, negatively. NDVI in the
last three months of the year was decreased regularly based on the weather conditions in
these months. Particularly, temperature, precipitation and solar radiation were indicative
on anomalies in seasonal transition (Fig. 3; Table 7).

Table 7. The monthly mean parameter values used in the CASA model

Month Mean t(zcr’rép)erature Mean le;ﬁfrin[):)itation Mean (sI(\)/:g/r r;g;jiation NDVI « l\(l:PrI;_z)
January -1.30 57.66 5.542 0.255 7.72
February 0.27 39.15 8.809 0.186 5.89
March 5.04 49.29 13.677 0.343 69.94
April 9.96 41.10 16.776 0.367 94.04
May 14.69 73.47 20.521 0.455 120.83
June 19.31 54.60 22.474 0.442 110.24
July 22.79 20.77 23.479 0.429 100.31
August 22.89 29.76 20.964 0.401 70.80
September 17.83 17.40 16.739 0.376 82.08
October 12.18 42.47 11.364 0.356 66.97
November 5.38 24.00 7.934 0.305 37.90
December 1.46 48.36 5.972 0.229 7.58

There are many different models that can be used to calculate NPP. Schloss et al.
(1999), Cramer et al. (1999) and Ruimy et al. (1999) compared the different global NPP
models. Ruimy et al. (1999) evaluated twelve global NPP models and assessed the
performance of the models. LUE was derived from models and obtained the linear
correlation coefficients with NPP. The highest correlation between NPP and LUE was
obtained with SIB model (r = 0.71). APAR was also used in evaluation of the models.
The highest accuracy was obtained by CASA model based on APAR (r = 0.98).

The CASA model is widely used in both locally and globally scales for NPP
calculation. Taskinsu Meydan and Berberoglu (2008) performed NPP calculations for
black pine stands in Mediterranean part of Turkey. Productivity evaluation can be made
for northern and southern regions between continental and sub-Mediterranean climate
zones. In this study, the lowest NPP value of the year was obtained in February (5.89 g
C m2 month™), and the highest NPP value was obtained in May (120.83 g C m month™).
In the study conducted at the Mediterranean region, the lowest and highest values were
detected in March and June (0.28-52.25 g C m? month™), respectively (Fig. 6). NPP
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obtained for the northern region was obviously higher than southern region of Turkey.
The average for all months was 64.53 g C m year™ for the northern region and 19.79 g
C m2 year? for the southern region. Evrendilek et al. (2006) was estimated the NPP of
conifer forests in the eastern Mediterranean region of Turkey. They presented that the
annual total NPP of black pine forests was 1302.00 g C m year. It was 774.30 g C m™
year in our study. Because, studies were applied in different regions that has been
various climatic conditions, and difference of the NPP values were significant even if
they have similar land cover.

@ This study O Taskinsu Meydan and Berberoglu (2008)

160
120
80

40

NPP(g C/m2 month'!)

¢ 1 2 3 4 5 6 7 8 9 10 11 12

o 037 034 0,28 5,58 18,41 52,25 40,24 27,1 48,93 18,37 18,08 7,48
B 7,72 5,89 69,94 94,04 120,83 110,24 100,31 70,8 82,08 66,97 37,9 7,58

Figure 6. Comparison of monthly NPP values for pure black pine stands between southern and
northern Turkey

Besides the climatic features, forest forms and land cover types were also affected to
the NPP. Ma et al. (2008) were estimated the annual average NPP for Pinus elliottii
plantation. They focused 20 years period from 1885 to 2005. The average yearly GPP
was predicted 630.88 g C m year? by their study. In our study, the yearly NPP value
was around 775 g C m year™. In our work was done in natural pine forest, and their
work was conducted in pine plantation areas that was included different pine species
from our study. However, it can be seen clearly in Ma et al. (2008) that NPP values
have been variable based on climatic effects.

