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Abstract. This work aims to develop integrated water resources management (IWRM) and conduct an 
IWRM implementation assessment based on the study area's indicators. In this way, we have adopted a 
participatory approach for IWRM indicators development. As for assessing implementation at the local level, 
a survey was conducted among water sector actors in the study area to collect opinions regarding their 
management mode. In terms of results, four categories of indicators were developed in consultation with 
participating stakeholders, and an assessment of IWRM implementation was carried out. This assessment 
shows that the current management system is generally medium and that there is a difference between 
stakeholders regarding their capacity to IWRM implement. Some needs were identified for the majority of 
stakeholders to meet the requirements of integrated water management fully. The final target is to apply the 
IWRM in Meknes city as a case study that will eventually allow us to evaluate the water management system 
developed based on these indicators.

1 Introduction 
As an older concept IWRM, it was reinvented in the 1990s 
[1]. Thus, several organizations in the world have adopted 
the IWRM approach globally [2]. Besides, IWRM aims to 
balance water use, protection, and conservation of water 
resources [1]. Although IWRM emphasizes the watershed 
as a management unit, attempts have been made to IWRM 
implement at more local scales while respecting IWRM 
principles[1,3-6]. Furthermore, IWRM has been criticized 
by researchers, particularly concerning its 
implementation [1,4,5]. Therefore, this work has 
considered the sub-basin as a management unit to respond 
to the study area's specific problems. Moreover, the 
integrated water resources management currently 
concerns all actors, near or far, in the water sector. The 
context marked by population growth, rapid urbanization 
and industrialization, expansion of agriculture and 
tourism, and climate change places increasing pressure on 
water resources [7].  Therefore, establishing an adequate 
management system has proved necessary; this system 
must share data in a water information system [8]. Also, 
water data are intended to be integrated into an 
information system and develop relevant indicators. So, 
our works try to address an overview of IWRM indicators 
and their criteria. This study was conducted in Meknes 
city using a survey with water stakeholders based on the 
IWRM indicators. The results highlighted the strong 
points acquired towards integrated management and the 
weak points, which constitute an obstacle to achieving 

integrated water management objectives. This work aims 
to identify gaps in the current water management system 
at Meknes city and trace the avenues for improvement 
towards the establishment of an integrated and sustainable 
management system. 

2 Methodology 

The methodology is based on working meetings with 
stakeholders in the water sector at the study area level to 
identify the indicators deemed relevant for integrated 
management in the study area; thus, four categories of 
indicators have been identified. Next, a survey was carried 
out among the water stakeholders to collect their opinions 
concerning their management. In this sense, the actors 
(figure 1)  surveyed are those acting in the water sector 
and have a close relationship with water resources in the 
study area. There are five proposals in each question 
concerning the questionnaire, which gives the scoring 
system the following aspect in Table 1. [9-11]. The data 
collected was then analyzed to extract the current 
management system results in the study area level. We 
carried out two analysis levels, the first concerns the 
contribution of the various actors to the implementation 
of IWRM, the second level concerns the analysis of the 
studied indicators. 
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Fig.1. Interviewed stakeholders 

Table 1. Scoring example for the first indicator: Technical 
means 

Score Quality 
classes 

What techniques used in your 
management actions? 

5/5 Very 
good 

Applicable techniques are 
adapted to integrated water 
management. 

4/5 Good Adapted techniques but more 
difficult to apply 

3/5 Medium  Few adapted and applicable 
techniques 

2/5 Bad Few adopted techniques and 
challenging to apply 

1/5 Very bad No suitable technique. 

3 Study area 
The study area is located in north-central Morocco, about 
140 km east of Rabat and 60 km west of Fez (figure. 2). 
The Lambert coordinates are: X = 470 to 510 km and Y = 
320 to 380 km. It is an area that stretches 35 km from east 
to west and 45 to 50 km from north to south.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Study area 

This study area is considered agricultural and consumes 
groundwater resources, and offers significant 
environmental and economic potential. 

