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Extended abstract

Introduction

The country's watersheds are dynamic ecosystems whose health has been affected by civil, economic, and
social developments. This is while, in the current situation, in addition to human and management factors,
climate change has also had undesirable consequences in these areas. The decline in the health of the
country's watersheds, on the one hand, has made it difficult to provide ecosystem services in these areas,
and on the other hand, has led to the emergence of various environmental hazards such as desertification
and land degradation, land subsidence, floods, landslides, and dust phenomena. In this regard, the
country's Natural Resources and Watershed Management Organization implements a variety of
biological, mechanical, biomechanical, and management measures to conserve water and soil and control
floods in its watersheds. This is despite the fact that these measures are mostly reactive (therapeutic) and
less attention has been paid to their preventive aspects. Accordingly, this study aims to identify and
prioritize reactive and proactive solutions to improve the health state of the Kal-Aji watershed based on
the DPSIR framework and non-parametric statistical tests.

Materials and methods

In the first stage, the drivers and pressures resulting in the health status of the Kal-Aji watershed and the
related impacts were identified through a literature review, a visit to the watershed, interviews with
experts from the departments of natural resources, environment, regional water, the Agricultural Jihad,
the Agricultural and Natural Resources Engineering Organization of Golestan, faculty members of
academic and research centers, and interviews with local communities. Then, a working group consisting
of 26 stakeholders, local knowledgeable individuals, and experts knowledgeable about the issues and
problems of the watershed began to determine solutions to improve the health of the Kal-Aji watershed
and eliminate or modify the related adverse impacts. In the last stage, after forming the DPSIR table and
identifying the various components, the importance of each of the variables categorized under the five
DPSIR components was prioritized and determined. For this purpose, a Likert-scale questionnaire was
used as a measurement tool. In this study, each variable was considered as an item, and the validity of the
questionnaire was finally confirmed based on the opinions of experts. Also, Cronbach's alpha method was
used to calculate the reliability of the measurement tool.

Results and discussion

In this study, eight drivers and 16 subsequent pressures were identified in creating six variables related to
the health state component of the Kal-Aji watershed. In addition, seven variables related to the adverse
impacts of the current watershed health state and 28 responses to improve the watershed health state were
identified and introduced. The results show that D1 and D8 have the minimum and maximum links in
creating subsequent pressures, respectively. Also, D5 with 8 links is the second driver with the maximum
connections with the pressure component. In this study, the responses identified as resolving the problems
listed under the four components of driver-pressure-state-impact are one of the following three: (1) a
specific response to a specific problem, (2) a multi-objective response that resolves more than one
problem, and (3) the existence of different responses for a specific problem. Accordingly, of the total
responses, 35.7 percent (10), 46.4 percent (13), 14.3 percent (4), and 25.0 percent (7) are related to the
components of driver, pressure, state, and impact, respectively. Considering the calculated values above
0.7 of Cronbach's alpha, all questionnaires have acceptable reliability (P and R) and goodness (D, S, and
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I) in this study. There is also a significant difference between the types of variables identified under the
components of the DPSIR framework. The results showed that D5, D8, and D3, in order of importance,
have been assigned the first three priorities from the experts' perspective. The results also showed that P1,
P11, P6, and P3, respectively, have been assigned the top five priorities of pressures. These pressures are
among the common pressures in the country's watersheds. In this study, S2 was prioritized as the most
important indicator of the health status of the watershed. Consistent with the results of other studies, in
addition to applying reactive water and soil conservation responses in watershed management to improve
directly the state, it is necessary to pay attention to proactive responses that eliminate the various drivers
and pressures identified as a result of the current state of the watershed's erosion and sediment production
potential. Also, S3 and S1 were prioritized in the next order of importance. The ranking of the
consequences resulting from the current state of watershed health showed that 13, 11, and 12 were
assigned the first to third priority, respectively. Also, prioritizing the importance of various reactive and
preventive responses showed that R20, R4, R6, R17, and R9, respectively, have been assigned the top
five priorities in eliminating or modifying drivers and pressures, improving the health state of the Kal-Aji
watershed, and eliminating or modifying the adverse impacts of its health state. In this regard, R4, R6,
R17, and R9 are among the common responses considered in other studies conducted in other watersheds
of the country.

