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ABSTRACT

Forest is a kind of natural reserve that provides many goods and services. This work intended to value
a group of environmental services (water and soil conservation, carbon sequestration, oxygen generation,
nutrient cycling, and air purification) provided by two forest types that exist in Zawita area, namely pine
forest and oak forest. This study depended on data collected from forest inventory, key informant
interviews, secondary data, and state institutions and from published and unpublished sources. The
economic value of only the environmental services that were evaluated for each of pine forest and oak
forest in 2022 were 705,000 ID (479.28 US$) and 213,000 ID (144.61 US$)/halyear respectively. These
results present valuable information which could be considered by decision maker to develop policies that

enhance the sustainability of Zawita forest.

KEYWORDS: Economic Valuation, Forest Services, Kurdistan Region, Oak Forest, Pine Forest, Zawita

Forest.

1. INTRODUCTION

orests cover around 25 percent of the
world’s land mass and provide a group of
goods and services that is vital to the wellbeing
of humankind. The intangible benefits consist of
a wide variety of services that help preservation
of biodiversity, watershed protection, and soil
and water conservation. If these values could be
considered in decision making it could
contribute to better preservation consequences
(Landell-Mills and Porras, 2002). Yet, globally
there is an extraordinary rise in deforestation.
According to the Agriculture and Food
Organization (FAO, 2006), each year, almost
thirteen million hectares of international forests
are cut down and changed to other land uses.
This raises a serious concern about the
sustainability of the numerous services provided
by the forest ecosystems. This is one of the main
factors that has caused climate change which
have brought disastrous events in many parts of
the world, such as droughts, floods, global
warming, and forest fires.The rising significance
of the forest ecosystem in global policy may be
seen in different worldwide initiatives such as
reduce emissions from forest degradation and
deforestation (REDD) by supporting sustainable

forest management, and the Paris Contract in
2015 to fight climate change and adapt to its
influence (Masiero et al., 2019).These initiatives
are activated by the fact that mismanagement
and overexploitation of ecosystems joined with
population progress, climate change, economic
development and growing demand for food,
water, materials and energy have triggered
steady degradation and/or damage of habitat
structure over the years according to the
Millennium Ecosystem Assessment (MEA,
2005). The degradation and damage of valuable
ecosystems also weakens the welfare that flows
from environment to people and the economy,
subsequently resulting in a permanent loss of ES
and ecosystem functions, threatening the
sustainability of human well-being (Masiero et
al., 2019). Over the past three decades, a variety
of economic valuation approaches have been
developed to estimate the value of ecosystem
services by using people’s preferences as
expressed by willingness to pay (Akrawee, Z. M,
2020). Valuation methods have discovered the
importance of forest assets and provided a good
understanding of various methods in which
forest capitals benefit mankind (de Groot et al.
2002; Amirnejad et al. 2006).
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Most of Iraq’s natural forests are limited to the
northeastern part of the nation, in foothills
occupied by Kurdish communities (Mosa, W.
L,2016). According to the FAO (2014),
approximately 825,000 ha of Iraq land are
covered by forest or 1.9 percent of the land area
and the planted forests are around 15,000 ha.
The Kurdistan region forests have witnessed
degradation caused by many natural and man-
made factors such as fires, military operations,
natural disaster and conversion to other land uses
that impacted its ecological services (Nasser
1984; Sefik 1981; Chapman 1948). Therefore,
there is an urgent need to value the goods and
services that forest provides in order to be
considered in forest policy formulation and
decision making regarding forest management
and planning which will contribute in better
forest conservation. The indigenous pine forest
exists only in Zawita and Atrush. Its stands are
lightly stocked and composed mainly of pine
species (Pinus brutia Ten.) which is grown
naturally and distributed over a vast area of
Zawita district (Mosa, 2016). The height of pine
trees reaches up to 20 m with irregular branches
and open crown (Shahbas, 2007). It has a
moderate growth and the annual ring width is
about 0.59 cm (Shahbaz et al., 2002). It is
frequently used for reforestation. Dense forest
and stands can be found in some sites while in
other sites open stands and forest are found.Oak
is a native tree species and covers about 70 % of
the total oak area which constitutes about 90%
of the region’s forest (Shahbaz S. E. 2010). It
tends to develop a decurrent growth pattern,
therefore, and objectivesits wood is distributed
over tree branches and tree trunk, and is used for
various purposes (Younis, A. J.,2019). Valonia
oak lives up to 200 years, and its attributes,
height, diameter and crown width may reach 20
m, 100 cm and 7m respectively (Shahbaz,2005).
Oak forest has many environmental and
socioeconomic benefits.

