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Abstract

Ecosystem assessments have become increasingly important as the hazards posed by natural and human
drivers, and the pressure on natural ecosystems increases, especially in developing countries as Iran. This is
particularly true for the Lake Urmia watershed due to its vital role in in the provision of various ecosystem
services that that different groups of stakeholders benefit from. In this research, a combination of two
guantitative assessment methods based on ecosystem modeling using the Water World Policy Support
System (WWPSS) and a descriptive assessment using the Driver-Pressure-State-Impact-Response (DPSIR)
conceptual framework was applied to link the results of evaluating land-use change, climate change and their
effects on echo-hydrological parameters (vegetation, water budget, runoff, and soil erosion) with the aim of
spatial zoning of hazards and its application in principled and conscious environmental management in the
watershed of Lake Urmia .Vegetation loss caused by climate change has resulted in a change in the average
net soil erosion in the watershed from -0.012 to 0.20 mm per year per square meter. In other words, the
average soil erosion in the watershed only during the period under review rose dramatically by more than 3
tons per hectare. If this trend continues, soil erosion will become more severe.The capacities of the proposed
method used in this research can be developed and more innovative solutions can be investigated to face
ecological challenges in watershed management by further application of quantification models of eco-
hydrological functions in the future.

Keywords: Assessment of the hazards, Vegetation Loss, Ecosystem Services Modeling, Conceptual framework
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Extended abstract

Introduction

Vegetation in rangeland ecosystems, which is influenced by climatic conditions (temperature and
precipitation) is among the key factors in providing various ecosystem services, especially soil conservation,
sediment and erosion control, and maintenance of quality in aquatic habitats. Therefore, the provision of
such services has been severely affected by the two phenomena of climate change and land use changes in
recent decades. (Dirnbdck et al., 2003; Galbraith et al., 2010; Hanewinkel et al., 2013; Riordan & Rundel
,2014; Song et al., 2018). Lake Urmia in the northwest of Iran, as one of the international wetlands under the
Ramsar Convention, has faced problems such as declining water levels, gradual drying due to increase in
average temperature and decrease in precipitation as well as unprincipled conversion and land use change
over the last two decades. The cumulative effects of such problems have led to the deterioration of the
vegetation condition in the region. This research was carried out using ecosystem services modeling
approach to assess ecological hazards caused by vegetation loss at the watershed scale and and influenced by
a set of driving forces of land use changes and also by climate change. It then analyzed the results of the
modeling under the integrated framework of ecosystem services and the driver-pressure-state-impact-
response (DPSIR) model. For this purpose, the main stages of this research included the following steps:

(a) Assessing of the baseline (past) and existing (current) condition of the Lake Urmia watershed and
determining the changes that have occurred in its physical-ecological condition, including land use/cover,
climatic parameters (temperature and precipitation), vegetation, hydrological parameters (runoff , water
budget and soil erosion); (b) predicting the quantity of possible future changes in the physical-ecological
condition of the watershed based on the scenario modeling method; (c) analyzing the ecosystem hazards
caused by vegetation loss using the results obtained from the previous two steps and under the integrated
framework of ecosystem services and DPSIR; (d) zoning the levels of ecosystem hazards in the watershed.

Research Methodology

The main methods used in this study included a literature review to collect the data and information in the
previous researches, climate and hydrological analyses, modeling vegetation changes and structural changes
in land use/land cover in the eastern watershed of Lake Urmia with an approximate area of 23,000 km2 using
satellite images and analyzing them in GIS, and modeling the various ecosystem functions and the changes
in them caused by loss of vegetation followed by assessing the environmental hazards resulting from the
mentioned processes in an integrated framework of ecosystem services and DPSIR. For this purpose, the
land use/land cover maps in the study area under the conditions in the past (baseline) and at existing (current)
were prepared first using satellite images 2009 (the Landsat 7 ETM+ sensor) and satellite images 2015 (the
Landsat 8 OLI sensor) at 15-m resolution, respectively. The data at seven synoptic meteorological stations in
the study area were used to analyze the time series of precipitation and temperature. Simultaneous modeling
of changes in vegetation and in hydrological conditions was carried out using WaterWorld Policy Support
System (WWPSS). Many studies have been conducted at the international level, which have used this model
for modeling changes in vegetation and their relationship with hydrological conditions and drought and also
with climate change. (Null et al., 2010; Mulligan, 2013; Pandeya, 2013; van Soesbergen, 2013; Birch et al.,
2014; Velasco Arguello, 2014; Mulligan, 2016; Peh et al., 2016). In WWPSS, the water budget is determined
by using the climate information and the data on vegetation obtained from remote sensing and via calculating
the amount of precipitation displaced by wind, adding the quantity of fog to it, and subtracting the actual
evapotranspiration from the sum. In addition, WWPSS is capable of assessing some qualitative/regulation
water-related functions such as net soil erosion and sediment (Mulligan, 2013). Consequently,
implementation of the model made it possible to compare the changes in vegetation from the past to the
present time and to quantify and map their effects on water budget, runoff, and net soil erosion. In the last
step, the DPSIR framework (Anzaldua et al, 2018) and the ecosystem services framework were integrated to
analyze the ecosystem hazards resulting from vegetation loss. Considering the modeling results and the
analyses of the changes, the situations of the endangered system at baseline and at current were compared by
analyzing the changes that have taken place in the four important parameters of vegetation density (%), water
budget (mm/year), runoff (m3/year), and net erosion (mm/year), and the effects and outcomes of these
changes were explained. Finally, standardization of the prepared maps was carried out using the
classification tools and the raster calculator in ArcMap on 1:10 scale to allow overlaying maps (considering



221 Assessment of the Hazards of Vegetation Loss in the Eastern Basin of ... (Ardavan Zarandian et al.,)

the differences in their metric units) and integrate the maps of interest in order to display the zones that had
experienced the greatest changes. The final map showing the determined hazards levels of vegetation loss in
Lake Urmia Watershed was prepared by integrating the standardized maps.

Results and Discussion

Analysis of the changes that happened in land use/land cover during 2015-2019 revealed that the areas under
irrigated farming and water bodies, wetland, and rangelands has declined by about 10, 40, 15, and 32%,
respectively. Conversely, the area under rainfed agriculture and orchard and covered by salt pans, and urban
lands increased by approximately 27, 63, 226, and 31%, respectively. The outcomes of water scarcity,
unprincipled decisions on orchard expansion, and the increasing trend in urban development led to
replacement of beneficial natural land cover (wetland, rangeland, and other bodies of water) by
anthropogenic and non-useful natural land covers (salt flats and barren). Based on analysis of precipitation
and temperature time-series, precipitation showed a significant declining trend in 2005, and during 2008-
2010. Air temperature at four stations situated closer to the Lake also exhibited a statistically significant
rising trend. Therefore, given the declining trend in lake water, it can be concluded probable that the
reduction in the lake level may have increased the temperatures in the vicinity of the lake. During the
investigated time interval, herbaceous-pasture vegetation has decreased by around 32% on average. Based on
the model calculations, the estimated minimum, mean, and maximum runoff production in the eastern
watershed of Lake Urmia under baseline conditions were 18/81, 833998/33 m3, and 1842474880 m3/year,
respectively. Under current conditions, considering the loss of vegetation and the consequent changes that
have occurred in the water budget of the watershed, the mean runoff produced in it has increased by about
2.5% (or 19656/95 m3/year) compared to the baseline. Furthermore, under the current situation, and
following the loss of rangeland vegetation due to climate change and the changes in land use, the mean
erosion rate in the entire watershed has reached 3t/ha/year. Of course, considering the differences in
biophysical conditions of the various sub-watershed, soil erosion rates in the various parts of the watershed
has been different in the range of 1-16 t/ha/year. The results of data analysis under the integrated framework
of the ecosystem services and DPSIR indicate that the habitat function of the watershed decreased due to the
32% reduction in the vegetation. In addition, although the reduction in the vegetation density, which was
followed by release of water absorbable in aerial and underground organs of the plants, the water budget
improved by up to 37% due to the presence of available water, this event has endangered flood control
function in the watershed. Based on this, Figures 1 and 2, which were prepared by overlaying and integrating
standardized maps, show the standard maps for each ecological parameter modeled on 1: 10 scale and the
final map of determining the hazards levels caused by the loss of vegetation in Lake Urmia Watershed,
respectively.

Conclusion

This research employed a combination of quantitative assessment based on ecosystem modeling and
descriptive evaluation as a complementary assessment to relate the results obtained from studying changes in
land use and climate change to their effects on ecohydrological parameters (vegetation, water budget, runoff,
and soil erosion). The WWPSS model was implemented to quantity and map the changes in the
ecohydrological parameters. This model allows environmental assessors who may have lower levels of
technical capacity to perform hydrological calculations, to provide a cost-effective assessment in the shortest
possible time in cases where the available data are insufficient or there are no data on the baseline conditions
of the ecosystem functions. In developing countries such as Iran, one of the initial problems in assessing
environmental effects and hazards for comparing the current trends with the situation in the past is the data
gap. The present study showed that the application of this model is able to help resolve this problem because
it can rely on various international databases.
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Figure 1: Standardization of vegetation maps, water budget, runoff, erosion and pollution,
at hazard classes 1-10 in the eastern watershed of Lake Urmia

Risk leveling
Risk level
1
2 .

. 3 .
4| |

0 20 40 80 120 16&“""‘eters 5] |

. 6 .

.*, 7 ==

Figure 2: hazard classification map due to the loss of vegetation on the scale of in the eastern watershed of Lake
Urmia obtained by overlaying and integrating the standardized maps prepared for the four important
environmental variables (vegetation, water budget, surface runoff, and erosion)



223 Assessment of the Hazards of Vegetation Loss in the Eastern Basin of ... (Ardavan Zarandian et al.,)

Refrences

Anzaldua, G.; Gerner, N.V.; Lago, M.; Abhold, K.; Hinzmann, M.; Beyer, S.; Winking, C.; Riegels, N.;
Jensen, J.K.; Termes, M.& Amords, J. 2018. Getting into the water with the Ecosystem Services
Approach: The DESSIN ESS evaluation framework. Ecosystem Services. 30:318-326.

Birch, J.C.; Thapa, I.; Balmford, A.; Bradbury, R.B.; Brown, C.; Butchart, S.H.; Gurung, H.; Hughes, F.M.;
Mulligan, M.; Pandeya, B. & Peh, K.S.H. 2014. What benefits do community forests provide, and to
whom? A rapid assessment of ecosystem services from a Himalayan forest, Nepal. Ecosystem
Services. 8:118-127.

Dirnbdck, T.; Dullinger, S. & Grabherr, G. 2003 A regional impact assessment of climate and land-use
change on alpine vegetation. Journal of Biogeography, 30(3): 401-417.

Galbraith, D.; Levy, P.E.; Sitch, S.; Huntingford, C.; Cox, P.; Williams, M. & Meir, P. 2010. Multiple
mechanisms of Amazonian forest biomass losses in three dynamic global vegetation models under
climate change. New Phytologist. 187(3): 647-665.

Hanewinkel, M.; Cullmann, D.A.; Schelhaas, M.J.; Nabuurs, G.J. & Zimmermann, N.E. 2013. Climate
change may cause severe loss in the economic value of European forest land. Nature climate change,
3(3): 203-207.

Mulligan, M. 2013. WaterWorld: a self-parameterising, physically based model for application in data-poor
but problem-rich environments globally. Hydrology Research. 44(5): 748-769.

Mulligan, M. 2016. Computational Policy Support Systems for Understanding Land Degradation Effects on
Water and Food Security for and from Africa. In Land Restoration (pp. 211-233). Academic Press.

Null, S.E.; Viers, J.H. & Mount, J.F. 2010. Hydrologic response and watershed sensitivity to climate
warming in California's Sierra Nevada. PL0S One. 5(4): €9932.

Pandeya, B. 2013. Understanding hydrological ecosystem services produced by the Indo-Gangetic basin and
selected mountain watersheds in the Himalayas (Doctoral dissertation, King's College, London).

Peh, K.S.H.; Thapa, I.; Basnyat, M.; Balmford, A.; Bhattarai, G.P.; Bradbury, R.B.; Brown, C.; Butchart,
S.H.; Dhakal, M.; Gurung, H. & Hughes, F.M. 2016. Synergies between biodiversity conservation and
ecosystem service provision: Lessons on integrated ecosystem service valuation from a Himalayan
protected area, Nepal. Ecosystem Services. 22: 359-369.

Riordan, E.C. & Rundel, P.W. 2014. Land use compounds habitat losses under projected climate change in a
threatened California ecosystem. PloS one. 9(1): e86487.

Song, X. P.; Hansen, M.C.; Stehman, S.V.; Potapov, P.V.; Tyukavina, A.; Vermote, E.F. & Townshend, J.R.
2018. Global land change from 1982 to 2016. Nature. 560(7720): 639-643.

Van Soesbergen, A. 2013. Impacts of climate change on water resources of global dams (Doctoral
dissertation, King's College London (University of London)).

Velasco Arguello, P.D.R. 2014. Hydrologic responses to climatic change in Paute River Basin in Ecuador: A
case study comparing SWAT (Solid and Water Assessment Tool) and WaterWorld (Master's thesis,
Londres/King's College University of London/2014).