Conclusions

In this study, the importance of various drivers and pressures resulting in the current state of watershed
health and its subsequent impacts were identified and prioritized. Also, types of reactive and proactive
responses to improve the watershed health and eliminate or reduce the associated adverse impacts were
identified and prioritized. The results of the Friedman test indicated the presence of a significant
difference between the importance of the types of variables identified under the DPSIR framework
components. Accordingly, D5, P1, S2, and I3 were prioritized as the most important drivers, pressures,
states, and impacts, respectively. Also, R20, R4, and R6 were assigned the first three priorities of
responses, respectively. In this regard, it is strongly recommended to pay attention to (1) all solutions to
address the problems identified under the components of the DPSIR framework, (2) the role of various
stakeholders in the basin in the planning process to improve watershed health and reduce related risks, (3)
the development of action plans related to the responses, and (4) the development of decision support
systems and related databases.
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Fig. 1. The DPSIR framework components and related links (EEA, 1995)
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Table 1. Structure of the DPSIR framework components for improving the Kal-Aji watershed health and reducing associated

adverse impacts

Driver Pressure State Impact

Response

Inefficiency

of the Overstocking (P1)

Equal time of

gséacll:fﬁ/é concentration of adjacent
watershed sub—_wa_tersheds (P2)
management Unprincipled land use _
studies change (Ps) Loss of life and
instruction in High intensity of rainfall ) ) financial damage
formulating (Ps) High potential to ) to lands,
action plans Household was_te and prc_)duce floo_d (S1) mfrg_st_ructure,
(1) sewage production (Ps) ngh pot(_antlal of fac_lllt_les, and
Waterlshed Early and long-term soil erosion and buildings (1.)
population livestock grazing (Ps) sediment yield (S;) Problems in the
(D) Consumption of watershed Reduced soil field of health and
Inefficizent or resources _(P7)_ fertility (S;) ) sanitaFion (1)
unprincipled Traditional cultivation of Poor water quality Reducing food
land laws agricultqral products (Ps) in the watershed secu_rity (I3)
(D3) Uprooting of bushes in ) (Ss) Reducmg forage
Povert; (D) rangelands (P) Environmental production and
Developme;t Construction of numerous pollutio_n_ (Ss) grazing capacity of
policies in rural roads in the Poor cpndltlon and rangelaan (1y)
the watershed (P1o) negative trend of Reducing
agricultural Plowing in the direction of rangelfir!d in the residents' income
and ranching the slope (P11) Artemisia + Poa (Is)
sectors (Ds) Extensive land grabbing (Ar_+Po) Increasing
UnprincipIZd (P12) ) veget_atlon type, migration from
civil Dependence of livestock especially on the rural to urban
measures on rangeland fodder (P13) southern slopes areas (I)
(Do) Unprincipled road (Se) Reducing the
Clin16ate construction (P14) useful life of the
change (Ds) Lack of awareness among dam (1)
Weakness ;n fa_rm_erls ab(;l:(t the_ cor(r;ct)
principles of farming (P1s
mana;%i'ment Excessive use of chemical

- fertilizers and pesticides
organization
(D) (P1o

Amending the detailed - executive
watershed management studies
instruction based on assessing the
impacts of proposed action plans (R;)
Reviewing population growth policies
(Ro)

Amending laws and regulations related to
land affairs (Rs)

Assessing ecological potential and
considering land use planning (Rs)
Developing poverty alleviation policies
(Rs)

Developing alternative livelihoods (Re)
Strengthening the Natural Resources
Protection Unit (R7)
Formulating or amending construction
operation guidelines based on soil and
water conservation (Rs)
Implementing all natural resource plans
based on the integrated watershed
management approach (Ro)
Establishing an integrated watershed
management coordination working group
(R1o)

Rangeland survey and reviewing grazing
permissions in customary systems (Ri;)
Soil and water conservation and flood
control practices (Ri2)

Culture building to reduce watershed
hazards (R13)

Culture building to optimize the use of
watershed resources (R14)
Development of waste collection and
disposal system and domestic wastewater
treatment (Rys)
Development of storage centers for
auxiliary forage purchased during the
harvest season (Rie)

Grazing management (Ri7)
Physical and technical protection of the
watershed (Rys)

Education and extension in agriculture
and rangeland management (Rig)
Relocation of rural settlements at risk of
landslides (Ro)
Implementation of cadastre (R1)
Development of rainwater harvesting
systems (Rz,)
Development of water treatment plants in
the watershed (R;3)
Implementation of rangeland
management plans (Rz4)
Development of insurance services in the
watershed (Rzs)

Support packages (Rzs)

Import of food (Rz7)

