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Abstract

Albedo and carbon sequestration, as important climatic parameters, are in� uenced 
by many factors. Since forests are important factors a� ecting carbon stocks, albedo, 
they have a signi� cant role in global warming. This study intends to explore inter-
actions between trees species and albedo, soil carbon (C) and nitrogen (N) stocks 
in the Hyrcanian forest of northern Iran. The study sites consist of � ve 20-year-old 
forest plantations consisting of maple (Acer velutinumforest plantations consisting of maple (Acer velutinumforest plantations consisting of maple (  Bioss), poplar (Populus delto-
ides Barter.ex Marsh), Mediterranean cypress (Cupressus sempervirens var. Horizontalis 
(Mill.) Loudon), chestnut-leaved oak (Quercus castaneifolia C. A. M. macranthera F. & 
M.) and alder (Alnus glutinosaM.) and alder (Alnus glutinosaM.) and alder (  (L.) Gaertn). In the summer, ten randomly located soil 
samples were taken from each stand from the top 10 cm of the soil to determine 
the soil characteristics, soil organic C, total C and N. Albedo was estimated with an 
albedometer set-up, which was installed on a movable mast in each stand. We used 
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two analytical methods to determine the e� ect of tree species on albedo and soil 
C and N stocks. ANOVA was used to determine the signi� cant di� erence between 
tree species and albedo, soil C and N stocks. TOPSIS technique – a commonly used 
classical Multi-Criteria Decision Making (MCDM) method – was employed to prioriti-
ze tree species considering the combination of the examined factors (albedo, C and 
N stocks). Our analysis suggests signi� cant di� erences in albedo and soil C and N 
stocks between tree species (p < 0.01). Albedo of the alder stand (0.33) was highest 
and for Mediterranean cypress it was lowest (0.15). The highest values of soil C and 
N stocks we observed in the alder stand (64.61 and 2.68 t ha-1, respectively) and the 
lowest amounts in the poplar stand (26.76 and 1.2 t ha-1 respectively). The results of 
TOPSIS ranking indicated that, the preferred tree species are alder, chestnut-leaved 
oak, maple, polar and Mediterranean cypress, respectively. The � ndings of this study 
demonstrated that di� erent planted tree species have di� erent substantial e� ects on 
albedo and soil properties in the study region. Our results demonstrate the bene� ts 
of intercropped broad-leaved trees on albedo and soil C and N stocks. These � ndings 
may help to optimize forest management activities, such as selection of tree species 
in reforestations, plantations and agroforestry systems.

Zusammenfassung

Albedo und Kohlensto� speicherung sind wichtige klimatische Parameter und wer-
den von mehreren Faktoren beein� usst. Baumarten sind einer dieses Ein� ussfaktoren 
und haben letztendlich auch Auswirkung auf die globale Erwärmung. Diese Studie 
unersucht den E� ekt verschiedener Baumarten auf Albedo- und Bodenkohlensto�  
(C) und Sticksto�  (N) Speicherung. Unser Untersuchungsgebiet ist eine 20 Jahre alte 
Au� orstung mit Ahorn, Erle, Eiche, Zypresse und Pappel im Hyrkanischen Wald im 
Norden des Iran. Im Sommer wurden in jedem untersuchten Bestand jeweils zehn 
Proben zufällig aus den ersten 10 cm der obersten Bodenschicht entnommen um die 
Bodeneigenschaften zu untersuchen, insbesondere Bodentextur, Feuchtigkeit, orga-
nischem C, Gesamt-C und N. Die Albedo wurde mit einem Albedometer gemessen, 
das an jedem Standort auf einem beweglichen Mast installiert wurde. Wir verwende-
ten hier zwei Analysemethoden, um die Bedeutung von Baumarten auf Albedo und 
Boden C und N Vorrat abzuschätzen. Mit ANOVA wurden signi� kante Unterschiede 
in Albedo und Kohlensto� - und Sticksto� bindung zwischen den Baumarten geprüft. 
Die TOPSIS-Technik – eine oft verwendete klassische MCDM-Methoden (Multi-Criteria 
Decision Making) – erlaubte uns die Priorisierung der Baumarten unter Berücksichti-
gung der Kombination der drei untersuchten Faktoren zu ermitteln. Unsere Analysen 
zeigten signi� kante Unterschiede zwischen Albedo, Boden C und N Speicherung zwi-
schen den Baumarten (p < 0.01). Die Albedo im Erlenbestand (0.33) war am höchsten 
und in dem Zypressenbestand am niedrigsten (0.15). Die höchsten Werte für die Koh-
lensto� - und Sticksto� speicherung im Boden wurden im Erlenbestand beobachtet 
(64.61 bzw. 2.68 t ha-1) und die niedrigsten Mengen im Pappelbestand (26.76 bzw. 
1.2 t ha-1) erfasst. Die Ergebnisse des TOPSIS-Rankings zeigten folgende optimale 
Reihenfolge der untersuchten Baumarten: Erle, Eiche, Ahorn, Pappel und Zypresse. 
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Die Ergebnisse dieser Studie zeigten, dass verschiedene Baumarten unterschiedliche 
signi� kante Auswirkungen auf die Albedo und Bodeneigenschaften in der Untersu-
chungsregion haben. Wir konnten zeigten, dass insbesondere Laubbäume vorteil-
hafte Albedo und Boden C und N Speicherung aufweisen. Diese Erkenntnisse können 
dazu beitragen, die Waldbewirtschaftung zu optimieren, wie etwa die Auswahl von 
Baumarten für Wiederau� orstungen, Plantagen und Agroforestry-Systemen.