The environmental services provided by forests
are not fully considered by decision makers
because their values were not evaluated
economically. The hypothesis tested in this work
is ‘Zawita forest provides magnificent
environmental services that must be valued in
order to be appreciated in forest management
plan’ This work is a descriptive study design
aims at estimating the values of a given group of
environmental services provided by two forest
types in Zawita area, namely pine forest and oak
forest.

2. MATERIALS AND METHODS
2.1. Study area:

This work was conducted in Zawita forest,
which is one of the most important forest
ecosystems in Duhok Governorate, Kurdistan
Region-lragq (Fig.1). It is located 16 Km away
from Duhok city at 36°54'59"” N and 43°04'46"E
at an elevation range of 720 and 1440 m above
sea level (Mustafa.Y. T.,2014). The entire forest
area is about 41591ha, with nearly 30129 ha of it
consisting of natural forests (Mosa, W. L, 2016).
Since the 1960 of the last century, The Zawita
sub-district has been cited by several visitor’s
guides as one of the main tourist attractions in
Kurdistan Region-lrag and Iraq (Tourist Guide
for Kurdistan Region, 2012). It is well-known
for its famed pine forests; its wide shady spots
make it mainly good-looking in the summer
(Mosa, W. L,2016). The study area is
characterized by beautiful scenery with high
mountains at different points, cultivated
grasslands, deep valleys and mountain chains.
The soils under pine forest are clay, clay loam,
and loam texture and it is clay under oak forest
(Fayyadh, M. A., 2019). From a climatic
standpoint, the study area is comparable to the
Mediterranean  climate circumstances, dry
summer and a modest amount of rainfall through
winter (Koeppe and De Long, 1958). Under the
Koppen-Geiger  system, the temperature
inZawita forest reaches as high as 43°C in the
summer season while the low temperature
reaches under freezing point in the winter
season. From a vegetation and biodiversity
community structure standpoint, the Zawitapine
trees are the main species linked with the oak
trees and the massive shape of the Zawita
foothill chain has traditionally maintained a rich
biodiversity range of animals and plants, (Guleur
and Kettenah, 1972). Therefore, this natural
ecosystem was selected to evaluate the economic
value of its environmental services. The valued
services included water and soil conservation,
carbon  sequestration, oxygen generation,
nutrient cycling, and air purification.

The total area covered during this work is
6596 ha divided into two forest types, pine forest
(2908 ha) and oak forest (3688ha). The ground-
based forest inventory revealed that pine forest
had almost only one tree species (Pinus brutia
Ten.) with very poor biodiversity. The average
number of trees, diameter and basal area were
240/ha, 22.25 cm and 13.62 m? /ha respectively.
In the oak forest, valonia oak was the dominant
species, other species could also be found such
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as Quercus aegliops, Quercus infectoria, Pistacia
khinjuk, P. mutica, Acer cinerascens, Crataegus
azarolus, Pyrus syrica, and Celtis). Oak forest
consisted of copies grown from the stump of the
trees. The copies were small in size and the
forest inventory revealed that the average
number of trees, diameter and basal area were
360/ha, 7 cm and 1.72 m?® /ha respectively. Oak
forest was richer than pine forest with respect of
biodiversity.
2.2. Data collection

Three methods were used in data collection.
The first one was interviewing key informants
which included the local chief (Mukhtar),
government employees and the Zawita forest
technicians in order to obtain information about
the study area that cannot be obtained from other
sources. In the second method, secondary data
were collected from reports, government
institutions, research organizations, internet
sources, journal articles, and local factories in
Duhok governorate. In the third method, data
was obtained directly from the study area
through conducting forest inventory to obtain
data which could be used to estimate growth and
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yield of the two forest types. Systematic
sampling with equal radios of 17.8 m was
conducted (Husch et. al., 2002). Mines field
cover considerable area in both forest types,
especially in oak forest. For security reason,
samples from such area were not taken.
Accordingly, more plots were taken from pine
forest (75 plots), while only 35 plots were taken
from oak forest. The forest inventory operation
was carried out from December, 2021 to May,
2022.

