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Extended Abstract

Introduction: The main goal of this study was to analyze and forecast the health condition of watersheds within
third-order catchment basins across Iran, based on the variability of dynamic factors and their quantitative
influence on future watershed health. The research takes a forward-looking approach, aiming to evaluate the state
of watershed health for the years 2033, 2043, and 2053. The introduction highlights the importance of conserving
and maintaining water and environmental resources for sustainable development, especially in a country facing
diverse climates and significant human and environmental pressures. Watersheds play a vital role in water supply,
flood control, and biodiversity conservation, making it crucial to understand the factors affecting their health.

Materials and Methods: In the study, key indicators and criteria influencing the health of priority watersheds in
the country were collected and analyzed. These indicators were divided into two groups: static and dynamic.
Initially, 173 indicators related to environmental, climatic, and human factors were selected as pressure indices,
331 indicators of similar factors were chosen as state indices, and 13 human and ecological factors were designated
as response indices. After standardizing the averages of these indicators, the health status of watersheds for each
targeted year was estimated by combining and weighting these indicators. To analyze the effects of independent
variables on watershed health, multiple regression methods were used. These variables included maximum and
minimum temperature parameters, land use, and vegetation cover levels.

Results and Discussion: The results showed that in 2033, watersheds in the northern regions —especially in Gilan
and Mazandaran—are expected to remain in good to very good condition (about 60 to 70% of areas), owing to
extensive forests and sufficient rainfall. Conversely, in the southern regions such as Hormozgan and Sistan and
Baluchestan, conditions were assessed as weaker (around 40 to 50% in moderate to poor categories). By 2043, this
trend continued in the north and northwest, mainly because of persistent dense vegetation cover and adequate
rainfall. However, in eastern and southeastern areas, decreasing rainfall and human pressures resulted in an
increase in unhealthy areas to roughly 50 to 60%. By 2053, regional differences became more prominent; in the
north, especially in Gilan and Mazandaran, abundant rainfall and dense cultivation helped sustain relatively healthy
conditions (about 40 to 50%). In contrast, in eastern and northeastern regions, reduced rainfall and increased human
activities led to a decline in watershed health, with healthy areas falling to approximately 30 to 40%. Analysis
indicates that temperature fluctuations, particularly changes in minimum temperatures, play a highly sensitive and
significant role in altering watershed health. The impact of these fluctuations in each of the three years exceeds
47.66% on the health index. These findings emphasize the importance of managing climate change, land use
modifications, and vegetation cover for the sustainability and health of watersheds in the country. The effects of
dynamic variables related to land use and vegetation cover are steadily increasing, and by 2053, their influence on
the health index is expected to surpass 33.5%.

Conclusion: This study highlights that future planning should focus on controlling and managing temperature
fluctuations, human pressures, and land use changes, as these factors directly and significantly affect the health
and sustainability of water resources and ecosystems. Management actions and policy decisions in climate
management, including adherence to or modification of land use patterns and preservation of vegetation cover,
can play a crucial role in improving and maintaining watershed health. These results highlight the need for ongoing
monitoring, strategic planning, and the sustainable use of natural resources in the future.

Keywords: Sustainable Watershed, Watershed Health Prediction, Land Use Change Prediction, PSR Conceptual
Approach, Integrated Watershed Management (IWM)
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Figure 1- Third-order watersheds in health assessment study in Iran
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Figure 2- Flowchart of research methodology
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Table 1- Static and dynamic factors and criteria of the Pressure index (P) in assessing the health and security of the
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Table 1- Static and dynamic factors and criteria of the Pressure index (P) in assessing the health and security of the

country's third-order watersheds
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Table 2- Static and dynamic factors and criteria of the State index (S) in assessing the health and security of the

country's third-order watersheds
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Table 2- Static and dynamic factors and criteria of the State index (S) in assessing the health and security of the

country's third-order watersheds

sbxe £ Jlxe Jolse
L (thtmjtmm?) S o7 s pdyiale b aeS
o ¢ mitmm?® S o7 6 pdiole B ain
Ly S 6ol s rdyiialep aneS
Lo S ool g rdyotile b anin
L S ok g pdyoiale b bugie
e S 55b (5dy le ene B1) i
L (30,9) SB (63l s pdy il p Dl <o o
Ly, () slse (a3l aiaS
b () nlss a5l Lawgie
Lo (ax.e) Shannon ges esLs
bs () 2l S ol
Ls (1) el oy 4 Rz ()] Canmy e
L QU ETEN JORIPRUPE S JOWE
L] (o) el Sy 4 9yad o b Bblis Cony Cars &l s
Ly () ] Sy 4 Lagie Jous b gblie Canmsg S
Lo (S 5ol Cos 4y s8le s b 3blio Sy
bs (i) el Cong @ (SSnn Bblie Cary
T (00 )) (bl Csllasl (5l 0 540 5| o6 Camntin b Sl il oy
Ly () el Sy 4 (e (slag )b Cong s
e (ar) 5] Conag @ a5 o degion SBEDS Cutmg
Loy km? J; slaws) S35l a0 ellaiil o515
L (km km?) ool 515
Lo (02)3) 65,555 oud Sl Joli5 (adlh Ol o po
Lo (20,9) 55,5515 o Jlo 3 Jolis (asLs Sen oo
Ls km? 5, i) 2y o515 Sl
Lse km? 5, ) IS Comaz o515
L MOl M?) 55555 a3 18 e Dl s o5
Lgs (Mol M?) )5BS gige 515 cdale Jilo>
b MOIM?) ) 3 gige 55 clale aSlas
by (MOl M) ¢y, s gige 55 ke baosto
b MOl M?) )5 3euS sige 55 Cale jLao Bl
by (32,3) 5255 deaS gige S5 Cald Dl i 2