1. Introduction

Climate change is one of the most important drivers for land management, since it 
has adverse e� ects on the environment (Nik et al., 2015). Forests play a signi� cant 
role in mitigating the climate change impacts (e.g., Sohngen and Mendelsohn, 2003; 
Kindermann et al., 2008) and cooling the Earth’s surface in tropical and temperate re-
gions (Ellison et al., 2017). Considering the importance of forests to mitigate the con-
sequences of climate change, protection of forests and adopting strategy to increase 
the forested area, are urgently needed (Ellison et al., 2017). Forest development is the 
one of the most important economic and ecological solution for contrasting climate 
change (Kuusinen et al., 2016; Scheidel, 2016; Streck, 2012; Ellison et al., 2017; Temp-
ler et al., 2012). Forest managers have extended forests by plantation, reforestation 
and a� orestation (Angelsen and Kanounniko�  2008).

Recent studies have investigated the role of a� orestation on climate change through 
its impact on the forest albedo and carbon stocks (e.g. Bala et al. 2007). Trees in� uen-
ce local climate via carbon sequestration (Bonan, 2008; Smith et al., 2012), changing 
surface albedo (Myhre et al., 2013) and a� ecting greenhouse gas emissions (Canadell 
and Raupach 2008; Ellison et al., 2017).

Albedo is one of the most important and e� ective factors on climate (Lutz and Ho-
warth, 2014). Albedo is the ratio of incoming solar radiation to the re� ection of the 
Earth’s surface (Burakowski et al., 2015). The importance of albedo implications of 
land use change and land management change on climate change mitigation is wi-
dely acknowledged in the scienti� c community (Betts, 2000; Bright et al., 2015; Da-
vies-Barnard et al., 2015). High albedo values cool the earth surface and the mag-
nitude of cooling depends on variety of factors including snow depth, cloud cover, 
solar zenith angle, land cover type, growth conditions and soil moisture (Mote, 2008; 
Atlaskina et al., 2015). Forest species composition and canopy structure a� ect the 
re� ected radiation and in turn a� ect the climate (Stephens et al., 2015; Alkama and 
Cescatti, 2016; Naudts et al., 2016; Hovi et al., 2016). Di� erences in re� ection among 
tree species are linked to di� erences in foliage, structure of canopies and the pro-
portion of trees (Roberts et al., 2004; Rautiainen and Stenberg, 2005; Smolander and 
Stenberg, 2005; Kuusinen, 2014). Coniferous trees have, in general, lower re� ection 
than broad-leaved trees (Kuusinen et al., 2014; Hollinger et al., 2010). In mixed coni-
fer-broadleaved forests, albedo was found to be linearly increasing with increasing 
proportion of deciduous trees (Lukeš et al., 2013a).
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Another factor a� ecting the climate is carbon (C) sequestration. Forest ecosystems 
play a major role in the exchange of CO2 between atmosphere and biosphere (Sariyil-
diz, 2015; Kaul, 2010; Templer et al., 2012). Approximately 75 % of terrestrial C content 
is stored in the soils (Goodale et al., 2002). Forests store nearly 45 % of terrestrial C 
and about two-thirds of such amount is retained in the soil (Goodale et al., 2002). In 
fact, C stock inside soils is one of the most important ecosystem services because of 
its role in climate regulation (IPCC, 2007). Forest trees and soils are the main sinks to 
absorb atmospheric gases (Kaul, 2010; Templer et al., 2012). Quantifying forest soil C 
stock is critical to understand the ecological responses of forests to climate change, 
land use management and to improve global change models (Smith et al., 2012; Dib 
et al., 2014). C stock in forest soils (Lal, 2005) is a� ected by natural and anthropogenic 
factors (Larionova et al., 2002) such as tree species, soil texture, land use pattern and 
soil moisture (Jana et al., 2009).

