oyl o abie wlibios
Iran-Water Resources
Research

Identifying and Prioritizing Water Governance
Challenges in the NekaRud River Basin and
Eastern Mazandaran Plains: A DPSIR and

Water-Energy-Food Nexus Approach

H. Shakeri Rostami*’ and H. Zabardast Rostami?

Abstract

In recent years, the decline in quantity and quality of water resources
in Iran, particularly in the northern regions, has led to numerous
challenges in the governance and management of water. Despite its
vital role in national food security, Mazandaran Province is
experiencing a water imbalance and a significant drop in groundwater
levels. This study aimed to identify the key governance and
management challenges in the NekaRud River Basin and the eastern
plains of Mazandaran and to propose corrective strategies for
enhancing water sustainability in the region. The research employs
both desk-based and field-based methods, including semi-structured
interviews with 30 stakeholders and questionnaires distributed among
180 respondents. The results indicated that, from the stakeholders'
perspective, the most pressing issue is the depletion of water resources,
particularly the overextraction of groundwater. In addition, limited
knowledge and awareness regarding agricultural water management
have emerged as a major social factor contributing to the unsustainable
use of water. The observed divergence between experts and local
communities in prioritizing these challenges highlights the need to
integrate diverse perspectives into water-related decision-making and
planning. The findings suggest that improving water governance
requires a multidimensional approach that simultaneously addresses
social, technical, and institutional factors. Moreover, persistent
conflicts of interest among stakeholders, the lack of strong political
will, and the continuation of a development-driven water management
paradigm constitute serious barriers to effective governance in the
region. A transition toward strategic basin-level planning, centered on
integrated water resources management and active stakeholder
participation, is recommended. In addition, strengthening participatory
mechanisms to enhance policy legitimacy, revisiting energy subsidy
policies that encourage overexploitation, and adopting modermn
irrigation technologies are proposed as practical strategies for
improving water sector performance. These findings offer actionable
insights for policymakers aiming to design institutional and technical
interventions tailored to similar regions facing critical water
governance challenges.
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Fig. 1- Map of the study area
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Fig. 2- Changes in groundwater level in the study area
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Fig. 3- Flowchart of the research methodology
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Table 2- Power and interest of water governance Stakeholders in the NekaRud River Basin and the
Plains of Eastern Mazandaran
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Table 3- Examining the water, energy, and food nexus of the Nekarud River Basin using the DPSIR
conceptual framework

SREUSd 9 39,10 1l g 3 138 9 (g5 51 ol (yide SIDPSIR sogedo g2 )l Jlas! g (owy 2 =Y Jogia
Olyjle 3

Z
E Driving Forces Pressures State Impacts Responses
7]
Climate change, Increased water Increased Prohibition of water
Population growth, resource groundwater extraction from the plain
Household needs exploitation, depletion, by the regional water
and consumption Pressure to prevent Reduced river company,
patterns. program discharge and Implementation of
Regional implementation due premature drying of aquifer restoration and
development and to security and E seasonal rivers, balancing plans,
employment trends. _500131. < Declining water Execl}tlon of wgter
Q Mazandaran’s role considerations. f quality. scarcity adaptation
5 in national food Land—'use change, L Seawater intrusion _programs.
é security. Excesswe’b}lrden. on = into coastal zones.  Establishment of a‘water
= Lack of the electricity grid, 2 Local-scale resource protection
g coordination among Farmers engag'ing in by conflicts. council.
i executive bodies. second cropping. 2 Dissatisfaction and Surface water
S Insufficient public Increasing well b1 distrust between management through the
é awareness of depth and drilling g farmers and construction of
. 141 — .
o regional water addlt{onal wells, _g government Teservotrs..
& resources, Allocation of energy = agencies. Warnings regarding the
g Pricing policies subsidies to farmers, - Long-term negative impact of
disregard farmers’ Easy access to & ecosystem energy carriers on
concerns, electricity and other = instability. groundwater resources.
Allocation of energy carriers a Uncontrolled
responses:

energy subsidies to
farmers.
Easy access to
electricity and other
energy carriers.

Farmers engaging in
second cropping.
Increasing well depth
and drilling additional
wells.