2555 g 03y (51 sl il § eaDluw (31 30 (R) gemsly a5 (5l g1 L] (5100 slazo 3 Lo Jole — ¥ Jgur
Table 3- Static and dynamic factors and criteria of the Response index (R) in assessing the health and security of the

country's third-order watersheds
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Table 4- Error and precision statistics, and optimal model in predicting dynamic criteria of the health
index of the third-oeder watersheds of Iran
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Table 5- Kappa coefficient and overall production accuracy related to land-use prediction
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Figure 3- Zoning of health status in Iran’s third-order watersheds for 2033
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Figure 4- Zoning of health status in Iran’s third-order watersheds for 2043
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Figure 5- Zoning of health status in Iran’s third-order watersheds for 2053
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Extended Abstract

Introduction: Integrated watershed management is a cornerstone of sustainable development, encompassing
policies and actions aimed at conserving water and soil resources, preventing environmental degradation, and
enhancing the quality of life for local communities. As natural units, watersheds play a critical role in maintaining
ecological balance, preserving biodiversity, and supplying freshwater. Effective management requires a holistic
approach—considering water, soil, vegetation, wildlife, and human activities—while integrating economic, social,
and environmental dimensions to create synergies. One widely used tool in this context is the DPSIR framework,
which analyzes cause-and-effect relationships among system components. However, in its conventional form,
DPSIR often merges driving forces and pressures, making it difficult to isolate the specific impact of each pressure
on particular states. This limitation typically leads to generalized strategies. To address this issue, this study applies
the nested DPSIR framework (Atkins et al., 2011) to develop targeted management strategies for the Goorsefid
Watershed in Tehran Province, with active participation from local stakeholders.

Materials and Methods: The nested DPSIR process involved eight key steps: (1) constructing individual DPSIR
cycles, (2) compiling a DPSIR table, (3) designing a conceptual map, (4) developing a decision matrix, (5)
prioritizing pressures, (6) scoring responses based on pressure significance, (7) evaluating responses against
watershed health and sustainability criteria, and (8) ranking responses. In this study, the environmental, economic,
and social states of the watershed were assessed both quantitatively and qualitatively through literature review, field
surveys, and stakeholder interviews. The remaining components were analyzed following the nested DPSIR
methodology. Data were collected via questionnaires administered to 60 local residents and 25 experts and were
validated by 12 specialists. Reliability and internal consistency were tested using Cronbach’s alpha, and a five-point
Likert scale was used to assess the weight and importance of the DPSIR components.

Results and Discussion: Five key drivers were identified, leading to 18 major pressures. These pressures caused
changes in 17 states and ultimately affected 23 ecosystem services. To address these challenges, 27 management
strategies were proposed. The five highest-priority pressures—based on stakeholder feedback and their recurrence
across multiple states—were: (1) land-use change and vegetation degradation, (2) lack of a coherent water-use
system in agriculture and livestock, (3) overexploitation of surface and groundwater resources, (4) drought, and (5)
issuance of grazing permits to non-local, non-pastoralist individuals. The proposed responses were categorized as
follows: 11 physical, 6 political, 1 managerial, 5 economic, 1 socio-cultural, and 3 ecological. The nested DPSIR
framework effectively illustrated the complex interactions between human and natural factors in a simplified and
more accessible manner. As a methodological innovation, this study introduced a coding system for nested DPSIR
components to reduce redundancy, maintain structural consistency, and improve visual understanding of
interrelationships.

Conclusion: Applying the nested DPSIR framework—through mapping individual cycles, constructing interaction
matrices, developing conceptual diagrams, conducting quantitative analysis, and prioritizing components—enabled
the identification of causal relationships across all system elements. This approach provided a comprehensive
understanding of watershed dynamics, supported precise goal-setting, facilitated issue prioritization, and ultimately
guided the selection of the most effective management strategies. Therefore, it can be concluded that applying this
framework not only enhances the decision-making process but also fosters active participation of local communities
and promotes the integration of scientific knowledge with traditional experience. This approach may serve as a
model for sustainable management of other watersheds across the country.
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clasoil 5l Jols slaools 106 5 juime goliwl
5 et Laly) pewy 9 D85 Ojpe Sl
sloailye Jolss oy 5 sl Gl it
Slp aalsl o 8l pll sul oje> il
2 e aelsr S oSl 5 85 bl
Judos ol Lo 5l dagy ] Gl g oM bl
S0 ool gy, jo 0l colaiwl e o
i slossly o] sloasls jo g aiewe e

(Khosravi et al., 2021) 545 c0 i
56015 c.gl.:.o )“ AW ‘5)51.); ooty axlsl Je
oleand leads plil gla i, las 5 Sl wo3b
Gyl 5l solanwl b oaallas 0,90 vl oje>
§ ol ol Wsbee Ll DPSIR oS,
JS5is DPSIR - slizme a2 (poir S5
S Sandy o sl K00 Sjlear (VS8 998 o
ool DPSIR s 000 a5 > S walize sla S

(som Jol e 5o Ol cpl (g5luar LSS 090 o

oo 5 cde by cwyp rizmen 5 clogldl
09> Gcl.o.o-‘ 5 golazil ‘Gla??m slbacs> ul~°
sla o s p 4SS b adlas ol .ol ons
Drmte ddhie gland sllae g sele
el 1) eloizl 5 golasl o lams slo il
S o

ostie Joo Sy b8 psul 0je p (Supde
Sheikh et al., ) oi ey byse cpl Jolss
5 slosle Hlalis 5 8 Lew b an s ol (2018
e golsz Sl goldS Sl izman g a8l
Oy 90 Jold (segphe Joe angd Jlye ol ploxl
265.3 (_él‘c‘

Copde 9 0,55 p S Jolse g loyste olulil
5 ole e wyn Gk 5l & sl oje>



S ys8 3l 039> (S pe sboaelp (p9as 3 DPSIR (8 0 Coz jl> cen )5 Y

=S7 bty sbas L e olw =K
iy U5 olls =87 5 Gheny 2 Oells
5 Elig)S Sl oo (soipands Cules 50 unl
RPN S O C A PRIV

G rSoslail sl SPSS li8le i 5l gados pl o
SLL) IAA T Jlaie g s soliial Flig,s W
el Cows 4y (aolidins 2 e

