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Extended abstract

Introduction

In integrated watershed management, assessing the status and dynamics of watershed health is essential as
a fundamental tool for identifying and implementing effective management responses. Diagnosing the
issues affecting water and soil resources, along with identifying the causes of various problems in
watersheds, constitutes a critical step toward sustainable natural resource management. This understanding
not only enables the analysis of threatening factors but also provides a basis for identifying appropriate
solutions to protect and restore watershed resources. The DPSIR framework (Drivers, Pressures, State,
Impact, and Response) serves as a comprehensive analytical model, capable of explaining the causal
relationships among various factors and effectively evaluating watershed health. The aim of this research
is to use the DPSIR framework for a comprehensive analysis of watershed health status and to identify key
factors contributing to its decline, with a focus on the watershed area draining to the llam Dam, in order to
propose effective and sustainable management solutions.

Materials and methods

To accurately identify the factors related to each component of the DPSIR framework, a systematic review
of the literature and previous studies was conducted through library research to gather theoretical
background and scientific resources. Field visits to the watershed were then undertaken to assess the current
conditions and directly observe the natural and human factors affecting the region. Additionally,
brainstorming sessions and semi-structured interviews with experts and local stakeholders, including
residents of the watershed area, were carried out to collect comprehensive information on the issues and
influencing factors. Based on the preliminary findings, a questionnaire was designed and its validity was
confirmed by a panel of experts. Cronbach's alpha was used to measure reliability, and the results indicated
an acceptable level of reliability. The survey, using a Likert scale, was administered to 20 experts and 20
local residents of the watershed. To analyze the data and prioritize factors from the participants'
perspectives, Friedman’s test was used to determine the relative importance of each factor within the DPSIR
framework.

Results and discussion

The findings show that in the studied watershed, five driving forces have led to 34 distinct pressures on
watershed resources, which in turn have caused 11 unfavorable states. These states have also resulted in 20
unintended impacts. Additionally, 32 management responses were proposed to improve the current
situation. The relationships among the factors within each of the main components of the DPSIR framework
were examined and prioritized based on the views of both experts and stakeholders. According to the
results, the alignment of shared priorities within the top 40% of the most important factors was as follows:
50% for driving forces, 69% for pressures, 80% for states, 75% for impacts, and 84% for responses.
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Conclusions

Planning and policymaking aimed at achieving sustainable economic, social, and environmental
development require access to accurate and comprehensive information about the conditions and dynamics
of watersheds. The results of this study indicate that identifying and implementing appropriate management
strategies can play a decisive role in improving the health of natural resources and watershed ecosystems.
This research was conducted with the aim of identifying and prioritizing management responses to improve
the environmental conditions of the study area. The analyses, carried out using the DPSIR approach as an
effective cause—effect analytical framework, provided valuable tools for identifying the main problems and
challenges of the watershed. Moreover, the study identified the key factors and pressures impacting natural
resources. Therefore, the proposed management responses can serve as practical solutions for improving
current conditions and preventing future problems in the sustainable management of natural resources and
ecosystems in the targeted area. These management responses play a significant role not only from a
scientific perspective but also in the practical implementation of comprehensive watershed management
programs, offering actionable guidance for decision-makers to enhance the state of natural resources and
ecosystems.
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Table 1. Components of DPSIR approach to improve watershed health of llam dam

Driving forces

D)

High population growth (D1)- Climate change (D2)- Development of roads and settlements (D3)-
Livestock farming Development (D4)- Agricultural Development (D5)

Pressures

P

Increased demand for cultivation (P1)- Encroachment on natural resource boundaries (P2)- Land
degradation and land-use change (P3)- Encroachment on river boundaries (P4)- Wood collection for fuel
(P5)- Production of sewage and waste (P6)- Local economies’ dependency on water and natural resources
(P7)- Use of watershed resources (P8)- lllegal logging for charcoal production (P9)- Unemployment (P10)-
Decrease in rainfall (P11)- High Evaporation (P12)- Change in precipitation type (P13)- Drought (P14)-
Temperature change (P15)- Excavation and embankment (P16)-Dumping of construction debris along roads
(P17)- Expansion of gas and electricity transmission lines (P18)- Increase in residential areas (P19)- Excess
livestock in the basin (P20)- Overgrazing (P21)- Trees’ Branch cutting (P22)- Grazing in forests (P23)- Soil
compaction and densification (P24)- Overexploitation of vegetation (P25)- Consumption of inputs (P26)-
Use of pesticides and fertilizers (P27)- Excessive water withdrawal (P28)- Tree cutting (P29)- Fire incidents
(P30)- Non-compliance with optimal cropping patterns (water-intensive crops) (P31)- Plowing along the
slope direction (P32)- Cultivation on steep, unsuitable lands (P33)- Unprincipled land-use change (P34)