Pei et al. (2018), Zhang and Zhang (2017) and Chen et al. (2016) were calculated the
annual mean NPP using CASA model for different land cover types in China. Pei et al.
(2018) obtained the NPP for evergreen broadleaf forest (EBF, 774 g C m? year?),
deciduous broadleaf forest (DBF, 471 g C m year?), evergreen needleleaf forest (ENF,
308 g C m year™), deciduous needleleaf forest (DNF, 444 g C m* year™) and mixed
forest (MIF, 460 g C m? year?). Zhang and Zhang (2017) reported that the NPP in
ENF, DNF, DBF and MIF were 489.73, 415.71, 954.19 and 650.94 g C m year. Chen
et al. (2016) calculated the NPP for EBF (771 g C m year) and DBF (734 g C m™
year?). These differences in the NPP of land cover types were particularly affected by
climate and topographic factors (Zhang and Zhang, 2017). Donmez et al. (2016)
calculated the NPP using CASA model for 2000-2010 and estimated for 2070-2100
period using RCP climate scenarios in the eastern Mediterranean region of Turkey. The
annual mean NPP was calculated 1042 g C m-2 year-1 for ENF between 2000 and
2010. The highest and lowest NPP values were obtained for DBF (1529 g C m year™)
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and shrubland (452 g C m™ year) cover types, respectively. The highest and lowest
grand mean change according to RCP climate scenarios was obtained for the DBF (-
3.2%) and shrubland (0.7%) cover type between 1476-1483 g C m™ year?! and 454-
457 g C m2 year?, respectively.

NPP is generally higher at young stands that are accumulating biomass in forest
ecosystems (Field et al., 1995; Li and Zhou, 2015; Wang et al., 2018). As a result of the
one-way ANOVA test applied to age classes (6 <3 =5<4 <2< 1), NPP was higher in
young stands that were 1 and 2" age classes. The areas with an average dominant
height of 12-17 m were more favorable than other areas for NPP (1 < 2 = 3). Black pine
covered areas in the study area were 5517 ha. Nearly half of the black pine areas
(2303.19 ha) was located to 2"-3" site index and 1%-2"9-3" age classes. Thus, the NPP
in areas with lower dominant height was found to be higher than other places because,
these areas were covered by young stands with a high NPP. Wang et al. (2018)
researched the relationship between age and NPP for broadleaved and conifer forests
under the various site conditions. They reported that NPP of young forests increases
rapidly, reaches the highest value in mature forests and decreases in old forests. In
addition to the forest age, site conditions also affect the NPP. Chen et al. (2002)
indicated that NPP was increasing faster in area of the high site index. That is, site index
Is critical in identifying the relationship between NPP and age.

When the results were examined in terms of the elevation that a linear relationship
was appeared between NPP and elevation in negative way. Donmez et al. (2015)
reported that there were an inverse relationship between NPP and elevation
(R?=0.8129). Both studies were similar results in same points of view. This study was
carried out for an area of 1000000 ha and an elevation range of 0-2300 m. These results
for site index and elevation have been influenced by the local and managed forest area.

NPP was higher in stands with low-medium crown closure (11-70%) than high
crown closure areas because of the efficient sun light availability. NPP may be high
because the rate of fall to the surface of rain and the rate of water utilization of plants
are high (especially in arid or semi-arid climates). These effects may have an enhancing
effect on photosynthesis. So it may be caused NPP to increase.

Conclusions

In this study, NPP was predicted using CASA model for pure black pine stands in the
Black Sea backward region of Turkey. The CASA model can be used efficiently that the
region where this study was conducted. The satellite and climate data were required to
run the CASA model and it was effort and time consumed. In addition, there was also
the possibility of modeling with the stand increment (r = 0.87), growing stock (r = 0.88)
and stand carbon (r = 0.92) parameters that were correlated positively with the NPP in
the study. Results of the variance analysis showed that optimal stand criteria for
maximum NPP were detected in 0-40 years of age and 12-17 m mean dominant height,
11-70% of level of crown closure and 1300-1600 m of elevation. It was believed that
these results can be helpful to create forest management plans considering maximum
NPP operating objective studies in forest ecosystems or afforestation studies. Recently,
black pine trees were used in afforestation in all around the Turkey to be coniferous,
and this study can be a good guide to use the black pine for carbon absorption more
efficiently. It is also very important to create a sustainable carbon budget strategy in
country scale.
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