Aol (bl 9 ELIgyS ST 3o - Joua
Table 2- Cronbach's alpha coefficient and
questionnaire reliability
aoliwy LG Cronbach's alpha <o o

S a>0.9
e 0.9>a>0.8
Js B 0.8>a>0.7
Ly 0.7>a>0.6
s 0.6>a>0.5

Jsd B 0.5>a

5 DPSIR sleadlie Cousal 5 jlitel s sl p
by @bjkd) fub anF my b oS b
Dzoga et al, ) o oolawl (o5 Lo g o5 clawgio
224 by S 5 o5 Sledlbl culgs e (2020

a5 Jelod g gy 6 p5leez DPSIR ailse

Pressure
P)

Response
(R)

a. DPSIR

9 ob; M |) Ja.:‘ﬁ) L «))LMJLSA )élé ‘) u‘).:)ls
AKINS ) wisS lolis 1) 60,115 2y e Lol
sl ol @z ikie anT, (et al., 2011

O Sleds Wig) 5 Gladl 5 (larme Condy (s
5 ()led) et Jalse o wgd o 5l
Cends Gop wrge o5 (bagliin) e e
gewly dalsl )0 .050,5 oo (B g ololid wiloass
Condg Sgnge Sl (Jiz] slo Sal) 5 oo o)
e Sl pegas cnl j3 Wed oo et 5
Gob 3l o Gt IS 51,8 YO 5 e o8
W Lg”To)f dolidow

Obolis )5 51 a8 VY heg badlkitw, o,
W adl g ey Rl aslel g laaxie
Sy (i o sl (Sheikh et al., 2018)
L Jlow 5l SLSG clls B aeogwly b ol &l )
&9 Soles 5 (bl o slp sl axsls
(\ akl,) Cronbach's alpha Jge,3 ;I o sy
:(Agyemang et al., 2007) o& solazul

i, 2
= () 5]

2 M

RESTORATION \ A
yL-o\
-

b‘

b. Nested DPSIR

(Atkins et al., 2011) (b) Nested DPSIR 5,59, 9 (@) DPSIR Gg2 )l 51 (olei -V i
Figure 2- A schematic of the DPSIR framework (a) and the Nested DPSIR approach (b)



Y VE- 0 bl g o)led ot o sl sloojsm gl o pyoe

G, bylSal, ol Gelul s arul=e S,
RS

oot 5l oo bl y1 ) lS0ly iyl (V
(Sozd olal eld lajlxe sl gyl g
—sleizl g (o poe el sgolail S Liles
Sliee clolid 5 i 51 oolizul by aiies Sin s
5 oaie jles (ul o JBal) j mdiee 58
D s O ST A,

sl ol » by, galacaglyl (A
L ol Sl wadw)ss sl by cedle
@zl Caglgl ;o o oo S as, 5 YL Ll
4z S 3

Ssluly Gl yuiio SMolai (ogtho Joko s
s 595 sl 0592 aodlas g

oo slaiie G Jolsd (ogpde Joo T S5 50
5 S sleiz] golail (SoielsST ((Sugd
ol el oals &l o )55 Bul o5s 1 s e
obed (Judos 013 0 B ols Sl 09,5, 4 Jow
R e 4z L6 Dge a4 ]y ead zokae ola
DY

LD LW RLESCRY WE 5}

odls ool Las (B) 5 (F) o IS jo a5 jshilen
liwg) oo @lor SL 4 arg Lol
39 e sl g (oole @lio S 5 auhes o8
S sl laassil 51 el slecsls
ol ISt (55 33 (sl diges lyic 4 SIS
5 (Goiny 5 ) ©f gl Cundy o0
JSie Sl 10 005 atd e p @l 50
(Sheikh et al., 2018) aco ,o Liws, plw 4 by ye

e 0 |

DPSIR 5 5o Coz)l> gl

&1y DPSIR 5y 45 > 5 liges & JS& 4o

O g (59

DPSIR 5 yo g2 3lz (s1y21 Jol po

Solad 4y a>gi L:DPSIR & yaie a5 2 ol! (
Caxdy o gly Glegh (pl o walite bl
S e e SO SUsS slagion o
A5 52995 DPSIR (sladalse

Caypd o ol 45 DPSIR Jgoz amd (¥
ol Slladl 5 an Sl e Lad e 5 o5k
Qﬁ.wLSA uaM 4:.]”44 b)yo ).\.7:.:] 0)99- )Q L)&QA
loailze (sly (5513595 55 o 55l Olgie &
o0 (6ol i 1S5 5B ws >|,L DPSIR
om bl srar SHe g i g Bl pledl
b Sgne Loadlse

omles U ol apy Cmap 18le 5 5 b 5l (Koo
w2153 1, DPSIR (slizl i L Jolss 5 Lals, (5 oo
.0)5]

@ ol gl e S eemal g Fle csle (F
Szl e b olsd b S po oS oS poncd
S samlise Blad sbay |, DPSIR Cg> L

o Joles Jlow 5l ey ia)LAS gasucaglgl (O
lagy T (Slgl3 g (ol )5 ) ol ,Lad Jelge
Ol el gandaglyl Glise glaciasy o
a) b lo)lid og CuwalsS slae 4 guaca sl
eolor b slals ol S g e b
e b el 00l (sl S955 lacandg g (oo
Sl (S 55 Lo glgl oans] jo lacaasg g il
9 Coodl wlal p b)Bal) 4 2oLl (¢
Sl lad elge aiuas) 5w oy Lid 5Ll
boogdor oud Bl ilad il jo ble yo
Jole iz Col (See JSal) o Sl 4 az g
2L ke Jelse Sliliel g )35 1 Lad