To forecast future growth, multiple
Regression analysis was used to establish a
relationship between past diameter growth of
trees as independent variables and expected
future diameter growth as dependent variables
for each of pine trees and oak trees. Past
diameter growth was obtained using increment
borer, and from cross sections at breast height
for very small trees. Sample of 43 pine trees and
44 oak trees were taken. The pine sample
included sapling trees with small diameter as
low as 4 cm and the biggest one was 75 cm.
While oak sample included copies as small as 2
cm and the biggest tree had a diameter of 30 cm.

Study area
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Fig (1): The Location of the study area.

2.3Valuation Methods

Many goods and services that are produced
by forests are not traded in the market, therefore,
it is hard to attach economic values to them, yet,
these goods and services are essential for human
wellbeing. As such, it is very important to

develop methods to value them in order to reveal
the true value of forest which could be
implemented in forest policy formulation and
forest management and planning. Over the past
three decades several effective economic
methods have been developed to estimate the



Journal of University of Duhok., Vol. 26, No.1 (Agri. and Vet. Sciences), Pp 1-13, 2023

value of such forest services. In general, these
methods can be grouped into three approaches;
stated preferences, revealed preferences, and
direct market valuation methods. Benefit transfer
approach can also be used when it’s difficult to
develop a value for a particular service (P. Riera,
2012). In this work, different direct market
approaches were employed as listed in table 1.

These methods have also been adopted by J.
Boyd and S. Banzhaf (2007), B. Fisher (2009)
and R. Godoy (2007).

Table (1): Valuation approaches adopted for different services of Zawita forest.

Ecosystem service

Valuation method(s)

Benefits

Water conservation alternative cost

storing rainfall water

Soil protection opportunity cost approach

controlling erosion in a dam

Carbon sequestration market price

absorbing CO,

Oxygen generation replacement cost

releasing oxygen

Air purification alternate cost

absorbing air pollutants (SO,& NO,)

Soil nutrient cycling replacement cost

accumulating nutrients

2.4.1 Water Conservation

This service is accomplished by the process
of filtration of precipitation into the groundwater
that is facilitated by the forests. To calculate the
amount of conserved water in forest, the average
evaporation and water run-off rates is subtracted
from the average annual rainfall received in the
study area. Same procedure is followed to
calculate the amount of water conserved in
medium  vegetation cover, the difference
between the above two calculated quantities is
the conserved water attributed to the forest. The

Vr =0.23 Pr Cr Kr $*®7r; (R*=0.82)

Where V. is the runoff depth (in mm), r is the
average rainfall depth which is 762 mm
(Directorate of Meteorological station), Pr is the
conservation practice which is 1 for no practice,
C. is the vegetation cover which is 0.77 and 0.54
for medium cover and forest land respectively,
Kis the soil texture parameter which is
considered 1for medium soil texture in study
area, S is the surface slope of Study which was
assumed to be 0.1 (10%) as an average value.
The obtained value in addition to the evaporation

value was deducted from the amount of
annual precipitation to obtain water that is
filtered into the ground water. Value of
conserved water is calculated by multiplying it

V, = 0.743 $*? V**P,CKs; (R? = 0.95)

Where V; is the annual erosion losses in
m/ha, S is the surface slope of the study area
which is assumed to be on average 0.1, V, is
runoff depth which will be calculated from

rainfall storage method was adopted to estimate
the value of conserved water (Xue and Tisdalle,
2001: Xi, 2009). Dawod and Julien (1987)
developed a model (equation 1) that estimate
runoff depth in Zawita forest under different
situations related to conservation practice,
vegetation cover, and soil texture. The
developed model was utilized to calculate water
conserved in each of bare land and pine forest.
Such model has not been developed for oak
forest; therefore, the model developed for pine
forest was used as a proxy for oak forest;

with cost of storing one cubic meter of water in
Duhok dam which was estimated to be
0.007US$/m”.
2.4.2 Soil Conservation

Forest protects soil from the direct rainfall
impact and it reduces speed and amount of
runoff. Hence, forests greatly contribute in
reducing soil erosion and its sedimentation in
rivers, reservoirs and extended dams’ life
(Junhua, 1999; Xue and Tisdell, 2001). To
estimate amount of soil erosion in bare land and
pine forest land the following model developed
by Dawod and Julien (1987) using data taken
from Zawita forest. Same model was used as a
proxy for oak forest;

equation (1), P, is conservation practice
parameter which is 1 for no practice, C; is the
vegetation parameter which is 0.52 and 0.23for
medium cover land and forest land respectively,
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K, is the soil texture parameter which considered
equal to 1 for clay soil.

