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Tablel. Biome equivalents for land use categories and corresponding ecosystem service coefficients (source: de
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coefficient Equivalent biome Code Land use/land cover
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3015 Temperate Forests 2 <.
Forest
4267 Fresh water lakes and 3 Wsg, g o o,
rivers Water bodies and river
2872 Grasslands 5 &y
Range
0 Desert 6 b
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Table 2. Ecosystem service coefficients (source: de Groot et al., 2012)

o 4 G b
lJ . 4 " . |§ . L L
B);fe Rf:lfo e Water bodies Foreét ke i 35T loas
g and river w5 =
Ecosystem services
0 1192 106 299 e g
Food production
0 60 1808 191 <l ez
Water supply
0 53 0 181 Pl slaosle
Raw materials
0 0 0 0 & sleae
Genetic resources
0 0 0 0 @l g
Medical resources
0 0 0 0 s sbae
Ornamental resources
0 0 0 0 98 ZadeS Jposd
Air quality regulation
0 40 0 152 eldl o
Climate regulation
0 0 0 0 e ol
Disturbance regulation
0 0 0 0 ol s
Water regulation
0 75 187 7 ks
Waste treatment
0 44 0 5 el J S
Erosion control
0 0 0 93 e Slye 2z
Nutrient cycling
0 0 0 0 sl 03,7
Pollination
0 0 0 235 e S
Biological control
0 0 0 0 ez oleas
Nursery service
0 1214 0 862 SIES
Genetic diversity
0 167 0 0 LD ol Sleas
Aesthetic services
0 26 2166 989 Sl
Recreation
0 0 0 0 el
Inspiration
0 0 0 0 Sy sloay 2
Spiritual experience
0 0 0 I LD drsd

Cognitive development
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Table 3. Transition probability matrix between 2015 and 2035

»b &y $329LS s sbay S Ol sl diilaio
Bare Range Agriculture PHESKPY) Forest ool> g s lw
Water bodies Settlement and road
and river
0.03 0.03 0.03 0.03 0.03 0.85 odler 5 el oyludl slolie
0.000 0.13 0.14 0.0041 0.714 0.01 Settlemenit and road
. . . . . . e. >
0.018 0.060 0.185 0.719 0.000 0.015 Forest
‘ ' ' ‘ : ' 609 9 2l slodiee
Water bodies and river
0.000 0.061 0.789 0.043 0.000 0.105 o les
(€35}
Agriculture
0.002 0.798 0.167 0.0153 0.000 0.015 Sy
Range
0.466 0.428 0.092 0.010 0.000 0.002 b
Bare
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Table 4. Land use area coverage (ha): 1984, 2015 and 2035

o) i gyf (5 51,5 Ao
2035 2015 1984 Land use/land cover
146967.3 57928.6 11527.5 odler 5 el gludl slolie
315789 437889.9 571366.3 Settlemenit and road
. . e. >
71226.6 46159.1 31911.1 Forest
: : : alsog, 5 ol sloaiy
Water bodies and river
749267 690614.9 623217.5 LS
009
Agriculture
744767 774599.3 716711.3 .
&r
Range
20407 41234.2 93962.3 b
Bare
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Table 5. Total ecosystem service values estimated for each land use and land cover category from 1984

(Jlw 33 ;¥ (youkeo) ESV o) g/ (51,5 adndo
2035 2015 1984 Land use/land cover
952 1320 1722 S
Forest
303 196 136 4l09) 9 2l sladig
Water bodies and river
2138 2224 2058 Er
Range
L
0 0 0 Bare
3393 3740 3917 Eyoe
Total
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Table 6. Total ecosystem service changes from 1984 to 2035