State
S

Environmental transformation or damage (S1)- A reduction in biodiversity (S2)- Decrease in vegetation
cover (S3)- Disruptions in river regimes (S4)- Decline in surface and groundwater levels (S5)- increased
pollution of surface waters (S6)- drying of springs (S7)- increase in flood susceptibility (S8)- Lower
reservoir levels (S9)- Intensified soil erosion (S10)- and Deteriorating of soil quality (S11)

Impact

M

Decrease in habitat quality and aesthetics (I11)- Reduction in rangeland grazing capacity (12)- Decline in
forage production (13)- Decrease in vegetation diversity (14)- Reduction in vegetation canopy cover
percentage (I5)- Loss of natural resources (16)- Decrease in crop yield (17)- Decline in crop quality (18)-
Reduction in tourism capacities (19)- Decrease in local participation in area management (110)- Decline in
public trust (111)- Reduced productivity and capital loss (112)- Decrease in household income (I13)-
Increase in living costs (114)- Health impacts and diseases (115)- Migration of local residents to other areas
(116)- Reduction in dam lifespan (117)- Increase in flood damage (118)- Sediment production and loss of
soil fertility (119)- Decrease in soil organic matter and biodiversity (120)

Responses
R

Quantitative and qualitative assessment of water resources (R1)- Waste and household sewage management
(R2)- Capacity building and awareness about the importance of natural resources and integrated watershed
management (R3)- Increasing the number of forest rangers and developing a physical protection plan (R4)-
Increasing forest cover and restoring vegetation through management, biological, mechanical, and
biomechanical actions (R5)-Implementation of soil and water conservation measures (R6)- Flood risk
control and reduction methods (R7)- Creating alternative jobs and livelihoods (e.g., handicrafts, beekeeping,
tourism) (R8)- Organization and regulation of river boundaries (R9)- Carbon sequestration actions (R10)-
Public participation in watershed management (R11)- Coordination among various organizations in
integrated watershed management (R12)- Adopting management strategies to prevent the increase in
degradation (R13)- Utilizing NGOs and establishing non-governmental organizations based on watershed
management programs and objectives (R14)- Modifying and shifting crop patterns toward low-water-use
crops according to climatic conditions (R15)- Formulating and implementing updated and effective policies
and regulations (R16)- Using indigenous knowledge approaches of communities (R17)- Providing insurance
services (R18)- Offering facilities and support packages (R19)- Reviewing grazing permits (R20)-
Removing livestock from forests (R21)- Managing and setting grazing capacities to reduce ecosystem
degradation (R22)- Designing a drought monitoring and warning system (R23)- Promoting the culture of
optimal water and natural resource consumption (R24)- Improving soil physical structure with suitable
agricultural tools (R25)- Development planning based on regional capacities (R26)- Supervision of road
construction activities (R27)- Increasing adaptability to new climatic conditions and drought (R28)-
Assessing ecological capacity and the land’s ecological potential (R29)- Implementing agricultural
productivity improvement projects (R30)- Training and promoting agricultural practices (R31)- Executing
all natural resource projects within programs derived from the integrated watershed management approach
(R32)

Olwiizsul g (el I8 09 ) 50 (L1l slaa S Flis S T lade Y Jguxr

Table 2. Cronbach's Alpha Value for Selected Items between Experts and Watershed Residents

Component

Number of Cronbach's alpha value (according to the Cronbach's alpha value (according to
items opinions of watershed residents) the opinions of experts)