The difference between the magnitude of the
eroded soil of bare land and forest land
represents the contribution of forest in soil
conservation. The percentage of sediments that
cause damage by entering reservoirs or rivers to
entire soil loss was assumed to be 50% (Okelo,
2008). Soil conservation value was measured
based on avoided cost of sediment removal from
dredging rivers and reservoirs (Xue and Tisdalle,
2001). This cost was estimated to be on average
around 1.59US$/m’in Kenya (Ikobe, 2014) and
1.592US$/m’in Vietnam (Nguyen, M. D., 2016).
In Kurdistan Region, this cost was assumed to be
1.592US$/m® because of unavailability of such
figure at local level.

Log V =-4.17608 + 2.57749 (log D)  for Pine
VT =-9.84006 + 2.59526 Ln D for Oak
Dg =4.95072 - 0.0643509*D for pine
Dg=0.677784 + 0.0651737*D for Oak

Dg is diameter growth (cm); D is diameter at
breast height (cm). The developed diameter
growth equations were then used to estimate
current yield and future growth of the stands of
each species using the forest inventory data.

Results of the growth of each forest type
along with the latest informed parameters used

2.4.3 Carbon Sequestration

Forests regulate the air by storing carbon and
releasing oxygen (Ninan, 2013). Main stem
volume of pine trees was obtained using a model
developed by Kalkhan (1980) (equation 3),
while the total volume of oak trees was
calculated using the model developed by Younis
(2019) (equation 4). Diameter growth of each
type of tree was modeled using past diameter
growth as an independent variable. For pine
species 43 trees were taken with diameter
ranging 4 - 75 cm and for oak species 44 trees
were taken with diameter ranged 2-30 cm.
Equations 5 and 6 were obtained.

..................... 3)
(R?=0.985) ©ovveeeeeeeeennn, ()
(R2=0.86) vveeeenn.... (5)

(R2=0.90) ...ccvveeenn... (6)

by IPCC (2006) for converting wood to dry
biomass and to carbon were used to calculate
amount of carbon sequestered each year using
the following procedure adopted by Bagkent, E.
Z. (2021) and Ninan, K. N. and Kontoleon
(2016);

1- Aboveground Biomass (ABG)= V¥*WD*BEF*CF ....... ..., (7
2- Belowground Biomass (BGB) = V¥*WD*BEF*CF*R ..., (8)
3- Carbon in Deadwood (Organic matter) = V¥*WD*BEF*CF*0.01 .....................oeeee. 9)
4- Total carbon sequestration = (ABG + BBG+ Carbon in Deadwood)........................... (10)

Where V is the annual growth (m®ha/year)
which estimated to be 6.5093 for pine and
0.7076 for oak, WD is wood density which is
0.7363ton/m® for oak (AA, A., Suliman, 2021)
and 0.4676 ton/m>for pine (Al-Muhaisin, 1979),
BEF is biomass expansion factor which is 1.5for
pine (IPCC, 2006), CF is Carbon fraction which
is 50% of the biomass density (IPCC, 2003), R is
root-to-shoot density which is 0.40 for pine and
0.46 for oak as recommended by the (IPCC,
2006). The proportion of carbon in
deadwood was assumed 1% as stated by
Baskent, E. Z. (2021).