Table 4- Reliability and significance level of the designed questionnaire
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Cronbach's Alpha Index
(Standardized)

P-Value

Significance Level

0.906

0.001

More than 99%
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Table 5- Reliability and prioritization of key issues in the NekaRud River Basin and Eastern Mazandaran

Plains

Ol B s 9 39,5 5 pl adgs ol OV ol (S pidny (gxiacuglyl 9 bl -0 Jgsa

Category

Indicators

Number

Indicators

Cronbach's
Alpha

Mean
Score

Priority

Water Quantity

Increased groundwater extraction through well drilling,
Increased unauthorized well drilling, and intensified river
and canal water abstraction.

0.726

4344

Climate Change

Decrease in precipitation levels, reduced well discharge,
and decrease in river water volume.

0.813

4.243

Technology

Lack of modern technologies in domestic and industrial
water use, Lack of modern technology in agriculture, Use
of outdated water and land management technologies, low

water-use efficiency on farms, and energy availability
facilitating excessive water exploitation.

0.772

4.127

Social Capacity
Building

Lack of sufficient training on agricultural water use and
management, lack of education on crop selection and its
impact on water resources, Lack of sufficient training on
potable water consumption, Insufficient awareness of
regional water resource conditions, neglect of women's and
households' role in water consumption, and Neglect of role
of religious beliefs in water consumption.

0.857

4.062

Development
and
Management

Lack of stakeholder consultation in decision-making and
planning, Ineffectiveness of deterrent laws in water-related
violations, Weak farmers’ oversight for crop selection, lack

of coordination among governmental and administrative

bodies, disproportionate penalties for water-related
offenses, and focus on agriculture-based employment.

0.786

4.060

Engineering

Aging and deteriorating urban and rural water supply
networks, Lack of dredging and maintenance of irrigation
canals and drainage systems, and Failure to restore and
maintain Qanats.

w

0.713

4.019

Economic

Challenges in the guaranteed purchase of agricultural
products, Prevalence of intermediaries in agricultural
product sales, inadequate insurance compensation for
damages to agricultural products, unfair pricing of
agricultural products, and the low cost of energy carriers
such as diesel and electricity.

0.735

3.790

Water Quality

Increased agricultural chemical runoff into canals and
rivers, declining groundwater quality, and seawater
intrusion into the groundwater.

3

0.638

3.769
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Table 6- Average opinions of experts and the local community of the region and differences in perspectives
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E " Local E " Local
Xperts Community E xperts Community E
= =g
Challenge E Challenge %
M SD M SD H M SD M SD 2
o o
Intensified river Ir;i)c(li(el?rf
and canal water 4.28 0.68 391 1.10 0.37 . 422 075 445 087 -0.24
. technology in
abstraction .
agriculture
Lack of
modern
Low water-use technologies in
efficiency on 425 088 393 097 0.32 S 422 071 448 083 -0.26
domestic and
farms . .
industrial water
use
Low cost of Prevalence of
energy Carmiers 3, o1 994 125 028 mermediaries go 600 443 117 032

such as diesel
and electricity

in agricultural

product sales
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Table 6 (Continued)- Average opinions of experts and the local community of the region and differences in
perspectives
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Local

Local

Experts Community E Experts Community E
= =
Challenge E Challenge g
M SD M SD 2 M SD M SD =
o (4]
Lack of
Increase in stakeholder
unauthorized ~ 4.66 055 450 086 0.16 Coziucllt:lt(‘)zn M 403 090 437 088 -0.34
well drilling .
making and
planning
lack of
Seawater education on
intrusioninto~~ 3.81 090 3.66 1.12  0.15 ;;‘;pif;}i:tfg 403 069 440 080 -0.37
the groundwater P
on water
resources
Increased Use of
groundwater outdated water
extraction 469 1.06 458 076 0.11 and land 4.03 074 443 083 -0.39
through well management
drilling technologies
Lack of
Decrease in sufficient
riverwater 428 081 420 105 008 UMMM 449 090 460 066 -0.42
volume agricultural
water use and
management
Decrease in Neglect of role
precipitation 434 065 427 096 007 ‘l’.f religions 597 109 342 131 045
levels eliefs in water
consumption
Lack of
dredging and
Reduced well maintenance of
. 425 088 423 096 0.02 irrigation 372 085 417 097 -045
discharge
& canals and
drainage
systems
inadequate
insurance Failure to
compensation 3 go 594 387 128  0.00 restoreand 56 398 131 047
for damages to maintain
agricultural Qanats
products
Aging and
Unfair pricing deteriorating
of agricultural ~ 3.81 090 387 1.18 -0.06 wurbanandrural 3.78 087 426 092 -047
products water supply
networks
Disproportionat challenges in
e penalties for the guaranteed
ater-related 378 1.07 387 1.11 -0.09 purchase of 372 0.85 420 1.05 -0.48
W offenses agricultural
products
. Increased
Decline in agricultural
groundwater 3.69 1.06 381 0.98 -0.12 chemical runoff 347 1.14 396 1.07 -0.49
quality into canals and