Qi35 50l 09> (e soaslp (g o DPSIR (S 1 szl cun)lS YY

ol 5l oY di s Jlnsl a5l ) sl awle
laolligSn  Jyolpe arwy -F olil s
(S99 S 0 5 KIS 5 Sl
Jsaz 53 45 DPSIR (sladilze oy (55505 (555
Jole o liig 1S5 Lmals a4 caul ond 4il)l ¥
wadlse o LLI)| srar 5,0 5 00,5 S5 o
A0 oo il

lardi ((Kon 3ble ¢lp G588 @S ol
Ssie 4 ¥ USE 4o b dms DPSIR _aseis
&y DPSIR (sloailye ospio 4i izl
Gy el on W) dphas o (glis, oo
e 4 ehe seaid ple a4 pwied
Sl £92, (Sheikh et al., 2018)

w35 Glapllad i T gl LA 381
Eblie iy LaliigSin (e e (Sl 381
(i g ool ki 5 St e iR
s gl G gl p o
9 k8! ekl 123150 31

w2 sl

bl 883 pyams 3 lond G295 S e
Pl ola 150 jl a2 i St 5100 0
3 Sl ki gyl g (Sl e

50 Loy Sl SS& 4 o coiS Jals consg
4 azg b cul ool al)] whu,sS sul oje>
ol et Consy wile e slauasy Sl
2 gl ol Sgline b Glike sble o
e & Sjie SBaS 2 plo & (o yiws sl D

¢ 9>, (Sheikh et al., 2018)
g aslllas 5590 1sul 039> 50 (1) Jgazr bl
sl e HLzd VA a8 ws slules Lol iy
g 0l Cardg VY s el o ylad ol ailes,S
JRYIRCFURINC J RPUECSI ¢ P SRS SCRCH JUUP
[o 70, VY ity d5ee 5,128 (halS sl wcales
ol (V Jgaz) cwl eal slpiin Sl

a3l wailsog) ey 250 ealey
Slop s sl pes lgdlad y gjle

3 il sl @l jlas 5l G
o)l G et g o slasiallad

1
J [

wila) gl slygllad
(ke

o [ ] Exd PP PRy
s ) 5

gm0 il
g shuals g S5
el glasgs S pas

of glie Cundy ][ (PP S-E5 FESN | K 7193 ][ (AT - ER PER | F ]

Wil s pasu g
B )
92 jl e shiloy o

o adtis il

e silonese
il @il il
el g
el
s a3l i pur
Hgslepepelsile
el ki yolae

) v

Pl l

e sl
ol

e gl 3!

e g 50 i
Sk yof 0T 039>

3 8t 2l yo

(4] o) ol
PESTTEES

O gyl
Wl
1819l
9 G55
Rzl

s 395 35l 0592 Cadlas 9 (53l (SU yuito car Hola sogtho Joro — ¥ S
Figure 3- Conceptual model of the interactions between sustainability variables and watershed health in
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Figure 7- Conceptual map of DPSIR components of Goorsefid watershed
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Table 4- Matrix of interaction between state and pressure factor for GoorSefid watershed
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Table 5- Matrix of interaction between state and impacts for Goorsefid watershed
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Table 6- Decision matrix of interactions between pressures and responses for the Goorsefid watershed
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Table 7. Prioritization of pressures based on rank and expert score and their frequency in different states

(Log) ;Las ol bl Caxdg yo Lid Jlglyd Sl 5l SLid a4 HLd
2.18 9 17 2 P1
2.20 10 16 3 P2
1.00 1 10 9 P3
1.74 5 11 8 P4
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1.85 5 14 5 P6
0.78 1 6 13 pP7
1.96 7 13 6 P8
1.51 4 8 11 P9
2.13 9 15 4 P10
1.95 10 9 10 P11
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2.33 12 18 1 P14
1.45 4 7 12 P15
1.30 5 4 15 P16
1.08 4 3 16 P17
1.18 3 5 14 P18
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Table 8- The decision matrix for the points of responses according to the importance of pressures

JLad

g gﬁ 3 P18 P17 P16 P15 P14 P13 P12 P11 P10 P9 P8 P7 P6 P5 P4 P3 P2 P1

3= sl

B 1.18 1.08 1.3 1.452.330.78 1.08 1.952.13 1.511.96 0.78 1.851.08 1.74 1.0 2.2 2.18 lo,Lis Ll
9.01 1.3 2.33 2.13 151 1.74 R1
7.79 1.952.13 1.51 2.2 R2
6.51 2.13 2.2 2.18 R3
9.38 1.18 1.3 1.952.13 1.08 1.74 R4
5.42 1.95 1.511.96 R5

1 1.0 R6

8.02 2.13 151 2.2 2.18 R7
6.07 2.13 1.74 2.2 R8
2.08 1.08 1.0 R9
5.04 145 1.85 1.74 R10
2.16 1.08 1.08 R11
8.46 1.952.13 2.2 218 R12
4.07 2.33 1.74 R13
11.42 145 195213 151 2.2 2.18 R14
5.38 1.3 1.952.13 R15
7.78 1.952.13 1.96 1.74 R16
11.42 145 195213 151 2.2 2.18 R17
6.51 2.13 2.2 2.18 R18
7.12 1.08 1.95 2.13 1.96 R19
4.08 1.952.13 R20
5.67 1.18 1.08 145 1.96 R21
3.71 1.18 1.08 1.45 R22
1.08 1.08 R23
3.04 1.18 1.08 0.78 R24
419 1.45 1.96 0.78 R25
2.26 1.18 1.08 R26
411 1.18 1.08 1.85 R27

UL"‘° )| ‘«gs“’l'&""" Q.:.r..bﬁ» )L:M 6‘)‘.’ 9 q Jﬁ..\.‘>
Jas as olelis hoe Kol 1 de,Kal, e
50,8l SO sl Coglgl jo Kl rad wlass ]
Syl 518 egw Caglgl jo el 90 g pg0 gl
Caxdg? Jlae b bLIJ1 o ol cogyl slaSal,
s.j 6)“5)'."’)'9('? ‘ana C)La‘ -\ )‘ -.\..J)L..C «‘Sml.:.w
o Sz dlap jeoe ;0 G550 Y ks glas
do [ ormb By 5l (6 Ky 9 Sy o pae -V
JreS lgd (pgad g oyl -F il Solg>
oVl -0y s o lasls g ol Gfo?ﬂ