Driving forces
Pressures
State
Impact
Responses

5 0.72 0.71
34 0.937 0.92
11 0.867 0.892
20 0.939 0.902
32 0.897 0.974
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Table 3. Relationships between DPSIR Approach Components in the llam Dam Watershed
2r|V|ng Relevant Pressures State Relevant impacts
orces Relevant states
(D) pressures P) S)
P1 S1, S2, S5, S7, S9, S11
11, 12, 13, 14, 15, 16, 17, 18,
P2 S1, 82, S8, S8, S10, S11 19, 112, 113, 114, 115, 116,
P1, P2, P3, P3 S1, S2, S3, S4, S5, S6, S7, S8, S10, S11 s1 117, 118, 119, 120
D1 P4, P5, P6, P4 S1, S5, S6, S8, S10
P7, P8, P9, P5 S1, S2, S3, S4, S5, S7, S8, S10, S11 S2 11, 12, 13, 14, 15, 16, 113,
P10 P6 S1, S2, S3, S6, S11 114, 115, 116,
12, 13, 14, 15, 16, 17, 18, 112,
P7 S1, S2, S3, S6, S7, S8, S9, S10, S11 S3 113, 114, 115, 116, 117, 118,
119, 120
P8 S1, S2, S3, S4, S5, S6, S7, S8, S10, S11
P9 S1, S2, S3, S5, S7, S8, S10, S11 S4 1113, 118 119
P11, P12
! ! P10 S1, S2, S3, S5, S6, S7, S8, S11
p2 P3R4 P11 S1, 2, 53, 54, S5, 56, 57, 89, ss 0[50 10 1L 12
P12 S1, S2, S3, S5, S7, S9, S10 T '
P13 S1, S2, S5, S6, S8, S10 116, 17, 18, 19, 110, 111, 112,
P14 S1,S2, S3, S4, S5, S6, 57, S8, S9, S10 o He s ||11%, oo
P15 S1, S2, S4, S5, S9
P16 S1, 52, 56, S8, S10 St e B I I 12
D3 P16, P17, P17 S1, S2, S6, e
P18, P19 P18 S1, S6, S10 s L 16,17,18,110, 111, 112,
P19 S1, S2, S8 113, 114, 115, 116, 117, 118,
P20 S1, S2, S3, S10 119
P21 S1, S2, S3, S9, S10
p22 S1, S2, S3, S8, S10, S11 S9 11, 17,18, 19, 110, 111, 112,
P20, P21, R 113, 114, 115, 116
P22, P23, P23 S1, S3, S5, S8, S10 e '
D4 P24, P25
I:;26 ! P24 S1, S3, S5, S8, S10, S11 10 16, 17, 18, 110, 111, 112,
P25 S1, S2, S3, S8, S10, S11 113, 114, 115, 116, 117, 118,
P26 S1, S2, S3 119, 120
P27 S1, S2, S6, S8, S11
P28 S4, S5, S6, S7, S9
P27, P28, P29 S1, S2, S3, S8, S10
D5 P29, P30, P30 S1, S2, S3, S6, S10, S11 112, 13, 14, 15, 16, 17, 18,
P31, P32, P31 S5, S7 s11 110, 111, 112, 113, 114, 115,
P33, P34, P32 S6, S8, S10, S11 116, 119, 120
P33 S1, S6, S8, S10, S11
P34 S1, S2, S3, S4, S5, S6, S7, S8, S10, S11
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Table 4. Proposed Responses for Improving the Health of the llam Dam Watershed

Responses Relevant components Responses Relevant components

R1 D5, P7, P28, P31, S5, S6, S7, 115 R17 16
R2 P6, S1, S6, 115 R18 113
R3 D4, D5, P2, P3, P4, P5, P6, P9, P17, P23, P25, R19 110, 111, 113, 114

P27, P28, P29, P30, P31, P32, P33, P34, S1, S2,

S3
R4 P2, P3, P5, P9, P21, P22, P23, P25, P29, P34, R20 P20, P21, P22, P23, P24, S1, S2,
S1,11, 15, 16 S3,12, 13, 14, 15, 120

R5 D2, P7, P8, P10, P12, P20, S1, S2, S3, S10, S11, R21 P22, P23, P24, P25, S1, 11, 15

11,12, 13, 14, 15, 16, 17, 18, 19, 112, 113, 114, 118,

119, 120
R6 P8, P28, S1, S3, S5, S6, S7, S9, S10, S11, 11, 12, R22 P20, P21, P22, P23, P24 P25, S1,
13, 14, 16, 112, 113, 115, 117, 119, 120 S2,S3,11, 13, 14, 15, 16
R7 S1, S5, §7, S8, S10, 11, 112, 117, 118, 119 R23 P14, P31, 112
R8 D1, D5, P1, P7, P8, P9, P10, P20, P21, P22, P23, R24 P2, P3, P4, P8, P9, P28, P31, P32,
P25, P26, P28, S5, S6, S9, 113, 116 P33, P34

R9 P4, 54, S8, 117, 118 R25 P27, S11, 120
R10 D2, S1, S3, S6, S10, 12, 13 R26 D4, D5, P7, P8, P10, 113, 114
R11 P3, P14, P32, P33, P34, S1, 16, 110, 111 R27 D3, P16, P17, P18, S1, 119
R12 D3, D4, D5, 16, 110, 111 R28 P28, P31, 112
R13 P3, P5, P8, P9, P10, P18, P19, P26, P27, P28, R29 P1, P3, P25, P27, P28, P33, P34,