YO LYV a=ao Jl N E-Y Yl 5 )l XY oplass NV E Yl g jloa=xe Sl yiad 5 5o

(o0 dn0g )l 421 33 (B i 409> 10 (ALS gy SHIN 31 il O yblko (L
DPSIR (509640 @92 51> i (goiumi g1 Olods (g jlu oo 85539

T ob e Uiy dome Todl5 cwge b, M * 4Ly 5 (g,

wslin ol 1l dnw s 5 v ilogme 03KEB 95y (i) bume wipblxe 5 bl b5 05,8 Vst )
Olrl Wl jg g boso

wmam jlouzme blan Hlo b DIl dsmwgs 5 o jloume 03K 5y wiam jlouze Sbaidl 93 05,5 Vbslusl ¥
bl ol g

Ol s (o) Sl e gle dam gl 5§85 03Khd 93y rsluze wlslllas 09,5 Hbstuwl ¥

\E-\/-E/V-:AJ[.&AUB)..!_\%@)U \\"QV/\'/'\:AJL&adyopé)U

84S

Sl 103y 5 Gl 5 Sl 5 e 10 e ] 305 ol (5,5 €113 b o] lo ) P
soclase Gy wae ggoge cnl ol osd Jloy08 p (shoslih Cusnl | (lpl le Glamwgs Jlo 55 (slayguiS 53 0hg 4 amb
55 Sgde gitie ol | ladind 3l lisce (slaog)S oS (LS (etumwsST Closd S5 )3 o] Sl 3B 4 4o b deg)l a2l
Sl ety dlobs 1 oolaiw] b soitunmassST (g5l Je p (e (oS 25yl Bgy 93 3 (ouS 5 (Buind pl 0 S o o
W) )l Job CJLJ w}L\A’ Ian)a d‘); c<v)(DPSIR) 5494(0.‘0 U9>)l> )] ool l) u.n.uay t.é"L’))l 9 (\)(WWPSS) o.j L;’L??
b (SB il d 5 Qlly, (ol 4205 (oalS Shds) (Seislanmss sl el 1 sl Glgl g (oodldl Sl o5 )l s
5,8 oolil 3y90 dung,l anlyd ssulases (D Cuwjlasme T 5 Jgol e ;> ol 5,0)8 g Slblxe olas canagy B
Joda ¥ & o[V ) g > S Lalls Llod Sl i e (ooalil Sl 51 3 alS Lide M S
P Y e s 250 Sloj ol o o 1y gl aigg ) SB ol b (:Sike Sod S)lie 4 & Cusl 0dd e 2o )3 Jlspd
s S5 gilo oS sl o iin 5,8 L s daled iy S (il yd (gdgy i pold e jd g 0l Liuli8l s
sl 55 Wlygly slads ol 4 g adse <) |y Baios ) )3 ool 3,90 gy (slacudyl g 0] 50 (Sojslgyinss]
il s ol copie 1 (S5eleST cla il a4 oy

By adgs DPSIR ogpio Conyls sotummwsS] Glods (giloJdo LS Gidey Sl il )bl b)) (ojly sl

Aoyl 4>l

Email: azarandian@gmail.com ) tne Bluggs *

DOI: 10.22034/eiap.2023.179862
DOR: 20.1001.1.20089597.1402.14.27.12.4


mailto:azarandian@gmail.com
https://doi.org/10.22034/eiap.2023.179862
https://doi.org/10.22034/eiap.2023.179862

VE-Y bl 5 )l Y'Y oplesd N E Jw cwmum jlou=o sl yid s o

ol Sor slp ly Galite Y3 g s plonil (o3Lj lalllas
5 ol 2 Jois ol nyiege o Whoge g o
el 5 (558 (o2l dmwg oz Sl o) )
(Fathian et al., 2013; Mohammadzade et al. 2014)
ol rde by b 4 Sjgdyyie Ol
Fathian et al.,2015; Fathian et ) coscpwl o 4o,
O—ed ¢ (al,, 2016b; Ahmadaali et al., 2018

Delju ) ()l pals 5 bos Sl ul3dl) (omnldl st

et al., 2013; Alizadeh-Choobari et al., 2016;
Shadkam et al., 2016; Khazaei et al., 2019;

(JSie opl 15 b oy 4 .cwl (Tahroudi et al., 2019
)l BLS Ghdgy ) ol de) ) s> olblke
Zoyd &S Cuwl odds el o) (ghoul g 5 4l ALl
b5 lea b 55 dilate LS Lasls b 5 ol ol
Talebi et al., 2016; Sobhani et al., 2019; ) <.l
Balkanlou et al., 2020; Ghorbanalizadeh et al.,
& by 2o Ol awy e a4 g0 5l (2020
PS>y & ke (ol s g 6,0 Slns 9r else

ol 045 diate (BLS JiSg Camdg (i
ok cliswe gble ;o (ooasie Oldllas ual o Jls
Slosd il Jde g9 porde I odlitwl 5 a5 Lload el
bl 2Ll gl el 5y S glis @ oS
il oS o Jae a5 Wloaly L g Wledges ST SG59lsS]
otuwgS] Olodd Sl Giloadds 5 Jloj —(olad
slely 5 I3l byl Gl @l Gl 4 Wl
Galic et al., 2012; MuNNs ) wgi &8l Mbo s oo
Jretal.; 2016; Dong et al., 2018; Kang et al., 2018;
a5l ol sl > (Faber et al., 2019; Xing et al., 2020
Copde g Siytelp lp (iuawsS] COlodd porde 4 425
b 59 a5 Ll el I3 b 50 b (SlopinssST i
Ot slp &S Sloads plsl (g3gdre Slalllas p3 ) Jlo aix
sdS e WU Cov etumwsS] Glds  Olpus CueS
el s 5 oe) S Sl Ao )y 9SUsS
Zarandian et ) wle>,S" solaiwl ot eS| lods sla Jio

al., 2016; Zarandian et al., 2017; Zarandian et al.,
2018; Sadat et al., 2020; Mirsanjari et al., 2020;

o My e slas & Jbs ol b (Nematollahi et al., 2020
5loslazul b &S ail olpl » Sldlas piwss | (S slllas

S S) e > S Jle S alS iy
O Jolas sl g aiaio Ky b bl Sl 5 (Sa3glsS]
Jie oleis 4 (De Groot et al. 2010) 1S’ o Wl ol
It Gl S glsie 4 (S Giby S)n leas)
R IEGS gk g ‘_,;Bb L;l.mb'; dl)g oli;'m.i)' ‘dld‘j;
CadsS Lais 5 (halo 5 Ohgw) JiS coge wogd (LS
Goadls o dgii 2y )3 SB 5 Nsd e ol sloelSiny;
Ll psbre (S ids Guk Jl ol Ayl b s
McGarigal & Marks , 1995; ) 25 . cbls
s ol » gy ;1 (Dramstad et al., 1996

S glgie 4 b (LS (g S5 lads) alussS]
oS o ) i GBS 55 oSt Sl 555
Ot e ol B Ls lipl g GeSosd o (oS i
0255 OBk 9 bod) (ool «S8l)S0y 58 Laylyd oy STy g
Forman ) cul cuSwad 5l bl oslaiwl g (auds YMS
ol glaansy (b jd a8 0l deng (g0l aaleds Ll (1995
2 b o oub & olee ke bl alS i

Cosl 4B)S 515 (o) (608 Sy 5 arldl Slpnis iy
Dirnbdck et al., 2003; Galbraith et al., 2010; )
Hanewinkel et al., 2013; Riordan & Rundel ,2014;

S olpl oy Jled ) dses,l 45by> (Song et al., 2018
Hollom GOV 32 5 lpl Gladelyy (0585
ol (NUPS://WWW.IAMSAN.ONG) junely youulgiS o
5 i) cloinl (oolaidl b 5l g)luw Coenl 4 S
5 22l Of s o3 gy (Jb ol b ol enjlace
oS5 jop case bl amd 93 (b o] ()b asiis
ey bas b b (Khazaei et al., 2019) cul suis (6L

9y xlyd opl (selym 53 85 Gerdee Yl Gl CigSs
(2L 9 59l gotie (sS g (65)sliS slaipe (lEL
bl ol Jolf (Sasias 5 JSio w5 Ojg0 5
Camjlame Cadl (ly (o ol S @ Slge 0]


https://www.ramsar.org/

Yy

(Ut 5 Wb Vls)l) wmdaog )l Aal S S8 b dudga S SALS Hiubgs BT HI L ol jdolko (b))l

pbosl ol chbliin o okd My lbais gl
g ool 2T Ll coage Slge adlas oyl
G2l Glp 1l BB glo)lSal) s gly olilopraas
b )B5ks 5 il e « 5T g s250 Sl I (g
05 5 2 e d290 109 9 Egeme )3 9 slab Ly
I Gogy o ol ped 25 aegyl 2l julase
) g @ Uh9) e Oy Nlgie 35 (] > 43
sl base ulo > elupwss] Slble b5 @l

255 41,8 eolawl 50

L 95 9 3lge

adlhe 3590 290 dkﬁ')» b«yﬁ,o -

aop S olnl gt Jled )3 ey 2l)d il ase>
b S, 5 b elably, plos o] 3 &Sl ditay 515
J5 colis Sgbie ol 30 93 O by Cwow
s 4 g Cwl myaploghS OV/ee dgis ads>
Sl owd ks aisd cpl 0 bl 0ad o e daxio
SIo)LE B oyl bl 3 4 adgs  (3pb edgde
G sl 2l ase ey i JSize 5 (W -Y IS
G o o) JS) cwl sl Bgdpe g sl Sy sk
Jlpe CoS g @pmeghs VY.
DyS e ) oo 50 Koyl axl)d 5y jlas g

o Colue

S3sST Clble (bl sl etunmsS] Closs (gl J4a
2B cos g sl elbe » alS (idy STl L6
Clas g ome) Gl Cla sbaoe 5l glassene
Jio Jl Jols @l s 4 e 5 Canl 005 plox (ol
Jio 5 (etuawsST Gloss aidly 3.8l o yls cou b gjle
Anzaldua ) (DPSIR) zuwl — sl —cansy —)lid —aS >

Cuwl 4y, (etal., 2018
5 ol adlllas oyl Gan b S5 Yl 43 oS azgl 4 dogs |
by ase 58 ) eewsS] bl gancydy
LS Oidgy S 5 axlyy ud S Lyld ) )
S o8 g mlll g () )l Sl e I I AL
4GS (ol Jolpe jshiie i el aie plale by,
dSg290 9 (4BIS) wl Cumdg b)) (W) 1) w5 ke lais]
2 03l> &) Sl G g gl a2l julase (Jb)
(o5 Gl Tty Jols o] (590581 —(Sujd Cunsg
sloyiehl (alS (hde (Ul 5 bd) (ol (slajpiall
o (2) (SE Gl b g (o 29 Sllyy) Sojslgyun
SS3PeS] —(Sand Cumdy Sl Jatme Sl a8
Sl L () sl s3lode Gog) 2 oo el
@l oolatel L (alS idg S I (o3 catuosS]
Slots 4l 3l Gemly cov 5 LbE pE o ) alols
Chble zoaw ganagg (3) DPSIR 5 cotunss]

el Adgs )3 eS|

29 bl i 0390

44'00°E 4500°E

4600

ATO0E 4800

7
300N

30N

700N

Lol

it [

gl b 3] Lop e ‘

altas 3,0 90 [

VN

45'00E 46'00°E ATO0E

‘*. ) o w0
- — e Kicrelrs

ABO0E

38°00N:

ITOON

B°00N:

gl b2 adp> ( LDJ‘)
a00E wovE 4500E %00 aTo0E s00E £
5 O

:,:‘

5

gl o

B
) sy
{ 5 by
N gt
{ § E |
k o ’,’S o
g I |
e {
b 7 s o
T, s
o =
o g e [
0 375 75 150 225 300
= ——
™

Sl e Jd 3 ] 3 s paleys 2yt by () 1) S5
2l )3 (B 039900 )3 alllas 3,90 SS9 25 9 daeg)l Hulases ()



VE-Y bl 5 sl Y'Y oplesd N E Jw cwmum jlou=o sl yid s o

YYA

e b ddlain ¥ i6)B (6)b 9 Slmbyo iz (JS 668
CYE S5 s i g (3L 0,8 i (oMl 0032 ol 4y
MR aelpe Jeud plyie b (o (b 31 S0 9 JSisys8 el L
Jolis adllas Dyg0 odgdme (gpE jpe &S 4l ews )b
by (do )b plgis b oSl aeg)l d2b)> By Jolg

Do o ALl duog)l

axlllao 5,90 8390w Elodn] LBl gld S5 -
aads o 5l i g ok ddlaie Y5 adllae Dy5e 0dgae
5298 (Sl b (g odos Cusl 045 @Bly (liws)
owll b sl aad dw b &S s e cwl (gy9meld
GBS 5 Bl Aoy s Gblis g s
Wlo pSiw mluo Gl i wlisl ddlaie (3 (gdAxie Sixiuo
losd @lio (sjloygSly 5 iluopdle gl (i gluo
3l s (b g (eSS 5 olie mlio (o)l
Sedes gipliS Lisu b ol b bad el
3 3 il claamy by el O gl 0aiS' G yae
g 9Bdg) by S jolateds b W adlllas 390 0390500
s 3 b osd alo O @iyl )l ases el
ool jas g s> b GlygldS opizen el pleble
s ojlel Gnins Ol ojhn & (B )3 Beae b FeseS

e oy ey o e Sl we gl 4 el

CRIY

SleMbl (595,58 jolaio 4 9290 @lio 950 ol (a5
Clyis 9 (2L Gidg Sl gilodae «Siglgse
ilodre GIS 5 Ll Jbs o shylsple sl )
B alawly 4 sl Sl 5 cotumwgS] Calise (slad SIS
It jlame Clbbre o)l a5 (2L Ll
sl 03 DPSIR

axdllas 3,90 83940 (b (b S g -
SliwnsS adlate Sy Syl a4y apog)l by ol ase>
6] &) diges siny ol Byymo ST AL 93 45
Gy sladine g (e YAV gli)) 4) (Mow g (20 V-V
Dgd o Jols |y anlyd CBlibl 5 ey o juodols sl e
P ohg a4 wlidipe) ol dasuin Wb 8 Ly adew
(sl OIS (VL (6 gl b by (B i
2 bl i gl &5 (Alkhayer et al., 2019) ¢l
e Jgad > pogader aailhsg) by (29w, )b clile
ol (slyly addllas 5y50 03900t auldl Llod & Ll
1 S8,k AVl Lawgie ol Jine b (gl biusls 5 3 e
039 yio o YOV dlo cw Sdojlyd )0 gyl dnlyd ases
SOV ams Lyl I Ll (Farajzadeh et al., 2014) ol
sl ase (Soderien Cundy JLSis Vb oy
Slor glod AVl bawgio .l o3y )13 Wb cos wada
o O)S Sl an ) WIY U FIY o a0 eddcls
2 s eVl bwgie (Fathian et al.. 2016a) .5 .
255 e Jl ol cosl o deo V01 dgeg)l a2l )3 429>
g (EW) 9 Wil (o) Lldlpa CuBe 4 g L
& S5 Jolsh S e s arlyd ) Aol piznen
FoS e Olye e Cugby (39 SYL S50 by
0SS ol ddgs 105 VYl Ayl anl > ds e Ll
S5 1y Lo addlas 3y50 6350500 45 (clades ) Jloa ol
axbyd O 51TV dgus ggemmey (o) JSB) wiad e
S g Slglys adllaed yge 03ga5te 45 S o (ol |y duo)|
e S & Cuny slagye g bl iSes 5l o Satnn )5l
Ghorbanalizadeh et ) Ll o il Clelas) 5 5ad
dgds &S Um0 LS 3990 (sl i3S wyy (@l 2020
5dsST asl )0 edlgls £¥ 4 00, YA I LS 45 OFF
5 boyer glpl jl baiss lacl jist )1 3529 deg)l a2l
WS ) daiyy b s Larb b dlucS, cladils
TOXVIV @l g3 7 A oo 7 XYY dgge (sladioS
JSTOWIA sian g3 g laasasd LNV g el
JSts b)liSes g axlyd SBLbl sy e GlalS 1) laassS
pb @ oadcbles adlaie ¥ odalllas Dyg0 0390 jd MR o