S L S Sl Gl g a4l e ale ey
Condy G Sbylne wlol oSl e
A el Sedn ;oS psul 03e> (5)lmb g Cdles
bl hagh nl mls Wbl 2 (A Jg02)
sul 5o )l 5 Cedles Comdy (ol o
VoS llear Y (b slajlae ) els
—LSCLQ.:.?"—; 5 et =0 ol ¥ csolazsl
Slaazg bl Kl Ll plpls cul Ko )8
Ganas ) (B9 sloylre 5l o ya Lol e
S mSore bgsbie cnl sl ol ganatus
Ol b Saly e pediis 0,5 (Glulil )l Lk
Alasy a9 08 ool Glal byjlae o8

ool g diges lgreds ol Siie o] ek



£ VE- 0 bl g o )led ot o sl sloojsm gl o pyoe

Ol g (59>

i 555 il 0395 (5luly g Coodlw Cumidg (ol (5l jLio 50 b )11y Wl 5T Slgl 8 g 4y -4 Jgua
Table 9- Rank and frequency of the effects of the solutions in the criteria for determining the health and
sustainability status of Goorsefid watershed
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Table 10- Prioritization and classification of responses in the criteria for determining the health status of
the watershed according to the rank of the direct effect and the score of each response
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Extended Abstract

Introduction:Soil loss and sediment yield are among the main challenges in watershed management, especially
in mountainous areas, which, in addition to reducing soil fertility and ecosystem functioning, also threaten water
quality and the sustainability of hydrological services. In this context, watershed hydrological services, such as
sediment retention, are of high importance because they control soil erosion and reduce downstream sediment
transport, thereby improving water quality. The topographic, climatic, and human conditions of mountainous
regions in northern Iran, especially the Hyrcanian forests, make these areas particularly susceptible to soil
degradation, increasing the need for monitoring ecosystem services and analyzing the spatiotemporal dynamics of
sediment retention to assess changes in ecosystem functioning and the effectiveness of management measures. In
this regard, the INVEST model, with a simple structure, limited input requirements, and high interpretability, is an
effective tool for analyzing these services at the watershed scale. This model, using sediment delivery ratio
equations and spatial data, allows examination of the spatiotemporal changes in soil erosion, sediment yield, and
sediment retention. Given the need for comprehensive studies in Iran, especially in the Hyrcanian forests, the
present study aims to investigate the spatiotemporal changes of soil loss, sediment retention, and sediment yield
over a 25-year period in the Talar mountainous watershed. Additionally, sensitivity analysis of model input factors
was conducted to identify the most influential variables affecting sediment delivery ratio results.

Materials and methods: The study area is the Talar watershed (Mazandaran Province), spanning over 1,700 km2 on
the northern slopes of the Alborz mountain range, with an elevation range from 216 to 3,983 meters. The SDR
model from the INVEST toolkit was applied to estimate annual soil loss, sediment retention, and sediment yield.
Average soil loss was calculated using the INVEST soil erosion equation based on key factors including rainfall
erosivity, soil erodibility, vegetation cover, land management, and topography across three study periods.
Additional parameters such as the sediment connectivity index, K factor, and maximum sediment delivery ratio
were defined based on regional characteristics and expert knowledge. A sensitivity analysis of the model input
factors was also conducted to identify the most influential variables affecting the sediment delivery ratio outcomes.

Results and Discussion: According to the results, over the 25-year study period, soil loss decreased from 896,535
to 758,981 ton, sediment retention from 1.297 to 0.757 million ton, and sediment yield from 113,643 to 57,426
ton. The main cause of this reduction was a 28.8 % decrease in rainfall erosivity during the study period. The
analysis showed that pasture land had the highest sediment retention capacity (415,978 ton), whereas orchards
had the lowest (3,676 t). Meanwhile, the highest sediment yield occurred in rainfed agriculture and pasture, while
forests and orchards had the lowest amounts. Sensitivity analysis indicated that rainfall erosivity, with a relative
sensitivity coefficient of 0.99, was the most important factor affecting soil loss, sediment retention, and sediment
yield, explaining more than 47 % of model output variations. The K parameter also influenced sediment retention
and yield, though it had no direct effect on soil loss. Overall, the INVEST model is more sensitive to natural
parameters such as rainfall than to management variables, highlighting the necessity of integrating climatic data
with human interventions in management.

Conclusion: The findings indicate that the INVEST model, with high spatiotemporal analysis capability, is a
suitable tool for assessing watershed hydrological services, especially in mountainous regions. The observed
reduction in soil loss, sediment retention, and sediment yield over the study period was mainly due to decreased
rainfall erosivity and climatic changes. Dense vegetation cover, such as forests and pastures, played a key role in
sediment retention and soil erosion reduction, while human land uses such as agriculture contributed more to
sediment yield. Sensitivity analysis emphasized the importance of natural factors, particularly rainfall, in
watershed management. The findings can be applied to identify critical areas for conservation, prioritize sensitive
land uses, design monitoring systems, and develop future management scenarios. It is recommended that future
studies utilize long-term data, complementary models, and scenario-based analyses under climate change to
enhance the accuracy of assessments and the applicability of results in ecosystem management decisions.
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Citation: Zabihi, M., Moradi, H., Khaledi Darvishan, A., & Gholamalifard, M. (2026). Spatiotemporal dynamics
of soil erosion, sediment retention, and yield within the ecosystem services framework in a mountainous region
of northern Iran. Integrated Watershed Management, 6(2), 47-63. doi = 10.22034/iwm.2025.2066256.1237
Copyrights:

Copyright for this article is retained by the author(s), with publication rights ®
granted to Integrated Watershed Management. This is an open-access article @
distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/ by/4.0).