rivers
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Table 6 (Continued)- Average opinions of experts and the local community of the region and differences in
perspectives
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Experts Local . (=] Experts Local . =]
Community = Community =
Challenge E Challenge g
M SD M SD 2 M SD M SD 2
o (4]
Ineffectiveness Focus on
of deterrent laws agriculture-
. 397 1.00 4.11 1.00 -0.14 334 1.12 391 1.10 -0.56
in water-related based
violations employment
Insufficient
Weak oversight awareness of
of crop selection 4.03 090 4.17 1.03 -0.14  regional water 3.69 1.00 4.26 0.92 -0.57
by farmers resource
conditions
Lack of
coordination Lack of
among sufficient
governmental 4.09 0.89 424 096 -0.15 training on 375 1.11 435 085 -0.60
and potable water
administrative consumption
bodies
Availability of Neglect of
energy women's and
facilitating 338 1.04 354 114 -0.16 households' 328 1.17 394 1.02 -0.66
excessive water role in water
exploitation consumption
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Table 7- Prioritization of key challenges and problems in the NekaRud River Basin and Eastern

Mazandaran Plains

Oloile 5 SaCudd g 39,5 5o pl ddgs ol OUSLe 5 Ll utiCuglyl Y g

2 2
= = = =
S Challenges g a S Challenges g 9)
= > = =
- A
Increased groundwater Prevalence of intermediaries
1 extraction through well drilling 4556 079 18 in agricultural product sales 4.094 115
Lack of sufficient training on Lack of dredging and
2 agricultural water use and 4511 0.75 19 maintenance of irrigation 4.078 0.97
management canals and drainage systems
Increase in unauthorized well Lack of coordination among
3 e 4506 0.84 20 governmental and 4.061 1.00
drilling . . .
administrative bodies
Lack of modern technologies in Intensified river and canal
4 domestic and industrial water ~ 4.411 0.86 21 . 3.972  1.07
use water abstraction
5 Lack of mod;rn technology in 4406 085 22 Low water-use efficiency on 3967 0.93
agriculture farms
Lack of education on crop Inadequate insurance
6 selection and its impact on 4333 0.85 23 compensation for damagesto 3.883 1.13
water resources agricultural products
7 Use of outdated water anq land 4333 090 24 Unfair pricing of agricultural 3872 1.07
management technologies products
Lack of stakeholder Increased agricultural
8  consultation in decision-making 4.306 0.86 25  chemical runoff into canals ~ 3.839 1.10
and planning and rivers
9  Decrease in precipitation levels 4283 0.92 26 Disproportionate penalties 3833 1.24
for water-related offenses
10 Lack of sufficient training on 4244 093 27 Focus on agriculture-based 3817 1.06
potable water consumption employment
Neglect of women's and
11 Reduced well discharge 4228 0.94 28 households' role in water 3.811 1.07
consumption
12 Decrease in river water volume 4.217 099 29 Fallur.e to restore and 3.806 1.28
maintain Qanats
13 [Ineffectiveness of deterrent )56 96 30 Decline groundwater quality ~ 3.789  0.97
laws in water-related violations
Aging and deteriorating urban . Lo
14 and rural water supply 4172 093 31 Seawater intrusion into the 3.678 1.09
groundwater
networks
. Energy availability
15 Weak O.VHSIght of crop 4.139 1.01 32 facilitating excessive water ~ 3.517 1.12
selection by farmers .
exploitation
Insufficient awareness of Neglect of role of religious
16 regional water resource 4133 0.92 33 8 = glo! 3.339  1.29
. beliefs in water consumption
conditions
Challenges in the guaranteed Low cost of enerey carriers
17 purchase of agricultural 4128 098 34 W 24 2961 1.21

products

such as diesel and electricity
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Table 8- Integration of prioritization of key sectors and sub-sectors of water governance and management
challenges in the NekaRud River Basin and Eastern Mazandaran Plains