Yya (Ve 5 0L wla)l) --daog )l Aal S (S5 pub dudga HS LS Oilbgs LB 1 (HbU i )bl (»L))I

S8,8 18 sanaib 5 iiby 350 (Blaschke, 2010
Db 9 Bl «sinlaS )l ol g gl can
(NDWI) onis Jloy o] M3l asls j ol onsl,
M3 ord Jboy asls ¢ (McFeeters, 1996 & 2013)
oslazw! (Pettorelli et al., 2011) (NDVI) LS  jids
9 2olal Ojaods adllasdyge 0dgae I dlads VO bl b
LSLD:JL» )l LS)-.’)K b dg>g0 sbasas b LQj dus |80
Shee 2930 w33l g &)l 55 ) e pglial arddS
203 AF pgliad el (S €85 .28)5 )5 (qw)p 3590
ol Aol 3)50 (slnddb Couo ol (SST L 5l as bg
sl ly 215 55 S phis swadss (V) S5

ol 03905 duslie p b 1) 423> g0

O3 305 [ pidgr (A and -
Lulpd ) adllasdjge 0dgace (687 Sy 4 g5 (sl
2obas Jl ey @ (Jl) 25290 g (4l) aslS bj
ol 4 baye Vo Cwwdd ojlgale Yoo Jlo gloylsale
Cowdd o)laple (3Mo YoNO Jlos (loylgale yglas ¢ ETM
ookl yio VO S8 @ya8 b OLI ssiziuw 4y bgye A
(GLCF) w5 ity o Dlges ol J ead

Lials Gaa L (USGS) (http://www.usgs.gov/) (S el
S sST 58l 5 51 okl by gbas e pianad] owlSinsl 3l
13 o sdudido hgy 4 4 (Baatz et al. 2005) ,4lgo
Yan, 2003; Benz etal., 2004; Cleve et al., 2008; )

Yo o8 Jlo 3 mej (82,0 gy s

o100 Jlo 3 oy 82y gy s

0
- Kilometers

(<)

YN0 () 9 Voot Gl 61y 00w8 Mg ooy (65,5 iwdgy (sdantdls (1) «(Y) JSs

L g A o) Siipgin laolKi] I el glos
V iy ol o soS b colie o ps i odlatl
S Slpea Sbale sl 5 (SH)L @ by Sloj (5w
4 agog)l a2lyanpl ases J5 dilale clod o (Sl b
g (AI=Y) Sk Sloj lagyw (7) S5 0 a5
Ly 5 (V+N0 B VAAD ) aseg) ol e (o =) (slod
gy bt epp Cap Amde ol ) bl ks
I 0 picmen g S solKuw! 3 Lo 5 Su)b
Mann, 1945; ) JluS—ie o905l 5l gyl il aces

5 oolizl glallss IS e 5 (Kendall, 1948

(L3 5 (9,ls) (soul8l (o ol g (o (g s Sl
oK) S Cusdge 5 odh  wyiwd  olel p
Vo bodly o eyl jupl ddgs 1D dgge  cwliilgn
@l gyl oys Golinl Jold) Siginw ol
Pl osldl (slasis) (iseil Ca (s 5 IS bl aol s
oyl Adgn yd wlislen oSl ya 0dgioe Cpusi Caps LMD
S3)b sledly b vy (Thiessen, 1911) s a8
VAF o 5l) Jlo Yo Jsb 5 ailale (glod il 5 ailalo
4 Sloj oy o los plosl cas ol ol (YIF b
5 Sk gleodls clp Sloj sy sl90 5 3)ls R Il 5


http://www.usgs.gov/

VE-Y bl 5 )l Y'Y oplesd N E Jw cwmum jlou=o sl yid s o

Yy

£ o \‘\H | ‘
\

!‘ :; \ f 1 h
\“\H H\M | \ ‘w “ ||
! | ‘H H||| ]“ Hu“\‘ ‘
H\“‘(‘J‘\H\“‘\‘[‘\[[HI‘\”\“M\ ‘| ‘M “mm\’u]\“\\
\ N I ] ““
‘\/ww Iy Hi \"\‘\J“H“‘“‘u‘w
S

|
V

T T
1985 1990 1995 2000 2005 2010 2015

(<)

(<)

Wl (o w59, 9 (Vo 10 B VAAD 51) auagyl o 5l adga (los (2) 5 (W) (S35 (Sloj (slags paw (V) S5

Olyss 89 (F) IS8 .85 )18 s o2jby 390 103
Ol 5 () d9290 4 (W) wly cansy 5l LS iy

And e i |y (z) of el s
oxd bl ()b e dwulone sl 5l Jae nl 3 (ol 4239
5 25 (Bly ko oy s 9 40 b 0 g2 5 0k bawgy
@ baye sloodly 5 ol leMbl olwl g 93 ol 51 Gy
Sl 25 o b (P 9> jl dlols LS Jidy,
bgryo Slusbrs 0956 5 Jdo pl 4 bgsyo (slaais]yd g Yolee
9 SIS1 9 (Suid ol lajesie Sl SSUS Elgl @
Bruijnzeel etal., 2011; ) L3 clles ;5 Jso o jlicl

Mulligan, 2013; van Soesbergen ,2013; van
.(Soesbergen & Mulligan, 2014

S Sy bl 2Uly WWPSS Jae fiznen
iwloyd (Jde cpl y> (Mulligan, 2013) 5l 1, gm,
Thornes, ) 54 o dwolxe ThOrmes ablee jolwl » S
9 SB islwyd 4 bgpe luslrs plosl (gl Jae (1990
cod BB SBGhled cuslie b S (295 £
(S ogm) sl plaloyd) SB als ioloyd 5 laags
5l yslaie g 4l o SBcisloyd 1 jelaie ulad o )]
sla s 1 Ko 2 2 o sl S (e (5,15 g
o By oAl Gialoyd Ll ged sy 4S5
5 ol Gk ogey gisa bl & cul Sk
jre Uil bl Jue lpl cua b0 3l laailesy,
VS92 dag)l dlyd Gyb sl sddiiy 5 edga
OiSe ) S a8 b ((sytoakS Vo) sl yn YV Sulise
iy Hlaidyge JlBley > Jie lpl aldle edgime
oS gjlwdns g aodly (gjlwodlel (slapls b b o 13,5

S ol )l L kg )3 (ALS g Ol i (g 3L ) o
(SB b8 g ol aadgr bl ) S ol e (s lS
bilyd 5 (olS by Ches b iledse oy
G yuldsg edgimme )3 g Biiod cpl > Sojglg)hm
Water World Policy Support
ool WWPSS Juo jlaidlay aey 4 opl 5l &8 System
Hellope waw 0 ol cldlas b edlatwl g o
5 2L Gdy Sl Giledde Glp & Cuwl oadpll
Sy pizmod g JuSits 5 Siglgynm bulyd b ol da
Null et al., 2010; ) wlodges odlaiwl Jao cpl jI (souldl

Mulligan, 2013; Pandeya, 2013; Van Soesbergen,
2013;Birch et al., 2014; Velasco Arguello, 2014;

ol > ome; Libsy (Mulligan, 2016; Peh et al., 2016
5 2l (B g Elgl I oS snmiiles Jue
58 acSalige 53 (LS G o <) b 2
Cauol )8 Gl & diy (HUS V L o ye ioglS Y S8
ol 3 23,5 e 331 MODIS VCF (ls lgale sizes 5 45
Oilg E9 Aw & Syt 45Dl Jslo p2 islolgale gl
) (LS Jidgr 86 g (g2 pé Gib) (LS (B
ol (Carroll et al., 2010) 25 o ploio (pb 5 cod

B pldy il (LS (il al badd (v
slaodly 5L aw Voo

Je 3l aseg)l axby

Jbo sl b 3Ll by 9 (55
g3looslel sialyd )3 g Juo adgl slal b 48wtz ly (slS
as wdge o)lgale Jles (gbaodly ol 4 Jlasll el
Ty Canyl8 g Jdo oyl o gyliw I3l 5l eolatwl b s 205
Sl )f 5l 4 (Spe (RS Shdey Sl gy plgs 4 Z-Y
G5 il > ey S b Al w)p 9 My
b LS iy (s9250) (6 Camidy 48 b ol
AIC GIS liiley & ol (298 Jsl 5l G 5 35 Joe



v\

(Vs 5 b33 Vls)l) wdaog )l Aal S S8 b dudga HS SALS iudigs BT HI L Dl ybolre (»b))I

(T

Sl odgume 30 [ |
39290 B 4l 31 gy SglS
%
—Y+.YAP\
—Fi.re

JB G @diS 31 aLS Lidigr Oy dwalio

< (u
Pllllae 03gume 30 |:
9798 AL e

%

L

e
0 2040 80 120 160
- —— = Kilometers

w233 YA/TP 100k Cuandg 33 ALS by o 30 paSile
w030 FP/AY 2392 90 Canndg 33 ALY Lidg) w39 ilee
w233 —T1/FY 235 90 b 4l cundyg 31 SHid! (5aSilo

(Y10 Jw) (LS iy 39290 Cardg () Y+ +4 Jlw) (BLS Liwdgr arly Curdg (1) -F IS5
(Yo ra-Y+10) Jlo U i j1 ol i oy 2(g)

Ao g5 51380 p 5 (gl il 3

g 2Ulyy ol 4209 Cundg iy 4 (V5 5 D) sla S
€BS) b klys 9 5l S ln ]y SB Al il b
Wl 5l am g Jlo ) 39290 5 ((BLS by S 51 JS
i o L ((ALS by,

SLALE Wod o wguine Jho hal anl)d )3 adel oI5 5
bl glp SB Lals Jialoyd g Oy, ¢ ol 4039 a8
by doyd 5SSk b (LS (idg B | L) ssul 4l
Sofdgyn  laass b My (AVA L ol alS
GRLS Ghdgy SWT I aw) sgrge Ll jlais)ge
3 oslazl b 3 (4¥5 Jolae LS jidey dopd nSlee b

[ laltiac 03900 550
b T a2y

I/ ia o
o P1eoYA S i

AT A POt aeS
(€

lailhac 0399 50 [ ]
39290 B4l 51 BT 42390 O gl&5

JW/ e o
10F,8 taiin _—

R Pyl e— rainey W
x éﬁ" 0 20 40 80 120 160
- Ki

Gloj B aog )l 4233 G b 3l adg> 30 (T 4239 Ol i

(¢

Pllae 03gume 30 [ ]
39290 T 4209

JW/ so gheo
PABNY i

OYAPO— saipey W

(s

il 03game 30 [ |
il 4209 Ol i
E

WAL 2

1,9 F— taiey S—"

39290 U aly Cmdg il g loj Jogb 3 (LS iy ST ol Codi (ol dadgy ST (50 oo 1(B) JSC5
K10 Jluyd o 439 39890 Caradg () Yo+ Jlurpd o a9 by Cundg (A1)
(YorR-Y+90) o dodg ol pmdi a0 )3 1(3) 9 (Yo +A-Y+10) 3990 U asly Curadg 1 o drdgr gl 1(g)



VE-Y oluwls 5 ole YV oplouds N E Jlw sy jboa=xo slayind s 52 ryy

u"-f gy S ol 19i8 42 dsog sl Al 33 G b T Adg> 40 Wby, O i

(¢

&l

Hailiae oogame 500 [ | Wlallhan 03 gune ;50 [ ]
“l WUty 29290 WLy,
I/ e sio Jl/ aSe yoo
VAFYFYFAA. 1AVAAAY A5
- J—
— —
1A-ANYY

o

s oogume 00 [ |
29290 U aly 31 ity y 0glii
J / s yio
rYF. v?w
—fa.sy

—— HlOMeEters

ialliae oogume sy0 [ |
Sy 5 Sty

woy
AY.O)
—
—

—=r.ys

BUS iwigy (g0 ,d Fo BT 51 g g aly bl )3 CUily) g Cupnidg dunny o 1(F) JSUud
X0 Jlw,d 39290 Gllgy Cardg i) Yo+ Jlwyd 4l Ul Curdg (A1)
(Yo ra=Ye10) Cllg,y Ol pmii duoyd:(3) o (Y+ A=Y+ 10) 39290 U dsly Curidg 31 Glily,y wiglis :(g)

ey u--',‘ SN 51 30 dmog sl a2l 30 G0 T 4dg> 40 S LA lalu D G gwe 53 Ol s

. =
(sAallas 033300 jje [7] comtian s gana 5
‘vh u‘" ol 52 se palld Ol b
e [ 5a (S o [ 5a S
wwem High : 7718.08 ¥ wwem High : 7847.58
M Low : 283161 WSS Low : -179866