P29, P30, P31, P32, P33, P34, S1, S8, S10, S11, S1

11, 16, 19, 118, 119, 120

R14 P10, S1, 11, 16, 19, 110, 113, 114, 115 R30 17,18, 112, 113, 114
R15 D5, P28, P31, S5, 17, 18 R31 D5, 17, 18
R16 D3, P2, P3, P4, P9, P16, P17, P20, P21, P25, R32 S1,13, 14, 15, 16, 117, 118, 119, 120

P28, P29, P30, P31, P32, P33, P34, S1, 11, 16
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Table 5. Ranking of Driving Force Component Items in the Ilam Dam Watershed from the Perspective of Experts and Watershed

Residents
Experts Watershed Residents
Items Mean rank Overall rank Items Average rank Overall rank
D5 3.53 1 D5 3.93 1
D4 3.18 2 D2 3.30 2
D2 3.05 3 D1 2.85 3
D3 2.65 4 D3 2.5 4
DI 2.60 5 D4 2.43 5
Number of Number of
. . 20 . - 20
questionnaires questionnaires
Chi-square 6.52 Chi-square 15.11
egree of freedom 4 egree of freedom 4
Asymp.Sig 0.01 Asymp.Sig 0.004
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Table 6. Ranking of Pressure Component Items in the Ilam Dam Watershed from the Perspective of Experts and Watershed

Residents
Experts Watershed Residents

Ttems Mean Overall Ttems Mean Overall Ttems Mean Overall Ttems Mean Overall
rank rank rank rank rank rank rank rank
P2 23.45 1 P19 17.70 18 P14 24.13 1 P7 16.74 18
P3 23.43 2 P4 17.70 19 P28 23.84 2 P6 16.71 19
P7 23.28 3 P23 16.95 20 P11 23.84 3 P22 16.5 20
P29 22.65 4 P25 16.23 21 P3 22.79 4 P8 16.53 21
P14 22.43 5 P24 15.95 22 P34 22.68 5 P4 16.42 22
P28 22.20 6 P15 15.78 23 P29 21.45 6 P10 16.42 23
P32 21.95 7 P27 15.75 24 P21 21.42 7 P12 16.00 24
P21 21.85 8 P13 15.38 25 P23 21.43 8 P20 15.50 25
P31 21.85 9 P9 15.35 26 P33 19.76 9 P19 15.29 26
P33 21.40 10 P5 13.50 27 P31 19.47 10 P30 15.29 27
P34 21.35 11 P6 13.15 28 P13 19.39 11 P27 15.13 28
P20 21.23 12 P30 13.00 29 P2 19.24 12 P26 13.95 29
P10 20.83 13 P12 11.18 30 P25 19.05 13 P9 13.68 30
P11 20.78 14 P26 9.95 31 P32 18.87 14 P5 12.29 31
P8 17.93 15 P17 8.93 32 P24 18.84 15 P16 11.11 32
P22 17.85 16 P16 8.70 33 P1 18.24 16 P18 8.03 33
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Table 6. Continued
Mean Overall Mean Overall Mean Overall Mean Overall
Items Items Items Items
rank rank rank rank rank rank rank rank
P1 17.73 17 P18 8.05 34 P15 17.74 17 P17 7.97 34
Number of questionnaires 20 Number of questionnaires 20
Chi-square 168.79 Chi-square 129.47
Chi-square 33 Chi-square 33
Asymp.Sig 0.000 Asymp.Sig 0.000
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Table 7. Ranking of State Component Items in the Ilam Dam Watershed from the Perspective of Experts and Watershed Residents

Experts Watershed residents
Items Mean Overall Items Mean  Overall Items Mean  Overall ltems Mean  Overall
rank rank rank rank rank rank rank rank
S5 7.65 1 S4 5.48 7 S10 6.93 1 S2 5.95 7
S3 453 2 S9 5.33 8 S4 6.85 2 S1 5.90 8
S8 7.45 3 S1 5.23 9 S9 6.55 3 S8 5.23 9
S10 6.75 4 S11 4.78 10 S6 6.33 4 S11 5.13 10
S7 5.95 5 S2 4.15 11 S5 6.23 5 S7 4.73 11
S6 5.73 6 - - - S3 6.20 6 - - -
Number of questionnaires 20 Number of questionnaires 20
Chi-square 34.228 Chi-square 12.211
Degree of freedom 10 Degree of freedom 10
Chi-square 0.000 Chi-square 0.000
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Table 8. Ranking of Impact Component Items in the Ilam Dam Watershed from the perspective of experts and watershed residents