o o g9 (FY-2Y) Olxdio AP B lewl (g0 6 Lol (il JLuw sl e je> ol Cu pae

doi: 10.22034/iwm.2025.2066256.1237 YYAY-FOMY : Soig usdl LLS ‘-“»c

@
Bojpo

Gloss Joo 92l 50 Qg dlsi g ClligS (S Cé) 08 GGl (sbig
Té)éslasy.é S0 “&L&g’g)é 6..\.".5 ..x.>|9.\|.x+c “6‘>|)'° Lo‘)..x,,» ‘*“5:9,35 I
Ol 688 e yde Sy olRidls o rls alie oaSlisls (8, il cwdige 05,5 )

mohesen zabihi69@yah00.com : g odduus g5*.¥

OFF/FIYA b yady g, VECELPIYY. e,k gyt VO ETA bl s fu )

b gusiro 005

5 Gpidol> [2alS s ogdle ( SliwasS bl ;o osas dajsul o e ol sla e 5l (S Glgicds gy audsi 5 S 8,00 idodde
CuilagSs asile b jsul SG5alsjane Sloas (il (pl 10 S o wagd 5o 1y Sojelg aue Sleas bl 5 ol mlie cudS qpianwsST o Slee
Lld g ol alie oS Gli,] 50 ooty & gy JU! 2alS 5 SB Lialasd S8 b Ly eai)ls,ss s oVl St 5l e,
Sl Dy 5 93,5 S i 58 A |y 15 ol (SIS b sl S oizgts ol Jlad glisS Bblie il ol 35 550
sbojer maw ;o Sleas cpl Jdow gl S50 )0l YU s Colild 5 D500 (699,955 0ol (g,lisle LINVEST Jow dbewly ol o .l ools
Iy Cgmy cdlagSs g adgs il B e Sloy Sl pais oy 0 Kl ( S (slodls § gy J1956 S 5l 6o s0 b Joo ol il juse
ailge s S o) Dl gy Ban b 0l gk (S e SaSiz ohigh plnl 0 elr Slillas 4 Sl 4 az g Lo jsle eal
Sl 6355 olse Coplim Jalow cppizma el 0 plowl VB _liisS sl 1o Al YO 6,90 Sy (b wgesy dlgi 5 CtligSs oS 2 am
el 428,518 e gy 978 S @l 2 e (slapiie (St (alolid

S gy adg g gy CllagSS (S b jae AVl dwlxe sl INVEST lo )yl acgozme 5l SDR Jow ¢ 2agh opl ,0 il iy g Slgo
Wbl Sonsloyd Jolis Lol Lelse slie 5 5 INVEST Jas ,5 SB Liglad 0,50, alolas 3l oolial b S1 cd) 00 nSilo ol 43,8
Jlail asle asle jL53,90 slayiell plo b sl (Slalllas 0,95 4w 33 (SIS 0g8 5 (2] Cupse (AL il SE spdle b
wlolid jelareas caalol [0 ol s glddlie glo S5 5l cilil g Sledbl ulwl 5 Ggusy g8 Cand iSTam s Kl )l (IC0) (o9,
s il 25 &l 2 S 12Tl 2 00 ite 2 i B, & ol o coge 55 s Jaa 2 388 (sulS sla e
28,5 plol

& Ogedee IVOY 4 VIVAY 5l Gouy CoiilagSS o5 YOAAY &5 AAPOYD 51 S ) yum b YO 0,90 (b idgh ol bl iéexy g ol
Cobyb ity el 033 Ll (Satiloyd ghuoys YAA il o] Lol Jule o5 ol azily (2alS o5 OVEYS 4 VYPEY S Com) asi
23 S35 53 Cgmay 35 (i Cansl (5 TPVE) EL 4 bgaye 005008 5 (5 TAOAYA) @ p0 @0 Loguje (o211 slacs )5 50 gy CetlagSS
o s s A8 s ol 0 b ol (Sl 10 5 el ol ol 5 swnli 8y 5 S 5 (2505 5 €505
RS cdyiue p (Jy o)l Jl s, adsi g ctlagSS K pally a8 Jlo )0 @l pulaly canl (295 Sliess 0o )0 TV 51 iy Jghens
OMSlae g (sondBl DleMbl 5,8l5 & yg 0 45 (el e (gl piio 1 5 el (3L aiile ade Jolos 4y o INVEST Joe o lad pdins
s oo Hlas o e ol gl

Seieleyed Slass bl sln cebie IR VL Sloj 5 S Jelod LB LINVEST Jus ses o lis polo gl (sloandlyig puS aomid
5 ohb Sanle s 5l ok Boee anlllas 0,99 b gy adgi g uilagSS (S, an gals el SliesS Eblie 10 ofgd eyl
S )5 as Jlo o ails iolu 3 jals 5 Slgw, Lads [0 guldS il a0 5 Sz aile 15150 (2SS Jidgy Cunl 009 condBl Ol s
ASg> Lo i 50 ( SNl o (ormb Jolge a4y ax g ols lid Jaw Colae Judod a5l gy 0 10 (6 i e (65,0liS wle gl
Bl Copde lag b g 5 Gl s (SLb (les Sl el (Sl Bble plulit 6l wilg e aidl ol 555,5
Sg plomil a8l s Cgz ol 40 pge b Judo 5 JeSe sla o canails slaosls b ST sla g 058 so slaiig andl arils o )5 S
VB 5T gy L1355 s « INVEST Jas oS58 00 lass ¢ 1S o clo ISt 1l slaosly

ol sloojo sol> ool Jlods SliwnsS dilaie G 0 catmnmwsST Slodd Joe gzl 50 Cgmy g g
SY-#Y (V)P

il @

@ ® oo b hlasl plgd bl sl bgase allie ol () odimns slp Ol> 5>
O3 p3es ly s Colg o ol O gm0 onl 5o e ol Slalllae plas ;]