:7 (& e e (s
< A

[ i sagine 5

A9 9a U4y ) oglds
Jes [ 5n e

s High : 285600

_ Low : -172445

* 0_20 40

gy SYGT 51 any g Jud anog)l dalyyd §00 eiuilasgs )3 S (Al (gl yd 50 Ol o3 g (Jw p3 o glao) 1o (V) JSU
¥ N0 JUoyd 35290 (Al (alwyd Candg () Vo oQ Jlwpd arly (Al alw b Candg (W) LS
(YorR=¥290) Ll yislwyd ol i a0 )3 1(3) 9 (Yo +A-Y+10) 39290 U arly Cardg 51 (B il 8 gl 1()

[ s s e

S e s
%
s High : 1000

WSS Low : -999.968

Kllometers

iwiny YT 31 bl _souanuraST 51 b len Juloxs —
AW
w5k (LS lapl jlalols zls abres g Judow gl

dad lon 4 Dg Cuwlie estie Ll SOl oolal
9 i yob & 1y o pl 0 el Wgr CleMbl g aodly
& g5 plon pglate iy 15 13 )y 3)90 w2 b bLS) )



Yyy (Ut 5 Wb Vls)l) wmdaog )l Aal S S8 b dudga S SALS Hiubgs BT HI L ol jdolko (b))l

Lly g (soimpwgS] load adl 5all Coxyls 1wl o)Ll WS
FYT ELy

iy by

<5l o sled el » 45)9.,_,,

{aaleg) 455 51 s lasdld

A) sl JSs i edlael (Anzaldua et al., 2018) DPSIR

2 soimamgS | Olblre oLl oarde 3,509) cui i 4 (A g

el giin 23 Sy Sy GBS cpl j3 oad plol Auli8 g jeShe gyl slie

(sotunpnigS | Olodd aidly 38U Coajla (cogtde 3,505, H(A) SIS
(Anzaldua et al. 2018) DPSIR 4

e b |y 00 4 el 5 laodls poraie Jolow

Slybbo b3, 0390w g i 1) o8
wobw - blolsy @
ohbbw obj)l Slaal o
adlas 3)90 03940 y900

n

S Qi g2 Y o8
("“““’lJ () ]2"7“’ o (930 ) (S ) ]a..\?m QI)JI dl)l.) Cowl uio.n e L;L°I9'c) Lhds)pm "“,“,g“, °
(a_\.\i} UJ“L»LLJ: dbmf)za (ordilno Ql)ﬂ) Ub)w Lﬂ"t’“’u“' ()

> 4

8,ble Cod s il Canridg (yund Y 5

(WS oo o |y e Lail o7 oo piito agl CoaS') il Camdg pnd @

¥

Gl Candg i g Lioly (51l bl b3, :F o8
(e Bame s sl3a1 53 (S 3ebgnr Slysis ) gl S 51 Lo
(seloin] = oolaidl @l s [ Cblaio (S 5800 ol yuss) A3 g3l Sl 51 cypnns
(Wl 43,3 51,8 o ylisd g S ore 15l cow a8 ol jusie 495l CaeS) d)lq. Caridg Cymdd

¥

L},Ewb s 2 ,olf
bl aiss slolne (i @
s ulxa...;) )Ua:;‘ d)90 QSL-" Oy O

4855 (] 3 DPSIR g (coduprgST Slosd aBl Gudli gyl (Slue 2 (s jlausme O pble (b3, Slles slaels (1) JSUS



VE-Y bl 5 )l Y'Y oplesd N E Jw cwmum jlou=o sl yid s o

vre

i sliso 5 285 o5 4Bl e Sygo @ |
45l @08 )15 o)bliwe olaw (pyide b dalge (sladin
S5 olblbe amaw jelaio pd D badd (g5l )bl
5 (pyeS pokde 4 SO dde &S WS Ly V) ooae b
Gl (Sy) opbln gl iy pade & 0 e
P ool ¢y Ol ) 86 ol bl gk (Sise
ScuesS wlul g VY bl 0j5e sl

sl oad 4l (V) g ) gjloae I Jol S0

U (o gS| Ol bl (giading Al and -
LS ludgy YT
L ¥ IS 2 4 baype slaads b aus Md > ol
oAl Galed g Gy (ol dogr  aLS idg o815 wke
bl 2 el s 5 08 g iludie wld (b L S
IS gy el sl pobaie &y A s Syt (slaioly
o doly il o S g on b i yge claadds 5l

dy90 slayiallb j0 0oy &) Sl op i b slaagy Slgo

#5155 ot el S S (slie 19 ) B + b > S blba (gaaus 1)) Jpin
SB Halb it yd g GUly) o ol ddgs o AU (iubg

SB Al ol ,d <Uly, o a0 (1) A s 51,5 o
(o 53 o (o) (3 s ) (> o o) R ek G TR

—\WAASD/YY — —Y¥A/AS YAAY — AFYEFYAL/Y -+ YYANES — 5\0IVE A¥/A =5y \
—Y¥a/A5 — $AS/YY VEVEFYAD/ Y — YYVYY-Q../TY YYSIVY — YSA/I55 Ya/¥d —AY/sY Y
YASIYY — \YYY/¥- YYVY +Qe «/YY — YFYFFIVAY/ VY VAQ/YY — YYE/YY YY/YA-AA/Y O Ay
AYYY /F+ — YA0A/DY VEVEFVYAY/VY =Y YADYFVA)/YY VYY/YA — Yaa/yy SAIYY—=DV/AA ¥
VADA/OY — YEAX/55 YYAOYEYOV/TY — ¥YFYVIAQY/YY Y&IYA — VVY/YA SYINE —SAIDY [}
YEA¥/55 — ¥VSE/AY FYEYVIAQY/YY — ¥ OFSFASS/AY —¥o/Va — Y&/¥a OY/VY — SY/VF 4
FASE/AY — ¥A-Y/+ 0 Y OFSYASSIAY — O+ ASY¥Y+ +[AY —\YO/V¥ — =¥0/)a OY/¥. — av/VY Y
¥/ O — SYVO/YY ¥ OFSFASEIAY — D+ ASYFY + «/AY —YOV/¥¥ — —\YO/V¥ ¥VY/-Y - OY/f- A
SYVO/YY — YAVY/¥Y SYSEYYONV/YY — YYVY - AAYY/YA —YYO/SN — =YOY/¥¥ ¥\/58 =¥V/-Y At
YIVV/EY — YAYY/aY YYVY - AAYY/YA — YAVAAAYFAS —QYA/S0 — =YVYO/SA Y&IYA — ¥V/55 Ve

—odlaidl gam Slyble gy (LS g0d 5 by lp
2 Sy Sl 5 gaudal sl pl 5 eolatwl b
L ol)b 51 S ya (gl oluiliwl slaaias Arc Map ljsle
e 5 jSonen b gl Bl by adyi ) Ve olia
sdlase > S by B bl caupdaw
A5 g dneg)l axly )

=W

O0) Sy [ iaign 45 03I3E 5 Oyt duan Lo -
Yoorl-Yo V0 o Sbjojl,s

Sl ol ) gej ) T ptdy gl ol Ol
ool o LS yebay .l ods 1) (V) Jods j5 ¥+ +Q=Y+ V0
gy o5 ol colue loj Jsbo p3 0l &y @y
VO Fe Ve gl iy A e g YU (T Ay o ol el

145" Canl 0392 (il (laie o5 )8 srnpdaw () )

ol bl maw (LS Gide oS5 el L -
(P Gldg yieS SaeSly b slodgizms 15 b e
5 (o3 Gl il (iRlS) (ol S o
()8 [ pidgr Slyis 9 (o) o ) ldnwss sl
Pty 5 30 ]

hes e ol Clblbe g ol 42dg talS b -
9 ol 3l 35 g 255 g il parde 4 (e Ao
(sl (ol azog 8 b 391 05) ol G5 a3

Shel dj hbee pl8l ©l bl waw CUlg) (Il —
Son bld 4 iy o )ble bl porde 4 «olly) 55,5
i) Sol) ol i il g S Gilop oM
ol (g ygdS g

ol ahblbre maw SB alb Gleyd GlEl Lo -
o )ble bl p ogMe ¢ ialyd 555 slael dpj b oo



Yvo (Ut 5 Wb Vls)l) wmdaog )l Aal S S8 b dudga S SALS Hiubgs BT HI L ol jdolko (b))l

sl liyglsS oolatdl 03Ul Lk g2 g0 o @bl B,
5 ol o5 o dely Cul abpdy g it el ady
drwgd M) & 9) gy 9 HIEL g Jgol 18 Clogeas
Mo b Sbidy (LIRb cege ggee Sy
5 celopladl sty b (o] lading plo 5 @0 «YG)
o ool 038 (2l g )ljeygd) dedeyt (b slaidy,
& gl slcuw! Wlg o Oluuss Koy cpl pal &S

e 2)ly szl (S35t glooyS)l8 g sl

(w23 gy oS Colue lie )3 ol 4Bl ialS LYY
Jb 0 ol den &S pl @ as g bl @Bl iol38l as s
03930 )3 lnS joy 3l (650 Sl Wl oo padgr (Sl
Sy & byl ol iz il adllas 5)5e
wos drog Jb ol bl abply Oy sleS ol
4l gt )bl dejls & )5 pleis 4 gl
) a4 aS o Fy ee; b Canydl Slewewal dlawly

YorR-Ye)d Slojojl b anddllo Cod sul 1 (o) (5251 /iy Elgil Conluno 43 8315 & 5 Ol pud e (V) 19>

o1 i ks (HUS) Ol puis (&30 shoghS) Conline &f ‘
W9, ) sl Sl 4L | Sy LT
(Y+10) (Yeed) S8
. B —a/v¢ Y/ VRAZAR! VAYO/F - ol sl 3
1+ Y/VA VAA/FD OFF- /¥ YRS b sl Y
t \ At Ve e /FY RSN f..8\8 o el ¥
4 YYo/5) ¥ov/¥ DAY/$D VA+/¥) &l ¥
i ¥V WOr/¥A YV-YivY D¥OFIVY S 5
1@ SYIAQ FIYAUAE YOFV/EY Niors 5
. B —Ya/vY VEYA/RY VIAY/08 YSYY/EA o v
l -\o/ -5 /oy S0/ Y£100 oY A
1 Ye/Ae YAS/Y - VMM Y !
e 30y HUST  dilise la Sl ey 4 odelcasday o8l 6l ol y b o g S -

4 U (D) oo Jlo o & gy slooslel (651,38 L U()
Jage glis JAS—n crg0fl s obel p e Cud
b 4 joolase IS Gl @l gy om g arde slaoslel
gy VY B VMR Lo J olges ol ol (1 JS)
gy 5,8 Ualye YAQY 5l am &S atil 3935 (SH)L o el
B9y ly (S VY 3 & lgie g B pdy ©jgo (S
ol il Wgy cpl ud l aByas, 5 cunl sl o)l
ool 005 oy VAR Lo § Totone ialS g, oSl b o
ool blod 31 S5y il By Yoo ¥ B Ve s Jbo §) s
2 el 00 Jlslis o) Sl o e 5 0o Sbjline
SHk gy YAE B YY) ooV oo Feof lo
aJlo gl 55 Sgy gl & glis oyl b ol oinlS lian

ik

o] (o)l slaodls IS e 903l gl ell 2
Glp P ooss e unl oids Gl (V) Jodo j0 &S jlas 500
2l Byb joulasge S 0 i oS adle oS
ol (02140 Josine gaw) /40 5 S 3yl3)5 dse)
ol 0> Ok bl & (e cpdy b 39350 o 1558
wwials oials Iy gy olaidyge (Sloj ojl ) olKiu]
wig 03900 JS 5 lnoliu] plo oly Jlo ol b
Ol I ixe Mgy g +f+0 3l 15,5 P sliel g el
L85 8 Al yse 8L 52

o)lel (slopl b oylol 9 Gloj (g0 | Sl s gl o3l 0l 0
sxday ool (6513 L g 35 0 duuslone gy o)lel 5 95ty



VE-Y bl 5 )l Y'Y oplesd N E Jw cwmum jlou=o sl yid s o

vvs

BYeed Xeed Gladlo 3 Jy Coms b bne (oylel blsdj)

S9b Floj 6w JINS- (0 903l b5 () g

JINS= 0 (905 WYl (S, (1o
0903 4o . (mm) o] oL
2-sided P-value tau Var(S) S \AAF_Y- \F
a5 5, HO < IYYYa —-/-¥oy TS - ¥ J%
55, HO <[NOAY NAYN YES. A¥ Y¥Y Oy
255, HO <IV-AY —-/¥0 TS -yy YV dyag)|
a5 5, HO IERANE S —+/¥\) \iza -3 Y.y 4élye
a5 5,HO [fvoy —-/-ava TS il ¥y bl
555, HO [-avs —IYYY \nia! -\o Y5 3
a5 5, HO /-0 —-/vo¥ TS -MA Yo iy
a5 5, HO INeYY —-/v-a TS Ay YYA dpag)l ddgs IS
o P — ut
D - Ut
1;85 15;90 19‘95 2(;00 20‘05 2(;10 20‘15
Time

(Y+YF G Y4AY) EWTY) sl gade oL U 9 U(1) sladlas JIuS — 0 C)S‘}i db)lni uc vy (V) IS

Vg dleo g dflpe drog)l oy laolKiw! ) laa glod
o] dw 53l I gxe (gylol Lld 5l g 03gr  ouialjl
bl Bl | Jy (otals s g, (0 9 S el s) S0