Another important soil element is nitrogen (N). Soil N content is an important para-
meter for assessment of tree species e� ects on ecosystem functioning. Recently, N 
stocks have been recognized as important indicators of C sequestration capacity in 
soils (Akselsson et al., 2005; De Vries et al., 2006). The variability in soil C and N stocks 
may be linked with tree species composition, di� erences in the thickness of the forest 
� oor, microbial processes and the quality and quantity of tree species (Sariyildiz et al., 
2015; Osher et al., 2003; Marcos et al., 2010; Smolander and Kitunen, 2002; Menyailo 
et al., 2002; Lovett et al., 2002). 

Variation of the amount of forest � oor and the biochemical properties of coniferous 
and deciduous tree species a� ects forest � oor decomposition and in� uence soil C 
stocks (Sariyildiz and Anderson, 2005). For example, forest � oor of coniferous tree 
species will usually decay relatively slow and create a high C stock in the forest � oor 
over time (Finzi et al., 1998; Lovett et al., 2004; Vesterdal et al., 2008). Vesterdal et 
al., (2008) indicated that tree species in� uence the stocks and composition of soil C, 
which may also a� ect other soil characteristics (Marcos et al., 2010) and/or alter the 
potential of the soil to supply nutrients to tree species (Prescott and Vesterdal 2013; 
Aponte et al., 2013; Yatso and Lilleskov, 2016).

Hyrcanian forests in the North of Iran are among the oldest forests in the Northern 
hemisphere with unique richness of biological diversity, endemic tree species and va-
rious vegetation landscape (Akhani et al., 2010). Nowadays, the area of these forests 
have been degraded (Kooch et al., 2014), consequently reforestation and plantation 
with various tree species are needed for rehabilitation of these degraded forests. The-
refore, selection of the most suitable tree species is very important to optimize forest 
regeneration operations under global warming.

The objective of this study is to determine the suitable tree species for forest develop-
ment under global warming conditions considering the combination of albedo and C 
and N stocks. We tested the following hypotheses: do broad-leaved tree species have 
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higher albedo, soil C and N stocks than coniferous trees?

2. Materials and methods

2.1 Study area and � eld plots

The study area is situated in the North of Iran (36°,07‘,20‘‘ to 36°,22‘,25‘‘ N latitudes and 
53°,02‘,25‘‘ to 53°,07‘,20‘‘ E longitudes) (Figure. 1). The study sites are located between 
230 and 250 m a.s.l. with similar climatic conditions. The minimum and maximum 
temperatures were recorded in January (6.4˚C) and August (27.1˚C), respectively. 
Annual mean rainfall is 923 mm (Mahdasht meteorological station). The climate is 
temperate-humid. According to the USDA Soil Taxonomy, soils can be classi� ed as 
sandy-clay-loam to clay-loam Al� sols, developed on marny limestones originating 
from Cretaceous to Jurassic periods (Anonymous, 2011; Anonymous, 2015). Previ-
ously, these areas were dominated by natural forests dominant by chestnut-leaved 
oak (Quercus castaneifolia C. A. M. macranthera F. & M.), hornbeam (Carpinus betu-
lus L.) and ironwood trees (Parrotia persica (DC) C.A.Mey). In the 1990s, these forests 
were clear-cut. In some areas after clear cutting, reforestation has been done using a 
spacing of 2 × 2 m with various tree species including maple (Acer velutinumspacing of 2 × 2 m with various tree species including maple (Acer velutinumspacing of 2 × 2 m with various tree species including maple (  Bioss), 
poplar (Populus deltoides Barter.ex Marsh), Mediterranean cypress (Cupressus semper-
virens var. Horizontalis (Mill.) Loudon) (from now on we use Cypress instead of Me-
diterranean cypress to be more concise in the text), chestnut-leaved oak (Quercus 
castaneifolia C.A.M. macranthera F. & M.) (from now on we use Oak instead of Chest-
nut-leaved oak to be more concise in the text) and alder (Alnus glutinosanut-leaved oak to be more concise in the text) and alder (Alnus glutinosanut-leaved oak to be more concise in the text) and alder (  (L.) Gaertn) 
(Figure 1). Three hectares area of each planted forest were studied to examine the 
e� ect of forest tree species on canopy albedo and soil properties. The planted stands 
were never fertilized and had the same forest management system. Thus, in a relati-
vely small homogeneous area, reforested stands with similar conditions can be found 
(Anonymous, 2015; Anonymous, 2011).
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Figure 1: Site study in Hyrcanian forests (North of Iran).