4 Results and discussion 

4.1 Integrated Water Management Indicators 

Integrated water resource management indicators aim to 
assess the current water resources management system in 
the study area. In an environment of consultation with 
stakeholders, the indicator's proposal is mostly inspired 
by several works on integrated water management and its 
implementation at the local level [8,12-14].  

The list of adopted integrated management indicators is 
not exhaustive, so it can be strengthened by improving 
data availability. The plan identified contains relevant key 
indicators concerning specific issues (evaluation tools, 
technical and financial resources) or the level of 
participation and integration (integration of uses, 
partnership, and consultation). We list below the adopted 
indicators in figure 3. 

 
Fig. 3. Integrated management indicators  

Although these indicators do not allow for an in-depth 
analysis of the water management system's problems, 
they nevertheless fulfill their primary function of 
providing more general data on the most critical issues 
related to the management system. Besides, for the choice 
of IWRM indicators, the crossing of the different 
elements, namely: The assessment, integration, 
participation, and available means, define the basic 
architecture of the water resources management system in 
the study area.  

This approach will allow us to check whether the 
management system has the characteristics of IWRM and 
assess the elements to be reinforced to ensure the 
management system's finalization in the desired vision. 
Indeed four categories of indicators were used in order to 
understand better the state of the water management 
system: Assessment indicators; Integration indicators; 
Consultation 

4.2 Contribution of stakeholders in the 
integrated management system 
 
From the found results, it appears that the majority of 
actors are at medium to a satisfactory level, for some 
stakeholders, this in terms of contribution to integrated 
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water management in Meknes. The Sebou river basin 
agency represents the actors who contribute to 
constructing an integrated management system, the 
national office of water and electricity, the water service, 
and The Water and Electricity Distribution Agency. 

 The other stakeholders have a secondary contribution due 
to the overlap between tactors' intervention and the lack 
of a common strategy between several stakeholders [14-
16]. So the majority of actors suffer from a lack of 
knowledge, funding, and assessment tools (figure 4). 

 

Fig. 4. Stakeholder’s analysis 

Indeed, most management structures are not perfectly 
suited to carry out integrated water management, which 
requires reflection focused on the players and the 
management of their resources to contribute together to 
integrated water resources management in their territory 
[11].  

Moreover, a relationship may exist between the different 
studied variables; for example, the financial means 
indicator may have a relationship with the other indicators 
[8]. However, identifying and confirming this relationship 
between the variables is not the paper subject. It will be 
developed in another article when the data is all collected 
on the issue. 

Stakeholders analysis: This analysis shows two main 
classes, the first in a class considered to be middle class 
bringing together the actors who are still far from 
integrated management with weak points in terms of 
technical and financial means, capacity building, and 
many other indicators. The second class considered good, 
grouping stakeholders who are more advanced and have 
integrated water resources management (figure 5). 
 

 
Fig. 5. Stakeholder’s analysis 

Indicators analysis: the indicators Analysis shows that 
the total score for all indicators is 27.3 while exceeding 
the average required for IWRM estimated at 24, value 
without unit. The results also show certain actors' progress 
in some indicators, such as technical resources and water 
data. On the other hand, the indicators relating to capacity 
building and financial resources are still minor compared 
to other indicators. 

 
Fig. 6. Indicator's analysis  

5 Conclusion 
This work aims to provide an overview of IWRM 
indicators' importance and present a case study at Meknes 
city. Thus, the case study results highlighted the state of 
the adopted management system by actors. The results 
also show a difference from one actor to another in terms 
of the capacity to carry out IWRM, so some needs have 
been identified for the majority of actors to meet the 
requirements of integrated water management perfectly. 
To improve the indicators, it requires the mobilization of 
local stakeholders and establishing consultation and 
coordination mechanisms at the local level to make 
IWRM effective in the study area.  

As for the indicator concept, the example drawn from this 
experience shows that indicators are relatively easy to 
develop. Nevertheless, it is often difficult to collect 
reliable, representative data to assess IWRM objectives' 
performance. It is also important to categorize the 
indicators in groups to reflect an overview and facilitate 
the quantification and aggregation of indicators into an 
index. This perspective will be the subject of further work 
to be developed within the same study framework. 
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