999,50 2yl adgn O Ca pite g (1 oS S (Sl yides 25 9 LIS (gaiaCaglyl (3306 -A oo
Olywisle Gy sCWd

b = = =
S5 Sect £5 Chall d1 S g
£ ector 2 2 allenges and Issues 2 7
A o
Increased groundwater extraction through well drilling 4.556 0.79
Wate}' 4344  Increased unauthorized well drilling 4.506 0.84
Quantity - - -
Intensified river and canal water abstraction 3972 1.07
. Decrease in precipitation levels 4283 0.92
2 g:‘:ﬂatz 4243  Reduced well discharge 4228 0.94
g Decrease in river water volume 4.217 0.99
3 Technol 4127 Lack of modern technologies in domestic and industrial wateruse 4.411 0.86
echnology ’ Lack of modern technology in agriculture 4.406 0.85
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Table 8 (Continued)- Integration of prioritization of key sectors and sub-sectors of water governance and
management challenges in the NekaRud River Basin and Eastern Mazandaran Plains
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=y =
:E Sector ‘5": 5 Challenges and Issues § %
£ @ = =
Use of outdated water and land management technologies 4333  0.90
3 Technology  4.127 |y water-use efficiency on farms 3.967 0.93
Energy availability facilitating excessive water exploitation 3517 1.12
Lack of sufficient training on agricultural water use and 4.511 (.75
management
lack of education on crop selection and its impact on water 4.333 (.85
Social resources
4 Capacity 4.062  Lack of sufficient training on potable water consumption 4244 0.93
Building Insufficient awareness of regional water resource conditions 4133 092
Neglect of women's and households' role in water consumption 3.811 1.07
Neglect of role of religious beliefs in water consumption 3339 1.29
Lack of stakeholder consultation in decision-making and planning 4.306 (.86
Ineffectiveness of deterrent laws in water-related violations 4206 0.96
Development Weak farmers’ oversight for crop selection 4.139 1.01
5 and 4.060 Lack of cooperation and coordination among government 4.061 1.00
Management agencies
Disproportionate penalties for water-related offenses 3833 1.24
Focus on agriculture-based employment 3817 1.06
Aging and deteriorating urban and rural water supply networks 4.172 093
6 Engineering 4019 Lagk of dredging and maintenance of irrigation canals and 4.078 0.97
drainage systems
Failure to restore and maintain Qanats 3.806 1.28
Challenges in the guaranteed purchase of agricultural products 4,128 0.98
Prevalence of intermediaries in agricultural product sales 4.094 1.15
7 Economic 3790 inadequate insurance compensation for damages to agricultural 3.883 1.13
products
Unfair pricing of agricultural products 3.872  1.07
Low cost of energy carriers such as diesel and electricity 2.961 1.21
Increased agricultural chemical runoff into canals and rivers 3.839 1.10
8 g;:;;} 3.769  Declining groundwater quality 3.789 0.97
Seawater intrusion into the groundwater 3.678 1.09
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Table 9- Recommendations for enhancing water governance and management in the study area
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Water Governance Enhancement
Recommendations

Water Management Enhancement
Recommendations

Establish a watershed coordination
council in the region, focusing on climate
change adaptation and creating technical-
engineering, social-economic,  and
developmental working groups, as well as
forming water users' associations for
water and agricultural management under
this council.

Focus on strategic river basin planning
rather than water resource development
planning.

Engage  effectively with  existing
traditional water management systems in
the region and create awareness and
capacity-building programs for
empowering local communities in water
management.

Focus on land use planning rather than
unilateral  agricultural  development,
emphasizing rural development to
improve the livelihoods of rural
populations and reduce pressure on water
resources.

Pay attention to crop pattern reforms
based on land-use planning, the water-
energy-food nexus, and the livelihoods of
local farmers.

Program-Oriented Recommendations:

e Creating an office in the Mazandaran Regional
Water Company for social water issues

e Developing integrated water-energy-food (WEF
Nexus) policies to align water management with
energy and agricultural policies in the region.

e Reviewing laws related to illegal wells,
agricultural insurance, and water pricing to create
sustainable incentives in the region.

e Preparing allocation and management plans for
different rainfall periods (normal, dry, and
extremely dry) and timeframes (short, medium,
and long-term), involving stakeholders.

Economics-Oriented Recommendations:

e Providing incentives for alternative employment
creation, such as establishing processing industries
for agricultural products, and report on the
provincial business development and sustainable
employment plan (Takapo plan) in the region.

e Establishing risk-sensitive insurance schemes
alongside equitable pricing of agricultural
products in the region.

Infrastructure-Oriented Recommendations:

e Completing and optimizing the performance of the
canals and drainage networks of the Gelvard Dam.

o Completing and fully implement comprehensive
land drainage projects in the region.
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