(V) USK) G o gizo

by -
5 e b Ml JiS ey S S e
ol slod glaodly (gly b i (A Cuend

Ky M=o oseil @l pelulp 0 pll g jlainse

Z value
1
1
[

T
1990 1995

Time

2000 2015

(Yo 3F U YAAY) anogyl 321 (gadgn Slod U’(t) 9 U(D) 1L JIWS —cpe 9051 (50 ,5k0] (vt (YY) SIS

9 SIS Gaw) Byl asl 5l ool Aol a5 Ko oK)

ololp lop slod (Sloj gy oo a2y b 4
P lan glod oS canl cpl (Y4VF B VAAY ) Jlass—ye O}n}]

(dblen 9 alye cag)l o) dlyd & SSap oKl Joa



VE-Y bl 5 )l Y'Y oplesd N E Jw cwmum jlou=o sl yid s o

A

Gl 03,5 duolio ) Cundg 90 oyl

B by ko) qguyp 390 Sy ojl (b cplpl
LYY 90> (:Sile ysboay asdllasdjge 039050 )3 (55 ye — e
5 Jols gl ol cppiomad el 005 dnlge I L
o ey o5 3l Bl Gl Jse sl
Plj ol (b > imd e polaitl s 4 ) (alS g,
sl Sl 4 deg b &S cal A YY dgas iy
P b a e Al (s has parde 4 JlusSas
(B0 ey 350 53 Cawl yowdd LB dslllas 390 6dgie
aslllas 3y50 03ga5 Sl lusl L jlpea & caS WL
byl o Conl (Aend Jlan (5503 by S2ly (IS sk 4
2 ehsedz ol 3l e

gaw J95 e @ @29 b g ol plonl o ulul 5
by iy gaw (il &) o il plge b
ool 0dd anlyd jgbre edgame > Ld LIl & e

Caly Joiro

=951 s el (g5lw e I Jols i
599y

S ol piia Jo¥V B Sho o i 2 alS iy
P S by (M) el e e Cwdle
OSSle 5 diddiy oS (F) Jodo ol a8l 1o slacioud

Jlo U aldis ;I anlllans g0 039a5% ;3 (Ale (AUS (indgr Mo pd diniu 9 AineS Rl il i 2 (F) Jgu>

(x0) (sile (LS Lindg

55290 (ALS Ly

wb 25 Sy

wSileo
S ala! i

aeS ke

\EZaNs

q.

YAIYS Voo

Gy & oy b ol 4Bl als a2lyd 5 5)b 9 )90
=V JS5) adgm 05 ¥ ] s g sl daly> 55 5l
2 g Oluus da o < Lil8l jebaie 4 g o
IS maw o alS Gide OW G e kil
OsSke bl cpl 3 c8)5 )18 auoliie 3)90 5o badgs
5 Sl eo (sl (2l (gl ads ase i ¥ ag
9 ooy oplply Cool 039 Jop o Juo OF/+F AY/VY
lases 5 iy a4 al bilid o ol e (S
Dby B Ll odgr JlEp cly 39300 9 sy adlB
¥ ol ag olie gaeome 3 g2ge Lulpd 3 5 ol
Ol pl Aoy g (1wl &S 0390 ]38l sl ades yj
O3 i U»L.:l C)‘il » Cawl ol 030> uL“"" (\Y) Jiw 5O
2 (YAZ) Jlo s jie o O 51 i b ol anag Lil38l
so o YV L Glolidl (liae (pyieS g gl B93y0 ag>
& sl 2l a5 [l Cundy & s 70Y) Sl

Cawl 0305

ol aad9: -
o) sl s ) (Jue Sl bl
(b 35 2l Jols |y o plgise 47 505 5 s slaie
aiseS AUV awgio jobdy adlaedyge 03game (gly jusc]
JSC5) canl 039 Jlos jd yio luo £V /YA dinis § —OYA/SD
b (alS (hdg AWl 9 39290 blpd o (Al — 0
G Al aeds ade s oeSibe STV (S0l £
ol obilo i3 gk o dneS g ABl uss SVOIVY XF 4
5 ol 4Bl G131 700 390 sl ol 429 (Sike 4 5]
ol Su ol Gl (S ddbate ol o8 Lulyd 4 a2 L
Db oS Gl Jd pl 4 olidy cpl bl Dgd el Cgs
Conl 03)8 (o0 Bpan gyt Ol el lulyd > Gt (S
S ol s ogrge Cundg 3 (alS by el L
oy sl algg 0 o8] ddipe 0pdd g ol > W
oyl ol a4 ams e LS (0m0) UK 0,5 e
Dby STl eg)l d2lyd JadMly edguoe (B
2l plo p3 g @Bl il (Sul )l bulyd 3 g (alS



VE-Y oluwls 5 ole YV oplouds N E Jlw sy jboa=xo slayind s 52 A
100
%0 73.65 78.31
0 56.65 0 7a - 52.62
38.06 37.14 :
40 —
0 T T T 1
Sl anlé s 2T sl Py Sl G900
Il 39 g0 o i g3 Sk il gk
S (39250 9 Slo (Bgo Sl (T (Slo axl slaadgs ;o 4gr ;0 Ol kS Mo yd 9 (Kb dm e (1Y) JSS
B iwdgy BT 51,5 dmeg )l dalyd (5 judulases (3
209 o) @ 4 oS Sl g LS Jhde 3N L < Ulg, -

» My Ollyy, ke wawl o F, jelases
Pleo g 7 Y0 dg05 Gl Curdg 4 Cons pulacy
o el 3l Gl e > cSe s VASOS/AD
2l g Gl g ol Giby WSl SRl L el
o ol bl 381 55 CUlg) Mg (S0ke sy 5 ¥ e
P2 base p; 5 iy Cllyy (ke )0 Ol ke
ol 00 plowl Slubes Casl 005 o3l iz (VW) S
@ My Slly) 3 Gl pydn g (pyeS & w3
sl 03 ) (sl (Bgo g sl 2T oo ) iy

Sl adllaodygo ol by Ol Wy ol alxe
3 ord cuslil Ll 4 Oygoa bl Hlade aulxe
5 ke S il ol g B Gjge Canpl
2 gl 2l 5y jeelace Gl Wy aide
5 ATTRAYY AMAY ble oy 4 4l kil
(W5 JS8) Wb dyglp o > caSeyia YAFYFVFAA-
P ey 4 Uy Mg (Sle (nytie g (2 %S pionen
sk G 9 (TRVY) b als laasee
drge bl )0 .l 039 Jlo j CaSo jie (VYFAR-A/0])

1400000

1200000

1000000

800000
600000 -

400000 -

200000 -
0 -

sl 2

gl b

sl B9y

sl so

B s p b Cllyy 5:Ske M3/Yr

664981

239516.2

1245909.59

550027.19

B s 2 ag50 by, 0S5k M3/Yr2

681453

245889.72

1275051.32

566374.54

u Cow> p gl}]g) peves) )l..\.a.n m3/yr2

16472

6373.51

29141.73

16347.35

Pl 3930 9 sl (Bae sl (2 (Gl Al (ase 5 Oy, Mg (Sile ;3 Ol (1Y) UKW
(Vo rR-Y10) (ol aadgr al33l g (ALS Glwdgs ST 51 15 aweg )l daly ;> (3300 builadgs




rva (VEod 9 L) plss)l) -.dxog)l A2l )yS (O )b M,; 29 "QLI.? Ju“n,.; SBWI 1 Sl ol ydble (L))

odd ygly mpe yio yd Jlo > g e /¥ g YAYV/OY
Uil 5l Sl ggeney dliel ol o —Y JS) el
Ol ZYF 3900) apgi il de 4 S cow el
A » g BB IE (SBocen bl
Col (plaboyd (SSle 7¥0 ilEl) SB kil
Ol 9 SB gg Sl 4 dag bl (39 2 Y sl JSS)
g g e slease nj ol gpdotled
ool Sglite i (e) ST asT 9 Sl T558 Sluogas
Wbl g0t jo s 50 Canlbier lalep 5 ol
Ole > Olpsi Jlade (VW) JS 0,5 )8 oy )90
QUi ) Sl 2y90 slaadge 5 0SB pals i)
oSl b G0 5 sl (2] slease e e
Cyndy ) Cule & &l Cundy > (ile sl ol
Col ol b 5 a0 (LIl 5l (Sl oS 4Bl ju5 39290
Sk 3920 4925 ) Gl Gl Cad Sl ope 3
Bl il S 515 dpnlxe (slyy ol Sty o
P eske 3l b bwgls 5 4l Jlo e Sl eil
9 SR 2l )3 ol s g e e 3 axSonie 4y @yt
3y90 0dgae sly &5 SBg0lb ogate (4 oy
s 3 p S VB sl SB ity lillas olusl ; anllas
SB Gioleyd AVl 55l oad 48,5 i > CaSo yio
b g 28)5 )18 e 3y90 Al ¥ 5l LS ya 5
Wl Hlolwp SB 5 hie g pj » Colus 4 22y
Slaslbro U5 (0) St b (s 13 3550 Sloj o3 o ]

3o oLk 1) 5las 3590

SKB B ole,d -
ae bl SB L2l (il s jlade WWPSS Jus )
3 e i 3 & S sl sl g S S
ol g 5 48 g 55 S ol S alls il
o cadYl )l alBag, o o sl @b o«
wladl 5 SilsST Glblbre Wlg o a5 ol Cawd ol
d])q-‘ )I J.‘.ol;- C"l‘:" U»L.ul » Al 4l JL.;) & lodes
2l by B | L5 g soulases al Cundy 0 (Jus
I Al il (Sibe g Al a8 ol (5
Polo iy 4 adllas djg0 odgiome 0 dg b
b @pe sio 3 yio o —+/AY g YWAALA —YAYAS +/AY
o b s > ke dlael (V) S sl 09
pas g Jaidyae odgiote ) SB resd b cuslil odims L
2 oileyd e oliel oy cpl 5l cwl Gileyd 5l ol
G lase )3 gsermey s ol (S al consy
Ohaloyd cuwlio (LS (g dg2g J> 4 eyl a2l
b Sy g 0398 golae (SSglsST Jame S plgisar S
SE oy oSb S3gss lald ol it oSle & s
Gl 0l 0 38 SB Cull Coge &S dg laiSa
O Uil j) st S16 Cots (ljn pgemma)d ;o ket
GBW! jl g 9390 Cundg 5D Canl 039y jusuladgs S )
S Sl g souldl Slpss S 55 iy (BLS iy
b 5l 8L Al ale (:0ke g diniin oS (e
—IWAAFIVY Jolee i & cdalllandjgo 0dgazme > s

obj b 50 AU Linigy BT 51,5 S sl AW 55 drwlxe (8) tJgu>

ol o8 eogldy s . iolwed & o il Cioles
0 G S 315 | adgepj colue | PSS LS| SRl € 0l &
) - ol b S obj (b SB alls a9 55 U
(¢¥) ooy b (,us) . ;
(LU /o) (Jwo / i o)
V- SFAEY /A4 V- SYREY/AQ V/Bvo AR sl 2
ABAY - ¥/0% v+ - F/VA /vy Lall sl &b
OYEEIVA/YD TRV WY VAEY T
VerSeSo oY VISYE. /Y] A0 <Javy sk Syo




VE-Y bl 5 )l Y'Y oplesd N E Jw cwmum jlou=o sl yid s o

Ye-

1.4
1.2
1
0.8
0.6
0.4 —
0.2 —
0 —
-0.2 - - _
> s ) Aallaasn n) | Ssimdlsnn) | e b )
sls s sl s
Bl (il b oS (mm/year/m2) -0.065 0.041 -0.035 0.342
B2 pe b 8le (MY year/ m2) 0.039 0.664 1.106 0.919
oSdle @ sla(mm/year/m2) 0.105 0.622 1.142 0.577

2 (Ul io o) judl oadgn 515 10 S il 8 £ 35 (eSle dwmny o () ) JSd
(Y’ +Q-Y \G)ulﬁ) d‘b ‘_,.;vl*o YA 939290 9 d,{b d‘.&:%&é,

il (S5gdeydsST byl o Clys ) ol
@ olyn U Sed mead g badye ;000 L pomede 292>
» el BB slacwbe 4 sy BB g srels ool
SloyBls @ g opSin K9, Loy el Copte
dS e o bl @l cund eiuawsST @lblse
9 NPT g ewon Nge bRl 5 Gl dacunsy dalias
op 9 adlae 350 adate jl calis b .coS 8 oo
dog)l 42lyd (A8 S ol diej 3 &S (b Cllas

s Jols 5 Lo gl il 005 ploxl ) 3

seldse 0 (2B g B (b ) wd 9 jeas
S S1aiS e () gl 338in Ao 5l 550
Loyl 4y adly ol 55 (ol (1S e | Ll ol o oS
S b Lalpd 4 g b ats ade il (b g (B
byl cpl ggazme ‘(ujlmﬂ st dLQ(m) aoe oyl p
Glcudgize b oS cuwl ol o anb 55055 sladsls; ;]
9 P by (wlSSE (eddl (BLS o) 0l
bylys o g oS Cuwl gme Gl cpl sl aslge (g56)g0un
9 (ol Slpss wle) (b aeS e plo jo> pas
G (Coands 30 lusl Slolidl 5 edls dacdld glgl) Sl
b baS e jeas Lld 4 adlas 390 jsclases
J>]Ja Sygpo L):‘)JL; L] L;v'.bdlw)b 39y e