4 VE-0 bl pgo ol (il Jlos RVCA PPrysyes ol o pas

5 atws opl .(2024; Juan-Diego et al., 2025
b La o (gmenb (slo,515 5 oy T, ol oo
sl wis Ol aaar (b el sl Ol
St gy SIS 5 Dl 7S (i)
b 5 g1 8 Shos Ly ull 255 o
gy CligSs clee ol 55 s bl adlie
Sl gals sleadlse 5l (S0 Olsea
nlpiar (b o8yl sasasplis (Sujelg e
bl 4 Slge, Jil g olel> 5l x5 sl> ln
o>l byl (Gwal et al., 2024) el cass ol
a5 JliasS ble ;0 o was
Sl 3l diie S 28, s 3l g Golw,d
5 eslinul (asl s iz o el 8,555 YU
lrools a5 a5 sy 5,15 5 jeome00ls ool sla o
e 9 08 513 51 g Wl 5L (6 Fogacme (60959
Olseds w0y YL Sy 5l mls
oz Slas Sbi)l Gly sl 68,5y,
Vigerstol &) o0si oo zrhe g, CllagS
bl alax; TINVEST o .(Aukema, 2011
Sloas byl Glp a5 cwl awy cpl o gyi
dlisee Ollllas wlul 5 g a8l dewgi  codwwsS]
«Sharp et al., 2018; Marques et al., 2021)
Siloderd sl oo (n Fosliiul p 51 (S Oy
L oo ol osd oo bl placwsS] Oloos
wolw [Lsle g wyws o leools 51 (650,00
3 S el i b gl 3blie ol IS
o2l 1) sy Sl Gl plas e
Sy Glr S Glnl Wisee 9w o
Wb el elde )3 (ormb @l jll Copoe

.(Kantharajan et al., 2023)
oS] aad G 5 Gloy (ol (o)
Glonl B Sy 0 sl (B Cgw, CublagSs
e ol o 5 piepmssST o,Shos ol b

3. Integrated Valuation of Ecosystem, Services and
Tradeoffs

Oh)Se 5 (emd

dodilo
Sl (n a5l og) e s S Gl
ooy GlinsS” Gblie ;0 fusul slaojgo o pas
Srlol ol Gozmen aladely o5 990
<l @l Sl wagd g pwsST (25 2l ST
Jd=s (Rehman et al., 2022) o,ls ol oo & |,
Sloas Lzl 5o laanT B ol G lej obg
S e 55 pe3 b ohig o atsS]
9 ST Shas 51 60 S y0 Wlg oo ogm,
axly 5 5l sl w3 i pote Laladl i
PEREEPRIERICA NI SRR A%
b Sopde g sl JB so2ly rizen
args Sl s yaalp (ol jome (lgieds oS ol
Copde (He & James, 2021) coul #,lae ol
5 oIl arug @ olzws 6l ol) ol sl
39 5 pomrsgST 50 09290 milie S o Jolas ol
S gy w7y ol bl ol )l ol
SpiunssS| 25250 (gl )Lt 5 a5use] (sloo ;5>
Oz 9 Coxe Gl ealdl pots Joy (b
e sl 5 Blos ol hlin slad )3 angs
Tiwari & Joshi, 2012;) Lo siS (opow
sl ,siS o594 5 (Mperejekumana et al., 2024
Bl o7 aolol 098 o0 Dgmne drwgs Jl
Sloas Coeal Sy g cll 4 e b
Olyieas pladl oy 5 cundl » o] 3B 5 Lol
Wang et) gl co srmd mlin Co o ol Bon
.@al., 2016; Luo et al., 2024; Sayed et al., 2025
5 peiiens mlse 5l lasgeme 4 Vsl cleas
eolyz lp gl a5 05800 U priins
Slead pl glgl Gl jo aS e @l Sl
5 BT 50 gy M Sy e Sleas
85l ol sl g oo,S Wl ol a2 o o
Xueetal,) Wy oo jlodsas Jnoxacun; Sloas

1. Sediment Retention Service
2. Watershed Services



(sommsST Bloas Jaw gzl 0 Cgay adgi 5 CllgSS W SB 2d) jue S Gl ol AR

w2l 68 s a8 wisls )Les IS5 5.1 Kentucky
o8l e A Sl Cgay S Bl SS (5 i S
Ll e 0 (Y4V) L Kea 4 Chen sl
(VYY) ,Ken g Chauhan .a5s,5 5,155 (5 0
L Wl ddlie o &8y Shimla Cgx 550l o
Colzr O gy e Camd Jao I eolanl
Iy g,y cllagSs gloj 9 S5 &l s AINVEST
Lot sloadg> n; )0 cod)b als g 03,5 L)
Slyeis 51 26 1) st (e 50 ol Gl
s Pérez-Cutillas .wols azis ol )8
535 50 el 059> VY o 5 (V4Y0) o, Ken
5 S I eole uolidl a5 wols olas 1ST,e
Asadolahi .l 1 jo el axils o jo |y cublagss
SYOUTL, S cé, o ol (Y10) o)) Ke
Cgw)y SIS g s Ve olal b JuSs w0
39,38 ,5 sl o JSa o o5 P sgas U,
o35> o (Y-YY) oK 4 Barzali .o 5 o)jTﬁ
oy Gl 1) e &lhe 5 o S oS 51 sl
Ol Rl 5wl g, Sl cod)b
oS ol S falyd tal8 e |, ol
o (VYY) ,Kea 4 Sadat o (glasllas
lehazsS Al 5 Sy olraY slaedy>
s g S le 0 wzy BB Sl
30,5 glolis aiids ass g0 b G, CublagSS
ot bl e (YeYY) LK ¢ Zarandian
Colg S catmpsS T Cwds as e o Lol 6 )8
& INVEST  Juowe 5l oolazwl b o laws oyl o S
g S OWl sl a5 a8l caws azS oyl
Sl yuxio gy Ve olal b Sy o o5 QV/YO
L e o Gl ol 50 (Y4 Y0) o, g Namazi
Oy &S 30ls lid INVEST Jawe 51 solasl
R B g s e R e

