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Abstract

Case study based on observations carried out at CEGELAH over a 16-year period, promoting research, innovation, and technology 
transfer aimed at strengthening the planning capacities of small- and medium-scale drinking water services in the province of Entre Ríos. 
There are four levels of interrelations between the internal and external aspects of water supply systems. The objective is to identify 
areas of intervention in terms of innovations that can counteract the main vulnerabilities detected at this scale of services in a context 
of climate change. The first level involves understanding the urban/rural water cycle as a complex system, highlighting the scientific 
approach provided by General Systems Theory as an interdisciplinary language that enables the parts to be addressed not in isolation, 
but in interrelation. A second relational level is the expansion of the knowledge base through the participation not only of specialists, 
but also of key social actors in formulating this systemic understanding of the issues and in grounding the design of consensus-based 
action strategies. A third level consists of inclusive possibilities for rural sectors as beneficiaries with equal rights to urban users of the 
water supply. And a fourth relational level concerns the formation of public-private partnerships that progressively shape the water value 
chain, fostering synergies among the public water service, local governments, the scientific-technological system, suppliers of materials, 
equipment and services, professionals in the sector, laboratories, etc.
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INTRODUCTION

This work arises under the impetus of the objec-
tives of the International Congress on Relational 
Sustainability (Alta Gracia, Córdoba, Argentina, Oc-
tober 2024). It aims to contribute to Luca Fioriani’s 
proposal for a transition toward a paradigm of rela-
tional sustainability, the central theme of this Con-
gress. Such contributions are made from the per-
spective of research, development, and technology 
transfer praxis in the field of the Urban-Rural Water 
Cycle, in a province in northeastern Argentina.

The article is structured as a Case Report, based 
on the authors’ observations within the institution-
al environment of the Center for Sustainable Local 
Management of Water and Human Habitat (CEGE-
LAH), part of the Faculty of Science and Technol-
ogy at the Universidad Autónoma de Entre Ríos, 
Argentina. The initial objective is to highlight the 
relevance of considering relational aspects around 

a category that has been widely used since the re-
nowned Brundtland Report, in which the term “sus-
tainable development” was coined. This relevance 
is supported from a strategic planning perspective: 
climate change is imposing conditions that com-
promise the continuity of drinking water sourcing 
in vast regions of the planet.

The hypothesis supporting the relevance of re-
lational sustainability in this field is the following: 
“The conditions for resilience in the face of chang-
es in the hydrological cycle caused by climate 
change are strengthened by the robustness of the 
links (relational capacity) between water supply 
services and their multi-actor context.” Four rela-
tional levels of interest are presented. This article 
will be limited to the “Urban/Rural Water Cycle.” 
Figure 3 will provide the reader with an overview 
of the scope of this Cycle.

First Relational Level. The systemic approach of 
the doctoral dissertation by the Director of CEGE-
LAH proved to be a positive process for applying 
General Systems Theory to the Center’s object of 
study: the sustainability of the urban water cycle in 
small- and medium-sized municipalities. From this 
experience, relevant aspects were drawn, such as 
the treatment of complexity and the formulation of 
operational models that mainly allow for represent-
ing the interrelations among the components of a 
given situation under analysis.

Second Relational Level. Linked to the previous 
one, a case presented in the background of the 
aforementioned dissertation was selected, referred 
to as Liwa, in which the multi-actor participation in 
defining the components of the system under study 
stands out as a response to criticisms regarding the 
biases of technological instruments that underpin 
decision-making processes.

Third Relational Level. Observations made 

during the training processes of the Specialization 
in Sustainable Management of Drinking Water Ser-
vices, in which the recommendations of the base-
line international standard, ISO 24512, specifically 
its section concerning the geographical responsibil-
ity of drinking water services, are contrasted with 
the praxis of the services participating in this train-
ing program.

Fourth Relational Level. Observations drawn 
from the same source as the previous level, doc-
umenting deep shortages in human resources 
and support services for local water management 
in small and medium-sized localities. In addition, 
there is a low level of institutionalized cooperation 
among the services in these localities.

As a synthesis of the four relational levels, they 
can be visualized in the following conceptual map 
as inputs oriented toward strengthening local plan-
ning capacities in the drinking water sector and en-
hancing adaptive responses to climate change.