The World Bank report (2021) presented the
carbon prices across emissions crediting and
trading schemes in several countries, it ranged
from under 1US$/tCO, in the Mexican carbon
tax to 137US$/tCO, in the Swedish carbon tax.
Langat, D. K. (2016) estimated the carbon price

in Kenya to be 10US$/tCO,. In India, Ninan, K.
N., & Kontoleon, A. (2016) applied the marginal
social damage to estimate COypricewhich was
found to be 20US$/tCO,. In Iran, Komeil, J.
(2017) also used marginal social damage costs
for this purpose which was found to be
20US$/tCO,. Baskent, E. Z. (2021) used a price
of 20US$/tCO,.Due to the drastic changes in
world climate that has been witnessed in the past
few years CO, prices have been considerably
increased, the current trend in carbon prices is
50US$/tCO, which was used in this work (World
Bank, 2021).
2.4.4 Oxygen Generation

The oxygen generation capacity of forests
depends on carbon storage capacity, by
implementing the photosynthesis  reaction
formula (Xue and Tisdalle, 2001; Xi, 2009).
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6C0, (264g ) + 6H,0  (180g)

> CgHy,04 (180g) + 60, (1929)

Polysaccharide (162g cellulose or starch)

Based on the above formula, 1 ton of absorbed
CO; releases 0.73 ton of O, (192/264). The
economic value of Oxygen is estimated using the
average cost of industrial oxygen production
which is 150US$/ton in Duhok governorate.
2.4.5 Nutrient Cycling

Annual biomass growth is required to
estimate the amount of nutrients generated by
forest each year. The obtained value for annual
biomass growth for each species which was
calculated in the section related to carbon
sequestration is used for this purpose. To
estimate the quantity of nutrients generated by
the forest, these figures are multiplied with
concentrations of NPK in the biomass. A study
in Beijing (China) found that NPK
concentrations are 0.01186 and 0.01644
t/ha/year for pine and oak forest respectfully
(Xue et al., 2001). Because of unavailability of
better estimates of NPK concentration to count
on, the figures from Beijing, which has
precipitation similar to that in Zawita area, were
used in this research. The soil nutrient cycling
value was estimated using a replacement cost
approach. In Kurdistan Region of Iraq, the
average whole price of mixed fertilizers is
1400US$/ton.
2.4.6 Air purification

The vegetation cover has an imperative role
in regulating atmosphere quality by eliminating
pollutants gaseous from the air such as SO,, NO,
(Nowak, 2000). Bahzad (2020) found that
Zawita district is contaminated with these two
gases. The pollution absorption ability of trees
differs depending on tree, forest and site

features, location, periods and weather
circumstances, pollution levels, etc. A study by
Yoshida (2001) in Japan, found that the annual
absorption rates of NO, and SO, at 15.6 and 10.8
kag/ha respectively. These figures were used in
this research. To estimate the economic value of
air purification, the engineering cost or
abatement cost of controlling NO, and SO, is
used. The study by Ning, et. al. (2016) noted that
the abatement cost for NO, and SO, was
287US$ and 96US$ per ton respectively. These
figures are used to value air purification service
in the two forest types.

3. RESULTS

3.1 Water conservation

The average percentage of annual
precipitation that is intercepted and conserved in
the pine forest was calculated to be 86% and
only 14% flows away as surface
runoff/evaporation. Because of unavailability of
a model that estimates the percentage rainfall
that is stored in oak forest, the figure obtained in
pine forest was used as a proxy for oak forest.
The price of water conservation was estimated
using water storage methods based on the
average cost of storing 1 m® of water in Duhok
dam. The annual economic value of water
conservation in the study area, on hectare bases,
for both of pine forest and oak forest was found
to be 67,500 ID/hal/year (45.95US$). The annual
value for the entire study
areawas196,435,000ID/year  (133,628.99US$)
and 249,123,000 ID/year (169,471.71US$) for
pine and oak forest respectively.

(Table 2): The Value of water conservation by forest type in the study area

Description Pine Forest Oak Forest
Area 2908 3688
Water conserved (m*/halyear) 6,564.6 6,564.6
Water conserved per forest (m*/year) 19,089,856.8 24,210,244.8
Value of water per hectare ($/year) 45.95 45.95
Value of water for the forest ($/year) 133,628.99 169,471.71

3.2 Soil conservation

The value of this service was measured using
an avoided cost approach for soil protection
based on the cost of sediment removal from a
dam or water course. The annual economic value
of reducing soil erosion in the study area for

both pine forest and oak forest was estimated to
be 23,000 ID/halyear (15.39 US$). These values
are equivalent to 65,808,000 ID/year
(44,767.61US$) and 83,430,000 ID/year
(56,755.43US$) for pine forest and oak forest
respectively.
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Table (3): The value of soil conservation by forest type in the study area