Hlasl wdgaze oyl b u.?l:\ bl b U.EL..J\ s o

slase U5 SBGled ¢ 0xSike (bl el
Lol ol oty Jho 50 )i 0 5 ¥ 4 dreg)l dnliyd 5,
doacgs s S0 5 SublSaid cloglis 4 4y L
23 2 oMbe cpl (Bl by @515 9 SB iz > gl
SB il bld o msdy sl Sglite s addgs
Sloj 0y93 (b &S Cunl oad el sl (393y0 4S9 ) 5
ot & o 3 3V 5l e 5 SB tilegd ¢ 5o
O Oselee O 1 Gl W cage 5 oty Jlo 3 o5V
wol cladsgs s cly 5 ol and 0k Jlo V0 b S
PESe 3 I gV Pl ey 4 gl By g b
4 w335 oloj 5l 281 50 sl 2l wse 0 el Sl
bl 039 (e alls iabojd 55 S pdoialo s
oS ol pore iy &S Al i Cute 48 4 58 E5
» ol cdlil g LS Kgy 58 ases 5 ol >
oo > Sl odd (doloyd Wgy 4 ol ade ]
LS ide choy Fo B iy o il 4 wsS len
|y uSiw o suelo bole (slasoly adlllas 3540 839450 4
Oygods 5 Cawl 4SS gl 4wy 3y50 Jloj 0y b
V0 (b s SB o5 gk Al i 0055 4 ot (e

Gl 0a Jlo

Gl Bl gnle Cou el Juod gl
DPSIR g (cokammwoST Oload
sl s o5 4 g (L8 cloplS | ol pls & Oi ly



Y

(Ut 5 Wb Vls)l) wmdaog )l Aal S S8 b dudga S SALS Hiubgs BT HI L ol jdolko (b))l

or JB Gl gladSyome oy piage diuly (pl > A0k

Gl (il g ixiao drwgl (o) (68 [ yidey

oS o)l (goaS o il (I3l s il (im0 29500
S 5 b s a1 quaeliy Sl (claaS x| Ll il oo

dog,l daly ;D (4 juduladgs columpwsST (G125, puniti (aeS oo (S S g gw pid Jod () Jgua

0B b S

&S o0

S gaiS Vb gl yialo

old oy

() o o WP+ o 55 5 0 o - Yo 5 S

PE

ol Il olge (992 05 9 SB (6598 S o8 Gae

: 315 claas
TN e J31 (5148 e

G (LS ey Egecme 13 g oS Libgs w515 g &1y

— (b soas o)
2L Hldy

adg Jlodd )3 0fag 4 Vb s pd o jhd L (slaodgions 392

Sigdarin

Sy s 5 2 Gy b gl e 50 gy

= 3

adg> digg JS 3 (b 5 w3 2byl) (2l sl o9 A g e s

Sl 1egjy5lss

(ZFF) Cnjor (nmbo (sla ey d s (Z0F) b luslusl (la s )l (olidd @5 aile

— s )15 (gloaS oo
SRS by

W‘;Lﬁ‘ dArwgl Gy Mg

(Sl slaes o)

..

Canlitol SGjglg nem byl pd 3525 b (il (glmojgyy das5

S jlod

«S2iglgdrgerien Clpss Gl (B slajlis ldaii e
5 0w b Sl )ldle Ol | 3L sl
ade & e oo b dylse pl ded &S ol slas )8
4 5 00 jol dlgg 0 (b sloylisle  Sldl gla i3 Lo
ik (2alS (gl 5w b)) (o)) anS plod dsugs
Ol (VG g Bl (ol slaak) b slaalb
5 (05 058 9 k) b jieS b dhe i meb laal)b
ol ok bdw y gaio laldlep; wSTe @iy
s sloeS e L Ll bl g oyl ol (ol ola S

ol okel (V) Jodo p

ol playlid -
Gbadgie b b b 5D loaS e blize ol
5 L GRll) el (spdyiolod) BUS o) o1
(o155 5 b gle) (LS Gty (o ¥o Bl als
Moo Jeailt 5 o a3 Ollyy i) (S5olsyen
e Aby der 1 Gl b 2)B sladS e g (00
ey Sl iy Sl 0 il g jyelas
2 0P sl )lid LalS cage (Siludw g (Sxo dawg
8 Jl 4 oaly sla)lid oy ptage il 0ad jisul dig
slalais 1T golto 51 o8b (gl Ltd 55) A5 ke ason) dnly >

gyl anlyd G siuladss 40 Ll —aaS oo bl ,) g i £ (V) Jgoo

R T

s o

T o el L
el e b s2luobicd

ooy «losd g YL jniy wJg 4 55 ol alg aaw , ZV/V0 0y &5
g 084S dlul die g o S g Ol loguas 4l wbie I i

gle Bpan g gyl o Lids
b e bulid sy Lids

s (GHHEL (6000 YYD drwg il Sl 4 Cand 3 sl i (g0 )d VY dawgs
al Jlo«

) dais it 0¥l glie lidse
s sl Gl ool fesls y b #
Sislshrgeg st Sl Libw

s 0 Slael by L

Skl 1egjyslas

Wl Jlo 4 cons g@lhe Ghop ¥V (ol clodiny o) Fr colue LialS

2l 8l (6ho)d0 dgus ¢l 05 (ghuoyd £r Calue i3l

gl g glgl ials jLid

o ol g
L;Lujl slsp)ls J’g\)’sl sloes

Wog> digg 3 ()90 V0) o (Sl 9 S 1l oS 8

& i oY1 glie Lids
&l dais ye oYl ol Hlads

A Ade Ay (390 VW) o s 0 b )by o cov b 1Sy 2590

Ol s Ui ohug

SN\ PLIPEPIRW LA WE S L L

; ot
Sl by alyus jlads &




VE-Y bl 5 )l Y'Y oplesd N E Jw cwmum jlou=o sl yid s o

Yey

ool il pl ggamme 3 5 WlBS 5 86 cov
15 sty VY Lials b wlantls elyan 4 1) _gllac
bz ST g adly plais jisol () 2,5 (aLS iy
Bl sy o] Sl 4 g S by o515 tals
bld & ol d2dg colalS o) 5 2lsm sloplil )3 053
sy cpl Lol el il iol38l o )d YV B o piwd > O
ol 03905 axlge 0yble b 1) jusul 13 O J S 5,518
Cunl 0ad CUlg)y dogr BB ialjdl & e 55 0)blxe (]
ey cod o Gilop (B5 ad b ol @5 4 &
P e SBopal Gl oSke (ol g JUS
ORI e B ojlul & s )3 oa g sSulacy
Gl > S5 cblis 3,55 4Bl lab  edle o 4l
Sl CoiS Aoy, g sk GRS 4 vy e

ey yals 58 ) ol

Cordg & ) Cundy pudi 4 e Ol 51 -
29290

cot adlllas 3y90 j5ul d250 5 Al Cundy Cuand ]
B dglie 3)00 o L 0 (ololid (sl )Lid 5 LaaS oo 13U
s slme saasls jledlitul b bl awslie opl .cé)S
Olys @ (LS Jhdg Candg 35 (pl ) dpd Ojee
Olye & o) )l Tptdy Candy «Sjglen adls
olloyd g SUlyy (ol d2og Cumdy ( Suigdshise aSL
)5 Hlai 5 Sigdgraessl slagadls plys 4 g SK
3 9290 & by Cumdy jl b yadls cpl ojlal ) Sl S
Wb ad Sl )0 baylid 5 WaS e 5l b il e o
9 4l Cundg 93 1) (o) 390 SRS aulie (A) Jou>
b cduolio cpl 5l Jols ls (bl pmd oo LIS 39290
oAb pazuie daadls I Sy e ) 5 clacueS s
sl (atupuss] (Closs) )5 oy e | (S

9 coobammisST (513,515 B pme dam slaoe (Slouad W (1iXilo (SUae 2 dronf ol )3 5 b a8l 9290 Cumd b auly Capnidg dunlio (A) 250
Sgr90 Curdy 1 Okl (SBCueS (i 9 S35 S5l Jdo (29,5 Ol &

) Q‘)‘»ﬁ’;’; Caraog

Coardg bl (ke

9290

al Curdy

S 5051051 aslg

ot lanse (g ot L
cng o

e L
ol g

-y

Yv

va

Loy

2lS Jidgy oSl

s o8t

+YvY

oF

\a

Jbo 3 je o

PSS

Solgdgrkn Jols

+Ya5aY

AOYEOO/YA

AYYRAA/TY

Jlo 3 ueSo yie

)

oMo J 8

+e/oY

o[\

o Lo i

Jbo > e o

9 ag cad 5 il b

ol coas

o sl Juls

+/\AM oIy- —o]o\Y

(e 5o ) Jlo 5> yio o

Al b SK ) ebls

slciend 3 35350 b cbjlidle @ axgi b WL Ly
Clize lo)lis o aS e bl ) (£)sloli e wiliseo
€5 o d9 Wled olate 35 ladely g Sl l5ee 14 5 009
A3l jeSde lge b cusliie bl 5 (b pe slagwly HlMde
TS e sl o)t slaasds (V) S ¢ bl (pl p
oL V=Y elide 3 1 ol (giludie (So3elsST sla ol )y
Chblbre g ol 4di (V) JS5 ppiomen e300
ol &S]y eyl a2l > sisulades > (B ldgy S
(V0) JSs odds o lnilinl slaaids sl 5 (5,185 0009,
Sy cublB Liol53l jolaie 4y a5 o Ceus B3 o i ]

Sy j Jols i g Ol,bbw 4 lagwly -
(soumnmrgS | Ol bl

3 ol rpmag Band 4S5 dag)l a2l (30 sulase
bl 2 Canlie sl Lol LB aSiy) (ol bogely o) ol
g pisy > 4ol i) (eS| Slble (sanaly
Oidgy SN 5l (3L etupusS] Sliblre (guagy adks
Vol o casl s ol ool D59 G (A0 gyt (LS
ol g L sk ) Ll ) o3l (sl )lis 5 laeS o
doylid w9 lple b lal olisl aie ) Aol
WSS g BleSs soulasgs gl den (D sl 5 )l



Yey (O 5 0b3s)) 0lss)l) ax09)l 431 (S8 ub ddgn )3 SALS Hiubgy B I (HBL il jblke (b))

YU o 5l b Y o S

SLaces j) siuladss (53550 odgue 4> e
(Slo (B 9 slo aall

L slaodgizs )3 (S s slal slojsn sl
BlS Sy o515 el b s

b 8] dwg I Culos

Y 1 5 b 2l Y puanmo S i

Bgdp0 a9 1) siulades (rgia 03905 4
(sl

L sleodgize o LS ide bl slaejgy sl

LS Uiy o515 ol s St
L b el jl cales

bl dib ke » 5 (V) aid wlblbe ganpaw

48)5 5118 daome (ganadl 3)90 3b5 (LS g 3L chawgie oS

ol 0ads 03l L (V) S po &S cwl

oo 9 (W) JS 55 cugy JB bl clib ull

calles 3590 jizul odgime [S 0 adp ;o aldle

SNl (36 whble gals lp ) Gpde sl

b olalid (alS iy

2l ases 1)) piulades Jlod odga0e 4> e
(sl

L sbodgioe 3 (LS Jidg ol slaojon lpl -
B Gidg o515 (Il b Sl

wogpj ol 0 e i Ay S )L e -

S0 sBodgate 1D 510 CudS dawgi | Cules —

O ) Mg oad cblis 3ble ghw (LlEl -
429> 1)

B Ghaigy o515

O (FoglT Sl

» 559"9 u&‘\g.lw)ﬁ sy“'g) s‘;gi a9 5@&5 0‘:‘”"9’ 6&@ d)’l»)b)‘&b'wl :(\ a) JSMJ
oyl dalyy> 5y jiladgs 3 V-V (bl pohaw



VE-Y bl 5 )l Y'Y oplesd N E Jw cwmum jlou=o sla s i Yee

LS Ll g9 BT 31 (A0 O oo (g Tdaw
Asog 31 AL 30 G b usuT adga 40

S blo s pdaw
B E K Sanad
'
o r-
; v -
]

o 20 40 80 120 160 o | |
[ — | Kilometers
» I

: A .
9 4wyl 4l )3 (5yu judulad g ol )3 (LS Hiwdgr BT I LU Ol b i anidli :(VF) JSW
Ol 9 Gllg; ol 4393 ( ALS gy s e mo yuiio F 0w 3, ailiun! (ol 545 g (5 )1 5 w9, Jol>

SPLS Liig BT 31 (AL O ybole (s aikb
anog 31 420 30 G i T ad 9> 4O

4
a
Adge Thaw 3O Sy (SN ARl
» S 3 4l
o s |
Lawgio ylas-
ey |
b s 0o I
(o] 20 40 80 120 160
[ | Kilometers

2L ibgy BT 1 (WU il blie BLd 4 dreg )l anly;d § a6 (s il aigg (simadb :(VY) JSW

Reidsma) ¢l o.xd?:. )I-a)s,&ﬁ loanlid coaenl 3l asle & 325 455 g Cou

et1 al., 2011, Chrlstl‘e gozil.z, 2|(_)12'; Setppe:t etzoall;l, 3 bl bl 4,8 @ b atuamsST el )l ploc
b9 oyl ; Levin et al., N o

G e L o 2 oodly Ui Il g e Sl g b (laaS e

S o Sl pE A deg b deogyl dab d psolas
IV 2 O P e A Axg b odaegyl A0 powldog> LS‘A""“’};JB‘)‘) L;lm)yif)aojigd.g b i 5§1