Dam dredging operations (Rs)
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Fig. 3. Causal links among components of the DPSIR framework in the Kal-Aji Watershed
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Table 2. Reactive and proactive responses identified by the DPSIR framework for improving the Kal-Aji watershed health and

reducing associated adverse impacts

Related Related
Response - Response -
items items
Amending the detailed - executive watershed Development of waste collection and disposal
management studies instruction based on assessing D, system and domestic wastewater treatment Ps
the impacts of proposed action plans (R;) (Ris)
Development of storage centers for auxiliary P, P. P
Reviewing population growth policies (R,) D, forage purchased during the harvest season b IG’ 18
(Rus) !
Amending laws and regulations related to land .
affairs (Rs) D; Grazing management (R17) P, Ps
Assessing ecological potential and considering D3, Ds, Ds, Physical and technical protection of the Py, Ps, Pg,
land use planning (Rs) Ps watershed (Rys) P10, P12
. . .. Education and extension in agriculture and P1, Ps, Pg,
Developing poverty alleviation policies (Rs) Dy rangeland management (R;o) Pur Pres Pis
. L D,, Ds, Py, Relocation of rural settlements at risk of
Developing alternative livelihoods (Re) Is, Is landslides (Rz) Ps
Strengthening the NS;l;treleR)esources Protection Ds Implementation of cadastre (Ry:) Poy
7
Formulating or amending construction operation Development of rainwater harvesting svstems
guidelines based on soil and water conservation Ds P gsy S
(Ro) Ra)
Implementing all natural resource plans based on .
the integrated watershed management approach Dg Development of watetr] t(rjeatment plants in the S4, Ss
(Ry) watershed (Rys)
Establishing an integrated watershed management D Implementation of rangeland management S1, Sz, Ss,
coordination working group (R1o) 8 plans (Rz4) S4, Se, la
Rangeland survey and reviewing grazing Development of insurance services in the
S . Py Iy, 12
permissions in customary systems (Ry;) watershed (Rzs)
f : P2, P1g, P1a,
Soil and water conservation and flood control S.S, Ss, Support packages (Ras) I
practices (Ri2) S, S
4, 96
P1, Ps, Ps,
Culture building to reduce watershed hazards (R13) Ps, Pg, P10, Import of food (R27) I3
P141 P16
Culture building to optimize the use of watershed Ps, Ps, P7, . .
resources (Rys) Pe Dam dredging operations (Rzs) I7
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Table 2. Statistics for measuring the reliability of questionnaires for different components of the DPSIR framework

Row Component Number of items Cronbach's Alpha Reliability
1 Driver 8 0.897 Good
2 Pressure 16 0.774 Acceptable
3 State 6 0.828 Good
4 Impact 7 0.860 Good
5 Response 28 0.754 Acceptable

OB 55 o8 JIDPSIR (slaadlge cilisee glayuite sl (rods 2 (y305] sloolol —F Jguzr

Table 4. Friedman's test statistics for different items of the DPSIR components from the viewpoint of experts

. Degree
Number of Chi- Asymp.
Component Item, Mean rank questionnaires  Square . of S);g.p
reedom
. D4, 1.96; Dy, 3.11; D3, 5.43; D4, 4.25; Ds, 6.68; D, 3.64; D7,
Driver 5.04: Dy, 5.89 62.793 7
P1, 13.71; Py, 3.21; P3, 11.00; Py, 10.29; Ps, 8.61; Pg, 12.25; P4,
Pressure 5.79; Pg, 5.61; Py, 4.68; Py, 7.79; P11, 13.18; P15, 11.75; P13, 7.46; 139.126 15
P14, 646, P15, 532, PIG, 8.89
State S1, 3.89; S, 4.68; S, 4.25; Sy, 1.89; S5, 3.32; S, 2.96 26 38.191 5 0.000
Impact 13, 5.29; 1,, 4.61; 13, 5.89; 1,4, 3.32; |5, 3.89; Ig, 2.93; 14, 2.07 52.638 6 '
R1, 6.93; Ry, 12.00; R3, 19.21; Ry, 23.75; Rs, 16.61; R, 23.64;
R;, 12.61; Rg, 8.00; Ry, 22.54; Ry, 20.50; Ry, 11.00; Ry, 20.68;
Response Ris, 16.89; R4, 10.39; Rys, 14.68; Ry6, 9.07; Ry7, 22.79; Ry, 291.896 27

2168, Rig, 1611, Ry, 2443, Ry, 1846, Ry, 614, Ry3, 618, R4,
13.39; Rys, 9.43; Ry, 7.68; Ry7, 5.54; Ryg, 5.68
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Fig. 4. Prioritizing the different items of the DPSIR framework components based on the mean rank indicator obtained from the
Friedman test from the viewpoint of experts (a: Driver, b: Pressure, c: State, d: Impact, and e: Response)
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