Description Pine Forest Oak Forest
Area 2908 3688
Soil eroded in bare land (m*/ha/year) 26.32 26.32
Soil eroded in forest land (m*/ha/year) 6.98 6.98
Soil conserved by forest (m*/ha/year) 19.34 19.34
Soil conserved by forest (m*/year) 56,240.72 71,325.92
Cost of removing eroded soil (US$/m") 1.592 1.592
Cost of removing eroded soil (US$/ha) 15.39 15.39
Total cost of removing eroded soil (US$) 44,767.61 56,755.43
3.3 Carbon sequestration ID/halyear (19.14US$) respectively. These

This service was valued based on the market
price of CO; in the international carbon market.
The annual economic value of carbon fixed in
pine forest and oak forest was found to be
158,000 ID/ha/year (107.28US$) and 28,000

values translate to a total value of 458,613,000
ID/year (311,982 US$) and 103,791,000 ID
(70,606 US$) per year for pine forest and oak
forest respectively.

Table (4):- The Annual Value of Carbon sequestration by forest type

Forest Forest pool Area Total Carbon Total carbon Value of Total value of
type (ha) annual stock stock(ton/yea  carbon stock carbon  stock
growth (ton/ha/ r) (US$/halyear) (US$/ year)
(ton/ha/ year)
year)
Pine Aboveground 2908 3.0437 1.5218 4425.39 76.09 221,267.5
Forest Belowground 2908 1.2174 0.6087 1,770.09 30.43 88,504.5
Deadwood 2908 0.0304 0.0152 44.20 0.76 2,210
The annual value of carbon sequestration 107.28 311,982
Oak Aboveground 3688 0.5210 0.2605 960.72 13.02 48,036
Forest Belowground 3688 0.2396 0.1198 441.82 5.99 22,091
Deadwood 3688 0.0052 0.0026 9.58 0.13 479
The annual value of carbon sequestration 19.14 70,606

3.4 Oxygen generation

The value of this service was estimated based
on the carbon storage in each forest type and the
price of local industrial oxygen manufacturers in
Duhok Governorate. The annual economic value
of the oxygen generation for pine forest and for

oak forest was estimated to be about 345,000
ID/halyear (234.92 US$) and 62,000 ID/ha/year
(41.89 USS$) respectively. The total annual value
turned out to be 1,004,269,000 ID/year (683,176
US$) and 227,126,000 ID/year (154,507 US$)
for pine forest and oak forest s respectively.

Table (5): The Value of Oxygen generation by forest type

Forest Forest pool Area Carbon stock Oxygen Total Oxygen value Total oxygen
type (ha) (ton/halyear) generated oxygen (US$/halyear) value of
(tons/ha/ generated (US$lyear)
year) (tons/year)
Pine Aboveground 2908 1.5218 1.1109 3,230.53 166.63 484,574.58
Forest  Belowground 2908  0.6087 0.4443 1,292.17 66.64 193,803.66
Deadwood 2908  0.0152 0.0110 32.26 1.65 4,798.2
The annual value of Oxygen generation 234.92 683,176.44
Oak Aboveground 3688 0.2605 0.1901 701.08 28.51 105,163.32
Forest  Belowground 3688  0.1198 0.0874 322.33 13.11 48,349.68
Deadwood 3688  0.0026 0.0018 6.63 0.27 994.5
The annual value of Oxygen generation 41.89 154,507.5

3.5 Nutrient cycling

This service was valued using replacement
cost methods based on the average price of
mixed fertilizers in the Kurdistan region. Its
economic value for pine forest and oak forest
was estimated to be 104,000 ID/ha/year (71US$)

and 26,000 ID/ha/year (17.5US$) respectively.
The total values for this service were
302,226,000 ID/year (205,596 US$) and
94,874,000 ID/year (64,540 US$) per year for
pine forest and oak forest respectively.
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Table (6): The Value of nutrient cycling by forest type

Forest Forest pool Area Biomass Total Quantity Quantity Value of Value of
type (ha) growth biomass of NPK  of NPK  nutrient nutrient
(t/ha/yea) (ton/year) (t/ha/year) perforest (US$/halye (US$/ year)
ar)

Pine Aboveground 2908  3.0437 8,851.07 0.036 104.97 50.53 146,963.3

Forest Belowground 2908 1.2174 3,5640.19 0.014 41.98 20.21 58,781.4
The annual value of nutrient cycling 70.74 205,744.7