Y&d (Ut 5 Wb Vls)l) wmdaog )l Aal S S8 b dudga S SALS Hiubgs BT HI L ol jdolko (b))l

s 29290 slapille @8y ) Wlgi oo wlde laJse ple

1L Lisal,
5 L) (oell ool (slogoyyy ol B cnl )
b Sl dhie S o4 &S ab pasude (D)L
S o] dle Yo e ojly b A3AF-1230 e L
Pl g al galS asg)l dal) joulase S
ol el b Gil el Gl asg (b edgame
ol ploal 41,555 9 Tahroudi lawg o5 glaslllas b gols
oib b o)l sals wg, ¢ (Tahroudi et al., 2019)
il oKl den j 1) NRAY-VAA L b
lod aieS Byb 51wl 85l el 03905 Al vl g
VA Joleo ado )5 Lod diciin o +/Y-Y/Y Joleo ado o
b ases cpl ol @l ili8l oL,S ol 4y +/A
ulases o1y by ilil Ky, w8 LS Sldlks
Delju et al., ) wlodges dul psl dms sin b dreg)l a5l
«w!l )55l (2013; Alizadeh-Choobari et al., 2016
Ol slp |y Sglite (5318 (sl gl il Clalllas 4 31
Sloi 0y g odlitel 3y90 hgy 4 dtwn Lo bl
oy Lialdl o il Limls b wledges pMel o lisliios
G5 slacy gaw 0 UYY (2lS ids o515 (Sl
ool odwy ZXV & ZVA g al el aegyl asby
Ol e julasy g )3 (LS Jids 815 el
3905 (S0be yobo & g L VINNY (G (e 3 (5505 9 s
(sl bl ial58l QUlg, lie o 65 4 45 sl o0 70
P e gy oS ] (alS by O L &
oblS ady) SLbl SB g ) ) 5 lp sedl
25 0 1) b 13 0Ly 4 b0 03D 5 Sygleen
el (al 38 DUlgy )b (I Rl porde 4 (s pel (i
3 ol il 51 b Sligusy G o o ol
SB Al e Ll ] @b 5 bag s
35 Sligusy b il g OF S il ] @08 Ltl3al
o) alsesgs sl o poulasgs agg d daw oo
Oy ad b g bgile Jae 5l ol @l b oo)lse
25 2ge (odlll Ol S5 (LS gy S ol
Y =W ) ase p SB LAl Ll xSl
S Ojle a4 o Cwl odd ey Jlopd ple e
390 o5 o3t 3 s | el iy 3 S alap Sk

3 oleied 51 (ke slaog,S & SsS (otugss] Sloss
iz o > D Gren 4 S e o 35 Mg e ite o
pool (SG5edsST odgamme (pl > S65UsS Gladllas pdl Jlw
sy cwlio LN Sl eals pae Jb opl b Slons
oAl g0 ¢(Patil et al., 2001; Costanza et al., 2017)
P NS & SGdest ulyd b)) Clllae i o5 cul
)‘ odlal 2 s Ll {:bu‘ u.,Lﬁl)» LAPRL O U"l
o5 sl Olllas 5wl (03 g oy Bro slagshy,
28 w1y agn gla bl 4 wiledges oM 4S5 )l> deng
2 Slyss Gloj = (aldd (Giloadd 5 CunS (e Slahs,
Sldlas S5 (g9w 5l led 35020 (SjelST sl S
CaoS jl Juols ol wilatuily yiaS 5 odd pll (g5lw Je
L “"‘)‘“‘"’ J...bu dhgﬁ)l% )l odlaswl b ‘) AP QSL“L;?‘;-“’
doxy hblbe (ials ly lpl clagel 5 bowlw
25095 9% 32 Guili b 8d (aw adlllan pl 3 9l 1 abled
S oslital L) (hoosi g (silode | edlatl L) (oS (25
&) sl Febl Gy S (DPSIR espde coz)le
Wbyl eimawsST gl b)) ploul (5 g3 slacudgie

g
5 Ol e e (sl 355 (] > & WWPSS Jus
390 Sigdorimss] Syl Cumdy S iloaids
i oke 5l ey bli o B a4 ST wcd)S 1,8 solanl
P ol gl ooy sl s Sl b)) ales
sy ol i 5 {Mulligan, 2013) KBl
Van) glel o JSis 5 ol cail p iee 9 o gl sl
B owied 5 (Soesbergen & Mulligan, 2014
ol 5 Sl Sl Lawg s pll alie o)
(Mulligan, 2013) (US EPA) ISyl s jlagme cbolas
Ay olpl 3 ol 5,8 bl wg a5 L5 exliwl 340
self- parameterising, physically based Jiw. <
SleMb| g laosly yab b a5 able ;5 edlisl ¢l 45 model
OBl pie g (inog (tummsS| S ol Cind 4 oy
slaofgn 5l ()b > e o 2S5 o
9 Jdo cpl 5l eoliiwl &S b asuie ol o Sladss o)l



VE-Y bl 5 )l Y'Y oplesd N E Jw cwmum jlou=o sl yid s o

ver

390 1y k33,90 sl )3 (LS by B g aeg)l a2l
Ngy & x5 Loy 4 ggdge cnl w3 15 b5l g hexie
&S oudg sladsly bbd @ g ases pl )0 (gilwdu oail3d
yos 2 Nl o Baldagy o9y )b (I g SB ol)d
Coonl il aush alsl Jb o g osd adlo glasw Mae

2,

2 o5 @bl Ghey 90 3l eSS B ol 2
Sly i JoSe plgis @ oy (bl g (sotummsS] (ilu e
(o) S Sl oy Jl Jols mls p3le ks
SSeidsrnnss] oyl s bl Cll g il Sl
5 yol Capde > ol 38 g Clble (plad canay
odlatul )90 dregyl dnby jsulases ;3 o jlae wlalS]

a3
259993951 (sl )y 53 Gl pes (65loddil § S s
SU3 & Jie o) a3 plo WWPSS Jsa il oo
Sl S (8 )bl cuwl (s &5 gl jlame
3 m3e oilal il oty Sy Sl oo
wored > bl plsl clp (BB slaosly o5 ol
soiuuwsS | (gad SIS Gl bals 5 slosls g b g A
O polisS )3 o & ggyie (L)l S s opied )
der 5 dmsg Jlogo lnygiS > aind ool oSan oloj
Elbbie o gl b Ay eMde § LS ooyl
loodlsy lojsol Sl (il ly o sl ol i jlae
b bl cly (Sidaessl gyl 4 by
W g o o yiand ) 41335 glagloj & bgypo g oiagussS]
FIRALY W9 L: UJ9»5 d[b.}a9) ML&A d‘)) Lgla.)l.) uf
a4 Jde opl 08 a8 ob LS G ol gl Wyl e
a Wlge Ml sl cilies claolSyl a4 1851 blod
Pl SIS Gl Jl o 53 9 led S8 JSutie 0l &
plsl gow @ |y cuidd e oyl Bro gl ol
P bt CueS e p e (o5 bl
38 Jlo ) b led ol |y Seislsynss) (slasiall
beudgioe pl g Cwl dlse 35 slacodgize b Jao oyl
F 38 s miin 4l & sl lge Jols
aads S Hlain s setumwsST glad S u.‘;T 5 ol yolds
3 ialasd J 3 Sligay b ol s D) 05

PO Syge 53 9 03y lidl JUSa 53 8 VI e (o
Eroge ol b g nals SBGhled (odg) oz
2w W oalsl 4 g b S 58 clblbe uoegMe
s p ladl cala ol b Sllllas odgu
G gy il iU sbadiy s Ylein] g 0dg 55 o (yjlce
|y gl ) Jols oolatdl gdlis dat opjbe > adslud
Sledgo (15 Luy 4> g 03l0)1)8 gladllcod

@l suger g el (30 (pl plete laai> (S
syehly p» Chus slgilodse 5 bgwyn I Job
2 ol B (egrie 0ozl S CoS (S0glgrnsS]
Oladss j as )81l poul Copie g clible b))l
Choobari Alizadeh-) |, 4 Alizadeh assl ke L3
1 i Sl e alidlen s wlesls plogl (et al., 2016
kg o) )l b > Sl g el syl
sbedld g ol o)lal (ol Bl 4 ) wge
Collaol Clyis 3 odes A e Sy lgie 4 (g)sliS
5555 3 ol canl 015 B yun s Soilasin bl
L Seigapin 5 ol slogsusy | ol s Yyl L
w5 3,1 & ol 003 Ldos DPSIR s s 5l slizl
sl 1y dlol @i 5 Juwd sl Copse 1) Geios
Sl 4 o) panass (lileeseal g Gliaely
g Silwaid LB e Fiegele 5 Sy B il
ool Ll ) bl maw &S lbaty se il
ool YL (SoiglermsSt syl I slasgoome il
S8 sl dejls o5 olmedgiome Sl Blad (g pgal Mos
drwgi Al oS cpl b g Aen (alS B Lol slaojen
olyod (cpbrd slacodgize b bul o Sldl (glacep,lS
Aolh8 ) eadine jobo 4 Wlg o &S Gl o390 Wl el
255 )18 oolital 3,50 550l e (g3loppenas

5 GBS iy, Ol el bl ot S,
o &S adlas 3y90 julases > o Gileyd il
PLsl 9 )b pdiges (ly piY g 98 > 4 s
ozt 30 dBalEag) gy sl e Cae Y Syl
P polase n balbyg, of cuas g (8, )8
155 4 50 1 ol 392 (LS gy B 51 g Ll
gl Wl aoj cnl » I eSS et e
LSt Sigy & bgpye il 5 agilly ol 5] 7 JolS



YEY (Ut 5 Wb Vls)l) wmdaog )l Aal S S8 b dudga S SALS Hiubgs BT HI L ol jdolko (b))l

390 Slillae ) g osn] p3 (Sfslgynmsst (slad,S S
e ool by oad Wy sleodld g )by il g calie
GBS ol )y ool D90 by slacud b lgi e o 2L
@ by lp spalls Gy 4 5 wasy )l 1,

28l s gl Co e 0 (S3desT ol

JS o)l by Jlo ool b o] 51 Jols gols g adiss o)l
oS ol ord plul B oS bl Can jlagme clsles

23,5 oo pMel )] Cpdiizes 51008 5 S5 il pe dliawgopas

Lewilasl

1. Water World Policy Support System
2. Driving force- Pressure-State-Impact-Response

Al Al 293 g (adw J5b
et il jI Job mls guzen GBS cpl
5 ol el it b (Sjglg)amss] (sl el
Conly Cod mej S Iy » il Gy
olive Bl b 8,8 L5 oo 3)30 DPSIR asily pload
Chbbe I 6pSin 9 JiS 2 Gl iluprea
cnl 5 odlial 28 13 sl i Copde g e jlae
)t gl 4 5,5 al |y Sl il b gl
oS aluw Giovw g etmmwsS| (il s
Olyss glodS o b puiitne yobo & pilois 1) S0 55lg )08
clonl —oolaidl glacld > iy &5 Wil gla)lis
o 2o Ol L oyme 3 g i Sgm )b ady)
S 350l Cope olilopaead g oliyely & oo
SiloiesS e yida 35 bty oo a3 & eand )3

Ahmadaali, J.; Barani, G.A.; Qaderi, K. & Hessari, B. 2018. Analysis of the effects of water management
strategies and climate change on the environmental and agricultural sustainability of Lake urmia

Basin, Iran. Water.10:160. (In Persian)

Alizadeh-Choobari, O., Ahmadi-Givi, F.; Mirzaei, N. & Owlad, E. 2016. Climate change and anthropogenic
impacts on the rapid shrinkage of Lake Urmia. International Journal of Climatology. 36(13): 4276-

4286. (In Persian)

Alkhayer, M.; Eghbal, M. K. & Hamzehpour, N. 2019. Geomorphic surfaces of eastern lake Urmia Playa
and their influence on dust storms. Journal of Applied Sciences and Environmental Management,

23(8): 1511-1520. (In Persian)

Anzaldua, G.; Gerner, N.V.; Lago, M.; Abhold, K.; Hinzmann, M.; Beyer, S.; Winking, C.; Riegels, N.;
Jensen, J.K.; Termes, M. & Amoro6s, J. 2018. Getting into the water with the Ecosystem Services
Approach: The DESSIN ESS evaluation framework. Ecosystem Services. 30:318-326.

Baatz, M., Benz, U., Dehghane, S., Heymen, M., Holtje, A., Hofman, P., Lingenfelder, 1., Mimler, M.,
Sohlbach, M., & Weber, M. 2005. User Guide: eCognition Professional 4.0. Definiens Imaging,

Munich, Germany.

Balkanlou, K. R.; Madller, B.; Cord, A. F.; Panahi, F.; Malekian, A.; Jafari, M. & Egli, L. 2020.
Spatiotemporal dynamics of ecosystem services provision in a degraded ecosystem: a systematic
assessment in the Lake Urmia basin, Iran. Science of the Total Environment, 716: 137100.

Benz, U. C.; Hofmann, P.; Willhauck, G.; Lingenfelder, I. & Heynen, M. 2004. Multi-resolution, object-
oriented fuzzy analysis of remote sensing data for GIS-ready information. ISPRS Journal of
photogrammetry and remote sensing. 58(3-4): 239-258.

Birch, J.C.; Thapa, I.; Balmford, A.; Bradbury, R.B.; Brown, C.; Butchart, S.H.; Gurung, H.; Hughes, F.M.;
Mulligan, M.; Pandeya, B. & Peh, K.S.H. 2014. What benefits do community forests provide, and to
whom? A rapid assessment of ecosystem services from a Himalayan forest, Nepal. Ecosystem

Services. 8:118-127.



VE-Y Qo 5 )b Y'Y oplasbs N E Jw wonans jbou=o sl yiud 9 52 YEA

Blaschke, T. 2010. Object based image analysis for remote sensing. ISPRS journal of photogrammetry and
remote sensing. 65(1):2-16.

Bruijnzeel, L.A.; Mulligan, M. & Scatena, F. N. 2011. Hydrometeorology of tropical montane cloud forests:
emerging patterns. Hydrological Processes. 25(3): 465-498.

Carroll, M.; Townshend, J.; Hansen, M.; DiMiceli, C.; Sohlberg, R. & Wurster, K. 2010. MODIS vegetative
cover conversion and vegetation continuous fields. InLand Remote Sensing and Global
Environmental Change. Springer, New York, NY. (pp. 725-745)

Christie, M.; Fazey, I.; Cooper, R.; Hyde, T. & Kenter, J. O. 2012. An evaluation of monetary and non-
monetary techniques for assessing the importance of biodiversity and ecosystem services to people in
countries with developing economies. Ecological economics. 83: 67-78.

Cleve, C.; Kelly, M.; Kearns, F. R. & Moritz, M. 2008. Classification of the wildland—urban interface: A
comparison of pixel-and object-based classifications using high-resolution aerial

Costanza, R.; De Groot, R.; Braat, L.; Kubiszewski, I.; Fioramonti, L.; Sutton, P.; Farber, S.& Grasso, M.
2017. Twenty years of ecosystem services: how far have we come and how far do we still need to
go?. Ecosystem services. 28:1-16.