Abbildung 1: Untersuchungsgebiet in Hyrkanischen Wäldern (Nordiran).

Figure 2: Mean monthly temperature and precipitation in study area based on Mahdasht meteorological 
station data.

Abbildung 2: Mittlere monatliche Temperatur und Niederschlag im Untersuchungsgebiet, basierend 
auf Daten der Mahdasht-Messstationen.
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Field sampling

Ten sample plots of 20×20 m were placed within each of the � ve stands. All of the 
sample plots in each site had similar slope, elevation (230 - 250 m a.s.l) and aspect 
(north). Trees at the edge of the stands were not considered during sampling, to eli-
minate border e� ects. Measurements were made between July and August 2018. To-
tal tree height, DBH diameter at breast height), stand density (number of live tree per 
hectare), crown length and diameter, percentage of living crown, slope and elevation 
of study sites were measured in each plot (Table.1). 

Table 1: Stand variables average (Acer velutinum Bioss, Populus deltoides Barter.ex Marsh, Cupressus 
sempervirens var. Horizontalis (Mill.) Loudon), Quercus castaneifolia C. A. M. macranthera F. & M.) and 
Alnus glutinosa (L.) Gaertn.

Tabelle 1: Mittelwert der Standortvariablen (Acer velutinum Bioss, Populus-Deltoides Barter.ex Marsh, 
Cupressus sempervirens var. Horizontalis (Mill.) Loudon), Quercus castaneifolia C. A. M. macranthera 
F. & M.) und Alnus glutinosa (L.) Gaertn.

2.2 Methods

In-situ albedo measurement

Forest albedo was measured from the ground level measurements, which used the 
direct normal radiation and the Earth’s re� ection using a portable albedo-meter. The 
used instrument was a CM-7B manufactured and calibrated by Kipp & Zonen, which 
measures the albedo in the wavelengths ranging from 300 to 3000 nm (Hollinger et 
al., 2010; Thiel et al., 2008).

The albedo data were collected during the summer from July to August in each stand. 
The albedo-meter was positioned horizontally about 2 m above the canopy and thus 
captured the entire forest tree cover. Nearly all of the measurement data were taken 
during full sunny days. The daily albedo were measured over 24 hours. Albedo was 
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calculated using the ratio of daily total re� ection (W m-2) to the incident solar radia-
tion (W m-2) (Equation 1) (Kuusinen 2014).

Mineral soil and forest � oor sampling and analysis

Soil sampling was carried out during the summer in August. To take the soil samples, 
the organic soil layer was removed over the mineral soil. Ten soil pro� les (40×40cm) 
were dug in each stand (10 replicates), resulting in 50 mineral soil samples (i.e., 10 
plots at each site × 1 soil sample in the center of each plot × 5 sites) at a depth of 
0–10cm (without L and FH layers) (LA � eur et al., 2015) and 50 forest � oor samples 
(only L and FH layers) were taken from each stand.

The forest � oor samples were dried and grounded. Total C and N contents were deter-
mined using dry combustion with an elemental analyzer (Fisons EA1108, Milan, Italy) 
calibrated by the BBOT standard (Thermo Quest Italia S.p.A.). The mineral soil samples 
were air-dried and passed through a 2-mm sieve. Soil water content was then mea-
sured following drying the samples in an oven at 105 °C for 24 h. Bulk density was 
measured by the Clod method (Blake and Hartge, 1986; Akin and Özdemir, 2003). The 
soil bulk densities is measured by the ratio of mass and volume. Soil texture was de-
termined by the Bouyoucos hydrometer method (Bouyoucos 1962). Soil pH was de-
tected using an Orion Analyzer Model 901 pH meter in a 1:2.5 soil:water solution and 
soil EC (electrical conductivity) were determined using an Orion Ionalyzer Model 901 
EC meter in a 1:2.5 soil:water solution (Parsapour et al., 2018). Soil organic carbon was 
determined by Walkley-Black technique (Allison, 1975) and total nitrogen was mea-
sured based on the semi Micro-Kjeldahl technique (Bremner and Mulvaney, 1982).