Experts Watershed Residents
Mean Overall Mean Overall Mean Overall Mean Overall
Items Items Items Items
rank rank rank rank rank rank rank rank
119 14.23 1 17 10.23 11 16 14.35 1 11 10.38 11
114 13.48 2 14 10.00 12 113 12.55 2 117 10.18 12
118 13.48 3 116 10.00 13 17 12.00 3 15 10.13 13
113 12.45 4 117 9.85 14 119 11.75 4 116 9.83 14
112 11.75 5 120 9.75 15 118 11.40 5 120 9.63 15
111 11.38 6 12 9.58 16 112 11.08 6 12 9.60 16
16 11.35 7 18 8.38 17 114 11.08 7 18 9.28 17
13 11.33 8 115 8.03 18 14 10.78 8 115 9.28 18
I5 10.75 9 11 7.90 19 110 10.58 9 111 8.98 19
110 10.55 10 19 5.63 20 13 10.45 10 19 6.75 20
Number of questionnaires 20 Number of questionnaires 20
Chi-square 60.577 Chi-square 37.405
Degree of freedom 19 Degree of freedom 19
Asymp.Sig 0.000 Asymp.Sig 0.007
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Table 9. Ranking of response component items in the llam Dam Watershed from the perspective of experts and watershed residents

Experts Watershed residents
items Mean Overall items Mean Overall items Mean Overall items Mean Overall
rank rank rank rank rank rank rank rank
R32 22.30 1 R22 16.35 17 R6 22.25 1 R13 16.50 17
R11 21.83 2 R23 15.98 18 RS 21.53 2 R14 15.25 18
R12 21.08 3 R10 15.88 19 R3 21.10 3 R4 15.10 19
RS 20.25 4 R16 15.80 20 R32 20.73 4 R17 14.85 20
R6 20.23 5 R4 15.70 21 RI12 20.65 5 R30 14.85 21
R15 20.20 6 R2 15.00 22 R1 19.83 6 R29 14.55 22
R3 19.98 7 R26 14.80 23 R2 18.65 7 R9 14.33 23
R7 19.78 8 R30 14.55 24 R8 18.35 8 R26 14.25 24
R1 19.60 9 R20 14.40 25 R24 18.30 9 R20 14.23 25
R9 18.45 10 R31 14.38 26 R7 18.13 10 R28 14.13 26
R13 19.03 11 R29 13.18 27 RI11 18.08 11 R23 13.83 27
R8 17.93 12 R27 11.68 28 R15 17.95 12 R25 13.40 28
R24 17.50 13 R21 11.18 29 R22 17.80 13 R19 12.73 29
R17 17.20 14 R25 10.80 30 R16 17.75 14 R27 12.35 30
R28 17.03 15 R18 10.38 31 R21 17.48 15 R18 11.50 31
R14 16.40 16 R19 10.23 32 R31 17.15 16 R10 10.48 32
Number of questionnaires 20 Number of questionnaires 20
Chi-square 106.779 Chi-square 94.197
Degree of freedom 31 Degree of freedom 31
Asymp.Sig 0.000 Asymp.Sig 0.000
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Table 10. Most important items among the top 40 percent of priorities from the perspective of experts and watershed residents

Driving forces

D)

Agriculture (D5)

Pressures

)

Encroachment on natural resource boundaries (P2)- Land degradation and land-use change (P3)- Drought
(P14)- Overgrazing (P21)- Excessive water withdrawal (P28)- Tree cutting (P29)- Non-compliance with
optimal cropping patterns (water-intensive crops) (P31)- Cultivation on steep, unsuitable lands (P33)-
Unprincipled land-use change (P34)

State
S

decrease in vegetation cover (S3)- decline in surface and groundwater levels (S5)- increased pollution of
surface waters (S6)- intensified water erosion (S10)-

Impact

U]

Loss of natural resources (16)- Reduced productivity and capital loss (112)- Decrease in household income
(113)- Increase in living costs (114)- Increase in flood damage (118)- Sediment production and loss of soil
fertility (119)

Responses
R

Quantitative and qualitative assessment of water resources (R1)- Capacity building and awareness about the
importance of natural resources and integrated watershed management (R3)- Increasing forest cover and
restoring vegetation through management, biological, mechanical, and biomechanical actions (R5)-
Implementation of soil and water conservation measures (R6)- Flood risk control and reduction methods
(R7)- Creating alternative jobs and livelihoods (e.g., handicrafts, beekeeping, tourism) (R8)- Public
participation in watershed management (R11)- Coordination among various organizations in integrated
watershed management (R12)- Modifying and shifting crop patterns toward low-water-use crops according
to climatic conditions (R15)- Promoting the culture of optimal water and natural resource consumption
(R24)- Executing all natural resource projects within programs derived from the integrated watershed

management approach (R32)
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