3 A Gl o) pi g/ (6 1)1 b
2015-2035 1984-2035 1984-2015 Land use/land cover
0 O 0 oét? 9 wL.c uLw.vl LngA.a.la...c
Settlement and road
368 770 -402 S
Forest
107 167 60 alog) 5 2l sloaigy
Water bodies and river
0 0 0 Sy9las
Agriculture
-86 80 166 Er
Range
L
oA
0 0 0 Bare
-574 -523 -176 Eooe
Total
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Table 8. Estimated annual value for each ecosystem services (ESVfin $ million per year)

g Caous 1984 2015 2035 ¥ N9,
Ecosystem services Change trend
e .y 1028 1059 989 bl 5
Food production Decrease/Increase
<l ez 209 213 233 ol
Water supply Increase
pL slaosle 141 120 96 el
Raw materials Decrease
&5 slogse
Genetic resources
sl sas 1 1 1 S 9
Medical resources No Change
) slae
Ornamental resources
lg cuaS sle Joleo
Air quality regulation
Climate regulation Decrease
VSRV AN
Disturbance regulation
ol ke
Water regulation
aciad 63 69 71 Sl
Waste treatment Increase
el p JysS 34 36 34 elS] gl
Erosion control Decrease/Increase
Nutrient cycling Decrease
G.L...sl oS )f
Pollination
) IS 134 103 74 el
Biological control Decrease
ol Sleas
Nursery service
&5 ES 1362 1317 1176 oRels
Genetic diversity Decrease
Aesthetic services Decrease/Increase
T 652 553 485 el
Recreation Decrease
5 plell
Inspiration
Syne Gloay s
Spiritual experience
] 1 1 1 e 9
Cognitive development No change
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Table 8. Coefficient of sensitivity (CS) after adjusting ecosystem services coefficients
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Introduction: Ecosystems provide a wide range of services that vary in quantity and quality depending on the type of
ecosystems and their status. Estimating the ecosystem services value (ESV) is very important to support land use planning
processes. Ecosystem services are under great pressure due to urban growth and its effects. The human activities that reduce
ecosystem services include land use/land cover (LU/LC) change driven by agricultural activities and urban growth. In this
paper, we assessed LU/LC dynamics in Golestan Province using change detection and Markov chain as inputs for ESV of
different land use types to estimate the amount of services. We also used sensitivity analysis to explore the robustness of

results by 50% adjustment of value coefficients.

Material and methods: Golestan Province is one of the 31 provinces of Iran, located in the south of the Caspian Sea. In
this study, multi-temporal data of LU/LC were produced from multispectral Landsat imagery acquired on two separate
years (1984 and 2015). We also analyzed ecosystem service values for 2035. Markov chain was used for quantity forecast-
ing. Markov Chain Analysis is a convenient tool for modeling land use change, when changes and processes in the land-

scape are difficult to describe. LU/LC data were analyzed using Ecosystem Services Value (ESV) for different biomes.

Results and discussion: Land cover classification indicated that settlements were the most increased land cover over the
study period. From 1984 to 2014, ecosystem service values of forests decreased from 1722 to 952 million dollars. Annual
value of 22 ecosystem services was estimated. In terms of the estimated ESV, food production, raw materials, climate
regulation, nutrient cycling, biological control, genetic diversity and recreation were reduced while the rest of ESVs were
increased/decreased. The effect of using different coefficients to evaluate the total ESV in Golestan Province was evalu-

ated. The coefficient of sensitivity (CS) of these analyses was less than one in all cases. Our results of analyses indicated

* CorrespondingAuthor: Email Address. hrkamyab@gau.ac.ir
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that the total ecosystem values estimated for Golestan Province were relatively inelastic, which also suggests that our
ecosystem value evaluation is reasonable.According tothe LU/LC within the landscape, our results indicate that rangelands
and forests provide a higher level of ecosystem service than others due to the relatively larger area coverage and higher
value coefficients and hence a reduction in this particular component of the ecosystem hampers a balanced flow of services

from the landscape.

Conclusion: Ecosystem service value estimation based on LU/LC analysis is very important to indicate the changes in
the amount of services through urban growth on spatial and temporal scales. Such estimations in local, regional and global
scales are important in influencing land use planning processes through modifying national accounting systems to reflect
the true values of ecosystem services so that it will be ultimately used as a basis for sustainable development. Another

benefit could be related to land use optimization projects to increase ecosystem services.

Keywords: Ecosystem services, Land use/land cover, Payment for ecosystem services, Golestan Province.
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