Soil C and N stocks were calculated using the following equations (Sariyildiz et al., 
2015):

With BD being the bulk density (g cm-3), SOC soil organic carbon (g kg-1), STN soil or-
ganic nitrogen (g kg-1), D soil thickness (cm), SOCS soil organic carbon stocks (t ha-1), 
STNS soil organic nitrogen stocks (t ha-1).



Tree species effects on albedo, soil carbon and nitrogen stocks Seite 291

2.3 Statistical analysis

Normality of the variables was checked by Kolmogorov-Smirnov test and Levene’s 
test was used to examine the equality of the variances. One-way analysis of variance 
(ANOVA) was used to compare the signi� cant di� erence in forest tree albedo values 
and soil C & N stocks among various stands. SNK (Student-Newman-Keuls) test was 
employed for grouping of tree species considering one of these factors (Albedo va-
lues or soil C & N stocks) at p < 0.05 level. All statistical analyses were conducted using 
the SPSS 24.0 statistical software package. Linear regression analysis was used to test 
for correlations among soil properties and albedo among plantation forests.

In order to prioritize the most appropriate species for climate change mitigation ef-
forts in Northern Iran, TOPSIS technique was utilized (Using the Excel software). The 
TOPSIS technique was used to integrate all the research data into a � nal ranking by 
considering the results of all the related factors (albedo, soil C and N stocks). TOPSIS 
(technique for order performance by similarity to an ideal solution) is one of the fa-
mous and classical Multi-Criteria Decision Making (MCDM) methods, which was ini-
tiated for the � rst time by Hwang and Yoon (1981). The basic concept of this method 
is that the best selected alternative should simultaneously minimize the distance 
from an ideal point and maximize the space from a nadir point in a geometrical sense 
(Olson, 2004). TOPSIS algorithm determines the most preferable choice among all 
the possible choices. The best alternative is the one with the shortest distance to the 
fuzzy positive ideal solution and with the longest distance to the fuzzy negative ideal 
solution. There have been some studies in the literature using TOPSIS for the solution 
of MCDM problems (Olson, 2004; Uzun and Yıldırım, 2016). The TOPSIS procedure is 
shown in Figure 3 in � ve main steps (Shyur et al., 2006):
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Figure 3: Procedure of TOPSIS method.

Abbildung 3: Die Vorgehensweise der TOPSIS-Methode.

3. Results

3.1 Albedo

Our results indicated that there were signi� cant di� erences in albedo among tree 
species. Albedo changed by various tree species. Daily albedo amounts varied bet-
ween 0.157 (Cypress) and 0.338 (Alder) (Figure.4). Mean albedo was found in the ran-
ked order of alder > poplar > maple > oak > cypress. Albedo in the alder (0.33) was 
higher (p < 0.01) than in the other stands (Figure. 5). Cypress had the lowest summer 
albedo. The establishment of plantations with coniferous and broad-leaved trees 
resulted in changing albedo with broad-leaved trees exhibiting signi� cantly higher 
albedo than coniferous tree species. In this study, the amount of albedo in the bro-
ad-leaved trees was 62-76 % higher than that in the coniferous trees. The low albedo 
of cypress trees means that they absorb a large share of the incoming solar radiation 
and are more strongly heated up as broad-leaved trees. In turn, coniferous species 
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may warm up the surrounding air more intensively. Oak and maple of our study sites 
had equal amounts of albedo, which was lower than alder and poplar trees.

Figure 4: Daily albedo in summer of the � ve studied stands.

Abbildung 4: Tägliche Albedo im Sommer der fünf untersuchten Beständen.

Figure 5: Mean (±SE; n = 8) of summer albedo in di� erent tree species.

Abbildung 5: Mittelwert (± SE; n = 8) der Sommeralbedo in verschiedenen Baumarten.
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3.2 Forest � oor and soil properties

All forest � oor properties showed statistically signi� cant di� erences among di� erent 
tree species. Carbon concentrations of forest � oor were signi� cantly higher in the po-
plar, maple and alder compared to oak and cypress. Nitrogen concentrations of forest 
� oor were signi� cantly di� erent among tree species (alder ≈ maple > oak ≈ cypress≈ 
poplar, Figures 6 and 7).