De Groot, R.S.; Alkemade, R.; Braat, L.; Hein, L. & Willemen, L. 2010. Challenges in integrating the
concept of ecosystem services and values in landscape planning, management and decision
making. Ecological complexity. 7(3): 260-272.

Delju, A.H.; Ceylan, A.; Piguet, E. & Rebetez, M. 2013. Observed climate variability and change in Lake
urmia Basin, Iran. Theoretical and applied climatology, 111(1): 285-296.

Dirnbdck, T.; Dullinger, S. & Grabherr, G. 2003 A regional impact assessment of climate and land-use
change on alpine vegetation. Journal of Biogeography, 30(3): 401-417.

Dong, T.; Xu, W.; Zheng, H.; Xiao, Y.; Kong, L. & Ouyang, Z. 2018. A framework for regional ecological
risk warning based on ecosystem service approach: A case study in Ganzi, China. Sustainability,
10(8): 2699.

Dramstad, W.E.; Olson, J.D. & Forman, R.T. 1996. Landscape ecology principles in landscape architecture
and land-use planning (No. Sirsi) i19781559635141).

Faber, J. H.; Marshall, S.; Van den Brink, P. J. & Maltby, L. 2019. Priorities and opportunities in the
application of the ecosystem services concept in risk assessment for chemicals in the environment.
Science of the Total Environmen. 651: 1067-1077.

Farajzadeh, J.; Fard, A.F. & Lotfi, S. 2014. Modeling of monthly rainfall and runoff of Lake urmia basin
using “feed-forward neural network” and “time series analysis” model. Water Resources and Industry,
7: 38-48. (In Persian)

Fathian, F.; Dehghan, Z.; Bazrkar, M.H. & Eslamian, S. 2016a. Trends in hydrological and climatic variables
affected by four variations of the Mann-Kendall approach in Lake urmia basin, Iran. Hydrological
Sciences Journal. 61(5): 892-904. (In Persian)

Fathian, F.; Modarres, R. & Dehghan, Z. 2016b. Lake urmia water-level change detection and
modeling. Modeling Earth Systems and Environment. 2(4): 1-16. (In Persian)

Fathian, F.; Morid, S. & Arshad, S. 2013. Trend assessment of land use changes using remote sensing
technique and its relationship with streamflows trend (case study: the east sub-basins of Lake
urmia).(In Persian)

Fathian, F.; Morid, S. & Kahya, E. 2015. Identification of trends in hydrological and climatic variables in
Lake urmia basin, Iran. Theoretical and Applied Climatology. 119(3): 443-464. (In Persian)

Forman, R.T. 1995. Some general principles of landscape and regional ecology. Landscape ecology.10(3):
133-142.



yYéa (Ut 5 Wb Vls)l) wmdaog )l Aal S S8 b dudga S SALS Hiubgs BT HI L ol jdolko (b))l

Forman, R.T.T. 1996. Land mosaicsThe ecology of landscapes and regions-, Cambridge Univ. Pres,
Cambridge.

Galbraith, D.; Levy, P.E.; Sitch, S.; Huntingford, C.; Cox, P.; Williams, M. & Meir, P. 2010. Multiple
mechanisms of Amazonian forest biomass losses in three dynamic global vegetation models under
climate change. New Phytologist. 187(3): 647-665.

Galic, N.; Schmolke, A.; Forbes, V.; Baveco, H. & van den Brink, P.J. 2012. The role of ecological models
in linking ecological risk assessment to ecosystem services in agroecosystems. Science of the Total
Environment. 415: 93-100.

Ghorbanalizadeh, A.; Akhani, H. & Bergmeier, E. 2020. Vegetation patterns of a rapidly drying up salt lake
ecosystem: Lake Urmia, NW Iran. Phytocoenologia. 1-46. (In Persian)

Hanewinkel, M.; Cullmann, D.A.; Schelhaas, M.J.; Nabuurs, G.J. & Zimmermann, N.E. 2013. Climate
change may cause severe loss in the economic value of European forest land. Nature climate change,
3(3): 203-207.

Kang, P.; Chen, W.; Hou, Y. & Li, Y. 2018 Linking ecosystem services and ecosystem health to ecological
risk assessment: A case study of the Beijing-Tianjin-Hebei urban agglomeration. Science of the Total
Environment. 636:1442-1454.

Kendall, M.G. 1948. Rank correlation methods.

Khazaei, B.; Khatami, S.; Alemohammad, S.H.; Rashidi, L.; Wu, C.; Madani, K.;Kalantari, Z.; Destouni, G.
& Aghakouchak, A. 2019. Climatic or regionally induced by humans? Tracing hydro-climatic and
land-use changes to better understand the Lake Urmia tragedy. Journal of hydrology. 569: 203-217.

Levin, P.S.; Kelble, C.R.; Shuford, R.L.; Ainsworth, C.; deReynier, Y.; Dunsmore, R.; Fogarty, M.J.;
Holsman, K.; Howell, E.A.; Monaco, M.E. & Oakes, S.A. 2014. Guidance for implementation of
integrated ecosystem assessments: a US perspective. ICES Journal of Marine Science.71(5): 1198-
1204.

Mann, H. B. 1945. Nonparametric tests against trend. Econometrica: Journal of the econometric society.245-
259.

McFeeters, S. K. 1996. The use of the Normalized Difference Water Index (NDWI) in the delineation of
open water features. International journal of remote sensing. 17(7): 1425-1432.

McFeeters, S.K. 2013. Using the normalized difference water index (NDW!I) within a geographic
information system to detect swimming pools for mosquito abatement: a practical approach. Remote
Sensing. 5(7): 3544-3561.

McGarigal, K. & Marks, B.J. 1995. Spatial pattern analysis program for quantifying landscape structure.
Gen. Tech. Rep. PNW-GTR-351. US Department of Agriculture, Forest Service, Pacific Northwest
Research Station.1-122.

Mirsanjari, M.M.; Zarandian, A.; Mohammadyari, F. & Visockiene, J. S. 2020. Investigation of the impacts
of urban vegetation loss on the ecosystem service of air pollution mitigation in Karaj metropolis, Iran.
Environmental Monitoring and Assessment. 192(8): 1-23. (In Persian)

Mohammadzade, S., Sedighi, H., Pezeshkir Rad, G., Makhdom, M., & Sharifi Kia, M. 2014. Analyzing the
impacts of changing agronomic land use to orchard from the viewpoint of orchardist in the west of
Lake urmia basin. Iranian Journal of Agricultural Economics and Development Research. 45(4): 775-
785. (In Persian)

Mulligan, M. 2013. WaterWorld: a self-parameterising, physically based model for application in data-poor
but problem-rich environments globally. Hydrology Research. 44(5): 748-769.



VE-Y Qo 5 )b Y'Y oplasbs N E Jw wonans jbou=o sl yiud 9 52 Yo-

Mulligan, M. 2016. Computational Policy Support Systems for Understanding Land Degradation Effects on
Water and Food Security for and from Africa. In Land Restoration (pp. 211-233). Academic Press.

Munns Jr, W.R.; Rea, A.W.; Suter, G.W.; Martin, L.; Blake-Hedges, L.; Crk, T.; Davis, C.; Ferreira, G.;
Jordan, S.;Mahoney, M. & Barron, M.G. 2016. Ecosystem services as assessment endpoints for
ecological risk assessment. Integrated environmental assessment and management. 12(3):522-528.

Nematollahi, S.; Fakheran, S.; Kienast, F. & Jafari, A. 2020. Application of INVEST habitat quality module
in spatially vulnerability assessment of natural habitats (case study: Chaharmahal and Bakhtiari
province, Iran). Environmental Monitoring and Assessment.192(8): 1-17.

Null, S.E.; Viers, J.H. & Mount, J.F. 2010. Hydrologic response and watershed sensitivity to climate
warming in California's Sierra Nevada. PLoS One. 5(4): €9932.

Pandeya, B. 2013. Understanding hydrological ecosystem services produced by the Indo-Gangetic basin and
selected mountain watersheds in the Himalayas (Doctoral dissertation, King's College, London).

Patil, G.P.; Brooks, R.P.; Myers, W.L.; Rapport, D.J. & Taillie, C. 2001. Ecosystem health and its
measurement at landscape scale: Toward the next generation of quantitative assessments. Ecosystem
Health. 7(4): 307-316.

Peh, K.S.H.; Thapa, |.; Basnyat, M.; Balmford, A.; Bhattarai, G.P.; Bradbury, R.B.; Brown, C.; Butchart,
S.H.; Dhakal, M.; Gurung, H. & Hughes, F.M. 2016. Synergies between biodiversity conservation and
ecosystem service provision: Lessons on integrated ecosystem service valuation from a Himalayan
protected area, Nepal. Ecosystem Services. 22: 359-369.

Pettorelli, N.; Ryan, S.; Mueller, T.; Bunnefeld, N.; Jedrzejewska, B.; Lima, M. & Kausrud, K. 2011. The
Normalized Difference Vegetation Index (NDVI): unforeseen successes in animal ecology. Climate
research, 46(1): 15-27.

Reidsma, P.; Kénig, H.; Feng, S.; Bezlepkina, I.; Nesheim, I.; Bonin, M.; Sghaier, M.; Purushothaman, S.;
Sieber, S.; Van Ittersum, M.K. & Brouwer, F. 2011. Methods and tools for integrated assessment of
land use policies on sustainable development in developing countries. Land Use Policy. 28(3): 604-
617.

Riordan, E.C. & Rundel, P.W. 2014. Land use compounds habitat losses under projected climate change in a
threatened California ecosystem. PloS one. 9(1): e86487.

Sadat, M.; Zoghi, M. & Malekmohammadi, B. 2020. Spatiotemporal modeling of urban land cover changes
and carbon storage ecosystem services: case study in Qaem Shahr County, Iran. Environment,
Development and Sustainability. 22(8): 8135-8158. (In Persian)

Seppelt, R.; Fath, B.; Burkhard, B.; Fisher, J.L.; Grét-Regamey, A.; Lautenbach, S.; Pert, P.; Hotes, S.;
Spangenberg, J.; Verburg, P.H.& Van Oudenhoven, A.P. 2012. Form follows function? Proposing a
blueprint for ecosystem service assessments based on reviews and case studies. Ecological
Indicators. 21:145-154.

Shadkam, S.; Ludwig, F.; Van Oel, P.; Kirmit, C. & Kabat, P. 2016. Impacts of climate change and water
resources development on the declining inflow into Iran's Lake urmia. Journal of Great Lakes
Research. 42(5): 942-952.

Sobhani, B.; Zengir, V.S. & Kianian, M.K. 2019. Drought monitoring in the Lake Urmia basin in Iran.
Arabian Journal of Geosciences.12(15): 1-15. (In Persian)

Song, X. P.; Hansen, M.C.; Stehman, S.V.; Potapov, P.V.; Tyukavina, A.; Vermote, E.F. & Townshend, J.R.
2018. Global land change from 1982 to 2016. Nature. 560(7720): 639-643.

Nazeri Tahroudi, M.; Ramezani, Y. & Ahmadi, F. 2019. Investigating the trend and time of precipitation and
river flow rate changes in Lake Urmia basin, Iran. Arabian Journal of Geosciences. 12(6): 1-13. (In
Persian)



Yo\ (Ut 5 Wb Vls)l) wmdaog )l Aal S S8 b dudga S SALS Hiubgs BT HI L ol jdolko (b))l

Talebi, T.; Ramezani, E.; Djamali, M.; Alizadeh Ketak Lahijani, H.; Naginezhad, A.; Alizadeh, K. &
Andrieu-Ponel, V. 2016. The Late-Holocene climate change, vegetation dynamics, lake-level changes
and anthropogenic impacts in the Lake Urmia region, NW Iran. Quaternary International. 408: 40-51.
(In Persian)

Thiessen, A. H. 1911. Precipitation averages for large areas. Monthly weather review. 39(7): 1082-1089.

Thornes, J.B. 1990. The interaction of erosional and vegetational dynamics in land degradation: spatial
outcomes. Vegetation and erosion. 41-53.

Van Soesbergen, A. 2013. Impacts of climate change on water resources of global dams (Doctoral
dissertation, King's College London (University of London)).

Van Soesbergen, A.J.J. & Mulligan, M. 2014. Modelling multiple threats to water security in the Peruvian
Amazon using the WaterWorld policy support system. Earth System Dynamics. 5(1): 55-65.

Velasco Arguello, P.D.R. 2014. Hydrologic responses to climatic change in Paute River Basin in Ecuador: A
case study comparing SWAT (Solid and Water Assessment Tool) and WaterWorld (Master's thesis,
Londres/King's College University of London/2014).

Xing, L.; Hu, M. & Wang, Y. 2020. Integrating ecosystem services value and uncertainty into regional
ecological risk assessment: A case study of Hubei Province, Central China. Science of the Total
Environment. 740: 140126.

Yan, G. 2003. Pixel based and object oriented image analysis for coal fire research. ITC.

Zarandian, A.; Badamfirouz, J.; Musazadeh, R.; Rahmati, A. & Azimi, S.B. 2018. Scenario modeling for
spatial-temporal change detection of carbon storage and sequestration in a forested landscape in
Northern Iran. Environmental monitoring and assessment. 190(8): 1-19. (In Persian)

Zarandian, A.; Baral, H.; Stork, N.E.; Ling, M.A.; Yavari, A.R.; Jafari, HR. & Amirnejad, H. 2017.
Modeling of ecosystem services informs spatial planning in lands adjacent to the Sarvelat and
Javaherdasht protected area in northern Iran. Land Use Policy. 61: 487-500. (In Persian)

Zarandian, A.; Yavari, A.R.; Jafari, H.R. & Amirnejad, H. 2016. Modeling Land Use Change Impacts on
Water-Related Ecosystem Services Using a Policy Support System. Environmental Sciences. 13(4):

97-112. (In Persian)