et 5 Sl G5Shs )5 4 bgyje ] 50

So b Ol S0k Cwad nl ol (b
Sl Bis g ogm,y JEEI palS s jlalpis
Gwal et al.,) cwl il 3 Jolge plpy 0 S
LS Giedgy 36 (o2l (6 )8 Dy (2024
& siin alse on et 5l (oenl8l Sllug
Sl bl g S le 0 i oo
Ngboo e mhe o9 ol bocsw,
L obe onl Julos (Talebikhiavi et al., 2017)
Gblie Lol Sl ¢ jgmeery S (sl Jota 5l oolical
Sl @byl g e slavsg, Jlo (Gl
Gblie lolis o5l o ool 1, o e S
Olyeds Wl oo Qo Sl (g palS L
S5y B bl slagi jadly @l adsl Jlaia
S5 5 sloy @lyss o)y (Roba et al., 2021)
O oz OOl (e 4 e e ()
slr ol g 008 SweS ptucnsST L
2l 2 (ooitapnsST Slods 5 (S SlaS S e
3 S opl petee b5l ey ol 5l Slees
Cupde slp S )lnl wilize Gl sleoygs
olez SlapisS] 55l Cosii 5 ek

(Turner et al., 2022) 545 co o guuxo
Sy 9 S Jolod pogas )3 goanie slatagn
ookl b gw,y iy cadinmosST S
Lly ol e el a8)F &yee INVEST  Jow
S Jolse 3 plas (Y210) o], Ken 5 Hamel
Slod GLdgyl5 )0 Cgmy CBlgSS (giluand jo
oo eblB 5 03,5 (5 pme ol (Saisl 1, 15 5e]
Nogel dnl osls Cudsazs 399 L 1, INVEST
e > (Y-)V) Jebari 5 Bouguerra
o, Fe 3l G wigs RMel ailsog, slaass> 5
G o 5 0 5l e S céy e gl | bl
5 Ohsd eed SRl as s, I8 L o
Cerretelli .cuol 009 o] Lol cde «(55,5laS ool
e slaosls 5l eslizal g3l 5 (Y2 VA) o) San
gladlhie slagiloae ;5 Sl sbaosls gl
bl js (Y oKen 5 Bai wis,s oSG



O VE-0 bl pgo ol (il Jlos RVCA PPrysyes ol o pas

SBlaal Koo 51 NS 50 sls puiie o e (ol
D950 Jleday Giao ol

g, g olge

axdlbne 5 590 il

L oohaisle gl o VB ol ol> eyl 5o
yol aslllas sl e gk VYo e b ool
YOI YY" Luly o> j0 el ol cwl sos ol
L YO° FF YY" o 5,0 Jsb OO YV YE" L AY©
055 als, Jlods aials jo 5 Jlois 5,e ¥£2 VA"V
e YAAY B YVF i) L 5l 5 onds dly 5,01
Cewl Sl hae Al ggi 5l ddlaie o 8l sl ynie
Dok yodess well 32 05 )legs (ganadl ululn oS
A b el g )b el 09l ge Dguame
ol &30y, opSeie HYB ailsog, (et al., 2025
Siopce L5 by a ol i) 4 s cul
Y6 sl o)) 60,5 (Solaimani et al., 2021)
€ el ipslsS SRz s 659lsS Jols i
Szl (Zabihi et al., 2020) ¢l 5,0 g9
ol 0oy B G palS 090 5l dilaie (cwlidps
b 50,65 0ux 9 bl Cuz g 05d 0 Jolo |,
ol dlge Ll oy Jleim Brbogi> Lo
2B 5 ole (et b ol yon Kiwanls Biras dilaie
S b Lrsgie 2l b oS5 g 009 Sal Kins
wed oo (JSas ) bagie spdidsd
b Sy op! &5 (Vahabzadeh & Ahmadi, 2022)
sl )0 6518 Cgmy Gline 5 S ol p Do
s (Ashtari & Nosrati, 2024) wiis 135,506
Shaisle il jo 1) anllas 550 dilaie Coxdse )

il il el oL sy 2alS 5 55
2970 el 009y ddlate (B8 9 (35 pe (g 0 S
31eolasl a5 wes o lid ead plal Slalllas
oloj 5 e glasSIl oo gl INVEST o
Sloas Lozl 50 gy CllagS g S iole
gy g Hollom slagiagy o pesS]
2l 68 Olpess (Oldllas ol jo ol o plS
2 Py Bl Gaipee Olpiear LS Adg
3 e soodls (28 5 g (B s, b
S3a ey cwload o ST gile Jae cds il
(Olpl o ead plxl sl imgly Htm 45 ol
) oy Sl gotnsST a2
shaslesls j18 cwy 0,90 grlaie b L] & jg0ay
o3 <) Jla insS Shlie 55 %05 55m
S5 a5 b o IS e sle i 4l o
wSll ol SloptawsST 5 ooz (ool
SN S 5 Sley Dlpts Jolo st o
Sl Ssls e Sleas 5l (S plsiear wsm,
oghie iy el Jaalr glaalllae g axg aiesls
sy, &5 ax e o5, L Sllllae el
ColgS g oy (S ole B Ol s Soweadds
03,5 (gm0 ) pt rmesS | Dlodd gyl )3 1) g,
5 Sl s 5 SalsS Jale oloa Jols
Gosyd o> |3 arg oy5e |, SlunsS bl
Jdow Gua b ol iagh dbwly en ol
Mg 9 SOl S 28 0 Sk g Sbey 2l
otrgS] Sleas Juo 5l 6xSone b oo,
glaihie o als YO oy K b INVEST
o sl oy b o 55le oyl 51 olinsS
5 SOl S 2808 p She Jelse Conles
ssbieds eSde Jaw Cszylr 0 Cgw) oy



(sommsST Bloas Jaw gzl 0 Cgay adgi 5 CllgSS W SB 2d) jue S Gl ol oy

alywisle sl g ol ! 5o GFldlae ddlice o LSl > CaBgo —) S
Figure 1- Geographic location of the study area in Iran and Mazandaran Province
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