Figure 6: Mean (±SE; n = 10) of forest � oor carbon (%) in di� erent tree species.

Abbildung 6: Mittelwert (± SE; n = 10) von Kohlensto�  in der Streuschicht (%) in verschiedenen 
Baumarten.

Figure 7: Mean (±SE; n = 10) of forest � oor N in di� erent tree species.

Abbildung 7: Mittelwert (± SE; n = 10) der Streu N in in verschiedenen Baumarten.
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3.3 Soil carbon and nitrogen stocks

Soil properties are presented in table 2. Our data showed that there were signi� cant 
di� erences in the soil features among di� erent land covers (Table. 2).

Table 2: Stand variables description of the � ve examined stands.

Tabelle 2: Boden der Standortsvariablen der fünf untersuchten Bestände.

Soil carbon stocks were signi� cantly higher in alder stand than oak > cypress > maple 
> poplar stands (Figure 8). Total soil nitrogen stocks in the alder was higher than other 
stands (2.68 t N ha-1), whereas no signi� cant di� erences with poplar, maple, cypress 
and oak stands were detected (Figure 9). The soil organic carbon (SOC) was signi� -
cantly higher under plantations of alder > oak ≈ cypress > maple ≈ poplar stands 
(Figure 10).

C/N ratios under cypress ≈ oak were signi� cantly higher than under alder ≈ maple ≈ 
poplar stands (Figure 11). The soil C/N ratio di� ered signi� cantly among tree species 
(p < 0.01). The cypress stand had the highest C/N ratio and poplar the lowest C/N ratio 
among the examined tree stands.
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Figure 8: Mean (±SE; n = 10) of soil carbon stocks under di� erent tree species.

Abbildung 8: Mittelwert (± SE; n = 10) der Bodenkohlensto� bindung unter verschiedenen Baumarten.

Figure 9: Mean (±SE; n = 10) of soil nitrogen stocks under di� erent tree species.

Abbildung 9: Mittelwert (± SE; n = 10) der Bodensticksto� bindung unter verschiedenen Baumarten.
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Figure 10: Mean (±SE; n = 10) of soil organic carbon in di� erent tree stands.

Abbildung 10: Mittelwert (± SE; n = 10) der organische Bodenkohlensto�  in verschiedenen Baumarten.

Figure 11: Mean (±SE; n = 10) of carbon/nitrogen ratio in di� erent tree stands.

Abbildung 11: Mittelwert (± SE; n = 10) des Kohlensto� /Sticksto�  Verhältnis in verschiedenen 
Baumarten.
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3.4 Regression analysis of variables

Regression analysis of variables showed that there are signi� cant positive correlati-
ons between soil carbon and nitrogen stocks. Stands with higher soil carbon had also 
higher nitrogen stocks in the soil and the C content had a highly signi� cant positive 
correlation with the N content (R2 = 0.73, p < 0.01). Albedo was correlated with the 
Earth re� ection (R2 = 0.93, p < 0.01) at all the study sites. Soil C and N contents decrea-
sed with increasing soil clay content (Figure. 12a, b, c, d).
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Figure 12: Correlations of (a) soil C and clay, (b) soil N and clay, (c) soil C and N stocks, (d) albedo and 
re� ection.

Abbildung 12: Korrelationen von (a) soil C and clay, (b) soil N and clay, (c) soil C and N stocks, (d) 
albedo and re� ection.
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3.5 Ranking of tree species based on TOPSIS technique

The results of TOPSIS technique are presented in Table 3. Alder with the maximum 
score in TOPSIS ranking is the � rst tree species suggested for forest development in 
the study region. Based on the TOPSIS analysis, overall ranking for the preference of 
species to develop in the forested areas under global warming conditions are alder, 
oak, maple, poplar and cypress, respectively.

Table 3: Ranking of the optimum forest tree species considering the albedo, and carbon and nitrogen 
stocks.

Tabelle 3: Ranking der optimalen Waldbaumarten unter Berücksichtigung der Albedo, Kohlensto�  
und Sticksto� -Speicherung.

4. Discussion

Our detailed assessment of tree species e� ects on the albedo and the soil C and N 
stocks in the forest plantation in Northern Iran show that these factors are a� ected by 
tree species and the magnitude of the e� ect depended on a number of factors, most 
importantly, land-cover and tree species (Lara-Romero et al., 2017).