Oak Aboveground 3688 0.5210 1,921.44 0.0085 31.58 11.99 44,224.04

Forest Belowground 3688 0.2396 883.64 0.0039 14.52 5.51 20,337.96
The annual value of nutrient cycling 175 64,562

3.6 Air purification
This service was valued based on the

USS$). These values on forest level are equivalent
to 20,292,000 ID/year (13,804.62 US$) and

abatement cost of controlling SO, and NO,. Its 25,740,000 ID/year (17,510.02 Uss)
value for pine forest and oak forest was respectively.
estimated to be about 7,000 ID/halyear (4.74
Table (7): The value of air purification by forest type in study area
Forest type Type of Area(ha) Absorption Total absorbed The abatement The annual
gases amount (Kg/ha) quantity (t/year) cost (US$/ton) value US$
Pine Forest SO, 2908 8.8 25.59 96 2,456.64
NO, 2908 13.6 39.54 287 11,347.98
The annual value of air purification 13,804.62
Oak Forest SO, 3688 8.8 32.45 96 3,115.2
NO, 3688 13.6 50.15 287 14,395
The annual value of air purification 17,510.02
3.7 The total annual economic value: A be705,0001D/halyear (479.28US$) and 213,000

summary of the estimates of the annual
economic value of the valued environmental
services provided by each pine forest and oak
forest and evaluated in this work is presented in
Table 8. The annual economic value for pine
forest and oak forest was found to

ID/halyear (144.61US$) respectively. On forest
level, these wvalues are equivalent to
2,047,645,000 ID/year (1,392,955.66US$) and
784,084,000 ID/year (533,390.66US$) per year
respectively.

Table (8): Summery of annual economic value by forest type in the study area.

Ecosystem services Value (US$ Total value (US$ /year) Contribution to total
/halyear) value (%)
Pine Forest
Water conservation 45.95 133,628.99 9.58
Soil conservation 15.39 44,767.61 3.21
Carbon sequestration 107.28 311,982 22.38
Oxygen generation 234.92 683,176.44 49.01
Nutrient cycling 71 205,596 14.81
Air purification 4.74 13,804.62 0.988
Total 479.28 1,392,955.66 100
Oak Forest
Water conservation 45.95 169,471.71 31.77
Soil conservation 15.39 56,755.43 10.64
Carbon sequestration 19.14 70,606 13.23
Oxygen generation 41.89 154,507.5 28.96
Nutrient cycling 17.5 64,540 12.10
Air purification 4.74 17,510.02 3.27
Total 144.61 533,390.66 100

Note: The exchange rate of 1 US$ = 1470 1QD the average annual for 2022.
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4. DISCUSSION

The value of water conservation for each of
pine  forest and oak  forest  was
45.95US$/halyear. This value is lower than that
of 64.12 and 146.79 US$/ha/year in Iran and
China respectively as reported by (Komeil, J.,
2017) and (Xue and Tisdell, 2001) respectively.
This could be attributed to amount of
precipitation which is greater in the study area of
these two nations which facilitate obtaining
denser forest. The value of soil conservation is
varied depending on the method applied in
valuation and nature of the forest ecosystem
under consideration (Langat, D. K, 2016). The
value of this service was found to be 15.39
US$/hal/year which lies within the range of
values obtained in other countries. This service
was valued at 4.9, 15, 46,101.1, and 205.4
US$/halyear in United Kingdom, USA, Kenya,
Indian and Iran respectively as reported by
(Pearce, 2001), (De Groot et al., 2012), (Langat,
D. K., 2016), (Ninan, K. N., 2016), and (Komeil,
J., 2017) respectively. The value of soil nutrient
cycling for pine forest and oak forest was
estimated to be 71 US$/halyear and 17.5
US$/halyear respectively. Oak forest was
severely understocked compared to pine forest,
therefore its value for nutrient cycling came low.
Identical results were also witnessed in carbon
sequestration and oxygen generation services
because their values also, in part, depend on
stocking level. The value of nutrient cycling
obtained in other countries were 3, 6.19, 13.3,
40.27, and 96.23 US$/halyear in China, USA,
Indian, Kenya and Iran respectively as reported
by (Xue and Tisdell, 2001), (De Groot et al.,
2012), (Ninan, K. N., 2016), (Langat, D. K,
2016) and (Komeil, J., 2017) respectively. The
variation in value is mostly attributed to how
vigor is the forest with respect to annual growth
and on the price of NPK fertilizer in these
nations. This indicates that the economic value
obtained for both pine and oak forests do not
deviate from values obtained in other countries.