4.1 Albedo

Our results indicate that there is a complex interaction between tree species and al-
bedo. Albedo varied between broad-leaved or coniferous species. The variation wit-
hin the broad-leaved tree species was also large. Our results showed that broad-leaf 
tree species in this region had higher albedo (higher than 0.2) than conifers (lower 
than 0.2). These results coincide with previous literature suggesting that albedo 
mainly changed according to land cover type, tree species composition and canopy 
structure in forests (Atlaskina et al., 2015; Kuusinen et al., 2014, 2016; Lutz and Ho-
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warth 2014; Lukeš et al., 2013b). Coniferous needles tend to have lower albedo than 
the leaves of broad-leaved trees, similar to the results of Kuusinen et al. (2016). The 
albedo values measured for coniferous tree species in this study were similar to those 
measured by Lukeš et al., 2013a; Roberts et al., 2004; Hollinger et al., 2010; Kuusinen, 
2014; Roberts et al., 2004). Albedo in deciduous plantations was clearly higher than 
that of the evergreen coniferous plantations, which is in agreement with Anderson 
(2011) and Breuer et al. (2003). The lower albedo in conifer trees might be explained 
by darker leaf color and needle-shaped leaves.

Our study con� rmed that ground-based measurements of albedo allow estimating 
in-situ forest surface albedo with an albedo-meter setup similar as used by Riihelä 
and Manninen (2008).

Our study is in line with previous research on albedo changes (e.g., Betts, 2000; Bala 
et al., 2007; Pongratz et al., 2009) and advocates for considering albedo and radiati-
ve forcing consequences of changes in land use (Schwaiger and Bird, 2010) and for 
urban design (Akbari and Menon, 2009). Depending on colour, brightness and the 
type of land cover change, changes in albedo can have negative or positive conse-
quences on the climate (Schwaiger and Neil Bird, 2010). This topic should be more 
widely considered to investigate the warming or cooling e� ects of trees on their en-
vironment.

4.2 Carbon and nitrogen stocks

Our data showed that tree species can have substantial e� ects on soil carbon and 
nitrogen stocks. Total C contents were higher in the broad-leaved stands, in particular 
alder and oak, while total N content in the alder stand was highest above all other 
stands, at 22 years plantation age. These � ndings somewhat disagree with Kooch et 
al. (2019). The changes in the C of the top soils in the di� erent forest types might be 
caused by di� erences in quantity and quality of the forest � oor inputs (Zheng et al., 
2008). In fact, forest � oor quality was the most important source of soil C in the forest 
ecosystem and may have an ambiguous relationship to tree canopy cover (Poeplau 
and Don, 2013).

Decomposition of the forest � oor under coniferous trees is very slow. This may be 
related to poorer substrate quality of conifer needles compared to broadleaved litter 
(Paul et al., 2002). In this research, cypress had rather similar soil C and N stocks as 
broad-leaved trees, with the exception of alder. Thus, our study suggests that some 
broad-leaved plantations (i.e. alder) may have higher soil C stocks as coniferous plan-
tations (cypress).

Signi� cant di� erences in the soil carbon and nitrogen stocks between various tree 
stands support earlier � ndings highlighting the importance of tree species (Templer 
et al., 2012; Demessie et al., 2012; Sariyildiz et al., 2015; Berthrong et al., 2009; Li et al., 
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2012) and the e� ect of land cover on soil C and N (Franzluebbers and Stuedemann, 
2002; Sreekanth et al., 2013).

The di� erence in C or N stocks in the mineral soil layers is largely regulated by spe-
cies di� erence between forest � oor fall inputs and outputs (decomposition), which is 
mainly controlled by forest � oor quality and quantity (Laik et al., 2009; Li et al., 2012; 
Poeplau and Don., 2013) and biochemical properties between coniferous and deci-
duous species (Sariyildiz et al., 2015, Sariyildiz & Anderson 2003).

Soil N stocks followed the same trend of C and signi� cant di� erences (p < 0.01) were 
detected between alder and other plantations. This is probably related to decompo-
sition of forest � oor (Kooch et al., 2019), In this study, decomposition of forest � oor 
from alder plantation is apparently slow, which leads to more C and N accumulation 
than in other stands.

Our observations that mineral soil in broad-leaf stands (e.g., alder and oak stands) 
contained more C and N than in the conifer stand (e.g., cypress stand) disagrees with 
recent studies reporting higher C stocks in coniferous stands (Augusto et al. 2002; 
Jandl et al. 2014, Jandl et al. 2007). Other studies, however, provide evidence that soil 
C stocks in broad-leaved stands may be also higher than in conifers (Sariyildiz et al. 
2015).

Our results further con� rm other studies demonstrating a strong relationship bet-
ween C and N stocks in mineral soil (De Vries, 2009; Sariyildiz et al., 2015), since the 
alder stand with the highest amount of C stocks also had the highest amount of N 
stocks. The high N stock in the alder stand, which is likely related to nitrogen � xation 
by alder roots, agrees with the � ndings of Sariyildiz and Anderson (2005), but contra-
dicts Assad et al. (2013).

Soil C and N concentrations had a close relationship with soil organic matter (SOM) 
(Kooch et al., 2019). High SOM may be caused by continuous input of organic mate-
rials to the soil through forest litterfall (Gama-Rodrigues et al., 2010).

4.3 Regression analysis 

The best selection principle of auxiliary variable is that the correlation between the 
auxiliary variable and the main variable is high, and the auxiliary variable is easily 
obtained (Wang et al., 2013). Among the soil variables, C stocks showed high correla-
tion with soil N stocks (R2 0.73). In turn, the observed strong correlation between soil 
C and N suggest that C stocks can be used as a proxy for soil N stocks. Interestingly, 
soil C and N contents decreased with increasing soil clay content, which agrees with 
McLauchlan (2006).

Regression analysis showed a signi� cant and very tight correlation between albe-
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do and re� ection. Climatic factors such as albedo depend on surface re� ection and 
strongly was in� uenced by the type of the land cover. In our study sites, albedo was 
strongly in� uenced by various tree species of broad-leaved and coniferous. Our study 
showed that forestry activities such as plantation can not only substantially change 
soil C and N stock, but also the canopy albedo.

4.4 TOPSIS ranking

This study reports on the results of � eld measurements of albedo and soil carbon and 
nitrogen stocks in � ve di� erent tree species in Hyrcanian forests at the North of Iran. 
Climate change management cannot be improved in an e�  cient manner, unless ma-
nagement strategies consider the sum of all e� ective factors on climate such as car-
bon stocks, albedo and other greenhouse gases emissions (Hovi et al., 2017). The pre-
sent study shows how C and N stocks, canopy albedo can be combined to detect the 
optimum tree species with the best impact on mitigating global warming. The results 
of soil carbon and nitrogen stocks were combined with albedo into a decision-ma-
king algorithm to make inferences on which tree species would maximize the overall 
result, speci� cally the ones related to mitigate climate change consequences.

Planting trees as a climate mitigation measure has been challenged in various areas 
using coniferous or broad-leaved tree species ad planting material. Thus, improving 
our understanding of the factors controlling albedo, C and N stocks are fundamental 
for forest management activities, such as selection of tree species in plantation sys-
tems and design of reforestation systems for sustainable forests development under 
global warming conditions. 

According to the TOPSIS technique ranking considering albedo and carbon and ni-
trogen stocks, alder was identi� ed as the � rst priority of tree species to be used for 
forest development in northern Iran, followed by oak, maple, poplar and cypress. 
Thus, our study suggests that broad-leaved trees in this area should be favoured for 
forest development compared to coniferous tree species like cypress. This result is 
important for forest management decisions about reforestation and plantation for 
mitigating climate changes and global warming impacts. Future research should in-
tegrate climate change e� ects into assessment of the optimal use of forested lands 
for climate change mitigation.

Signi� cant di� erences in albedo among tree species strongly support the hypothesis 
that broad-leaved tree species have higher albedo than coniferous trees. The soil C of 
alder and oak was higher than conifer tree stand, while soil N content only in the alder 
stand was higher than conifer tree stand. This may be related to the N-� xing property 
of alder, which has led to the higher N stocks than other stands.
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5. Conclusions

Our � ndings demonstrated that surface albedo and soil carbon and nitrogen stocks 
under similar climatic and physiographic conditions are substantially changed by 
tree species in North of Iran. This observation may be used to evaluate the role of ve-
getation on global warming. Forest development with various tree species can help 
to reduce negative consequences of climate change. Until now, forest management 
has been mostly driven by economic consideration and timber production. We hope 
that in the future management decisions like proposed by this study will help mit-
igate climate change. For instance using conifer trees such as cypress may decrease 
the albedo, while broad-leaved trees such as alder appear to increase the albedo as 
well as soil C and N stocks. Reforestation with suitable native broad-leaved trees such 
as alder should help rehabilitate degraded natural forests and mitigate the climate 
change consequences in the Northern Iran.
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