Forests play an important role in climate
regulation by balancing the levels of CO, and
oxygen cycle in the air. The contribution of the
study area in climate regulation was estimated
based on market price of CO, in the international
carbon market and cost of producing oxygen at
local level. The value of carbon sequestration for
pine forest and oak forest were about 107.28
US$/halyear and 19.14 US$/halyear
respectively. Poor stocking of oak forest made

pine forest has much more value than that of oak
forest. The carbon sequestration value for pine
forest is much higher than the values reported in
other parts of the world which were 11.80, 31.63
and 4.46 US$/ha/year in Indian, Iran and Turkey
respectively as presented by (Ninan, K.
N.,2016), (Komeil, J., 2017) and (Baskent, E. Z.,
2021) respectively. This is attributed to the
increase in the prices of CO2 by two and half
folds as a result of the climate change issues.
The value of oxygen generation for pine forest
and oak forest was about 234.92and
41.89US$/halyear respectively. The oxygen
generation value for pine forest is lower than
values presented in Kenya which was 1,365
US$/halyear as reported by (Langat, D. K.,
2016) and slightly higher than value presented in
China which was 52.09 US$/ha/year by (Guo,
Z., 2001). The value of latter two services for
oak forest cannot be compared to forest in other
parts of the world because of its poor stocking.

The air purification service of pine forest and
oak  forest ~was  estimated to  be
about4.7US$/hal/year for both forest types which
is lower than figures obtained in China, Indian
and Turkey which were 9, 29.65 and 7.5
US$/halyear respectively as reported by (Xue
and Tisdell, 2001), (Ninan, K. N.,2016) and
(Baskent, E. Z., 2021) respectively. This could
be attributed to variation in forest type, forest
cover and the different prices(costs)of abatement
cost for air pollution removal.

This study has revealed that the annual
economic value of the assessed environmental
services for pine forest and oak forest was about
479.28 and 144.61 US$/ha/year. With regard to
the value of Oxygen generation both Pine forest
and Oak forest had the highest share of total
value which was 49% and 29% respectively.
This could be attributed to the high price of
oxygen production obtained from the local
factory. The value of carbon sequestration
service for pine forest had the second-high share
which was 22%. This could be attributed to the
sharp increase in the price of this service
globally from US$20/t CO, to US$50/t CO, over
the past few years because of increased cost of
disasters caused by climate change. The value of
water conservation service for oak forest had a
high share which was 32%. This could be
attributed to forest canopy and vegetation under
trees can slow down runoff of rainfall, and forest
soil, because of its good permeability, can foster
infiltration of precipitation to groundwater and
normal rainfall rate in the study area. While the
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values of the other services were pretty normal
compared to the value from the studies. The
discrepancy between the results of this work
compared to results obtained from other parts of
the world could be caused by variation in forest
factors such as (stocking, forest type, growth,
and vyield) and environmental factors (soil
category,  topography, climatic  factors,
precipitation, agro-ecological and demographic
factors).

5. CONCLUSION

The annual value of the considered
environmental services for pine forest was about
705,000 ID ID/halyear (479.28 US$), and for
oak forest about 213,000 ID/ha/year (144.61
US$). The economic value of oak forest came
very low compared to pine forest because it was
a degraded forest their trees are mostly shoots
grown from stumps. Oak forest surpasses pine
forest in value if they have similar stocking that
is because of its high socioeconomic values.
This work reveals that both pine forest and oak
forest provide substantial value despite that only
few services were considered. Valuing other
services, both direct and indirect use values, in
addition to nonuse values will greatly upgrade
the importance of these forests. Considering the
results obtained in this research in forest policy
formulation and decision making regarding
forest management and planning will greatly
contribute to the sustainability of local forests.
As a result, steps have to be taken to enhance the
current efforts to protect the forest from both
natural and manmade factors that adversely
affect the status of Kurdistan Region forest. It is
also very necessary to raise the society's
awareness of the importance of forests and the
right of future generations to enjoy their
services.
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