METHODOLOGICAL ASPECTS BROKEN DOWN BY RELATIONAL LEVEL
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Figure 1 - Conceptual map: four relational levels for local drinking water planning oriented toward 
resilience in the face of climate change

A. Brief overview of climate change and its im-
pact in Entre Ríos

To contextualize relational sustainability in the 
field of drinking water services, certain points are 
highlighted that have been directly impacting not 
only empirical aspects but also the collective imag-
inary of the Province of Entre Ríos. Regarding the 
latter, thanks to CEGELAH’s participation in the 
Cultura del Agua en Entre Ríos program1, it was pos-
sible to assess, alongside those experiencing the 
impacts of these transformations firsthand, the shift 
in their perception of the environment. 

Water management in the province was, until 
this decade, strongly influenced by the notion that 
water is abundant in Entre Ríos and would always 
be available. Although historically there have been 
cycles of excess (intense rainfall and overflow of 

watercourses) and of scarcity due to droughts, un-
derground aquifers have always served as a guar-
antee of access to drinking water for all services in 
the province.

What new things did climate change bring to 
the province? According to CIMA2 (Centro de In-
vestigaciones del Mar y la Atmósfera), this can be 
summarized as follows: in scenarios where global 
decarbonization policies fail to meet their targets 
(RCP 8.5 Scenario), there will be an increase in 
heatwaves and so-called tropical nights. Precipita-
tion, in turn, would maintain a stable annual aver-
age but would become concentrated in periods of 
extreme rainfall followed by severe droughts.

What is the impact on the hydrological cycle 
and the main water sources of the province?

Below is a dimensionless graph representing this.

RESULTS OF THE OBSERVATIONS CONDUCTED
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Figure 2 - Diagram of the estimated impact of the alternation of cycles with droughts – heatwaves – 
extreme rainfall in Entre Ríos

In unequivocal terms, this impact would consist 
of the following interrelated effects:

• The concentration of rainfall in shorter peri-
ods, characterized by extreme precipitation events 
and increased frequency, will result in strong flash 
floods and changes in aquifer recharge processes.

• On the other hand, heatwaves and the rise in 
tropical nights will impact water demand, increas-
ing it.

• Extraordinary droughts at the sources of the 
major rivers in the coastal region have caused sig-
nificant decreases in their flow rates. A phenom-
enon observed in various localities in the interior 
of Entre Ríos was the substantial drop in the water 

table level of underground wells in use, leading to 
their deactivation.

• The combination of heatwaves and prolonged 
droughts will negatively affect crop yields and vi-
ability. As a consequence, producers with greater 
financial capacity will opt to expand areas with 
complementary artificial irrigation, primarily using 
groundwater.

• The convergence of these factors reveals a 
scenario of increased vulnerability of both under-
ground and surface water sources, with highly 
probable risks of changes in resource availability 
due to both altered aquifer recharge and situations 
of overexploitation.

Figure 3 - The Urban Water Cycle and its rural surroundings – synthesis of the threats brought by cli-
mate change to the region.

Caption: TO: Groundwater and/or surface water intakes; TR (blue): Potabilization treatment; AL: Storage – Gravity pressure; 
CO: Water consumption; EM: Wastewater discharge; TR (red): Wastewater treatment prior to disposal (in situ, underground, or 

into a receiving body).
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These initial data place the reader within a 
context of profound transformations in the living 
conditions of localities across the province. The 
adaptation policies proposed by the IPCC (Inter-
governmental Panel on Climate Change) to mini-
mize negative impacts on local vulnerabilities fol-
low an iterative framework based on knowledge 
derived from the evaluation of adaptive actions3. 
To this end, it is crucial to understand the com-
plex network of factors that affect the desirable 
goal of sustainability, applied in this case to ensur-
ing continued access to water, both in quality and 
quantity, for the entire population. What follows 
will demonstrate how, based on the proposal of 
four relational levels applied to the urban-rural wa-
ter cycle, it is possible to approach this complexity 
in a way that supports the relevance of relational 
sustainability as a tool for understanding and strate-
gically addressing it in sector planning.

B. First Relational Level: Complexity Through a Sys-
temic Approach

Von Bertalanffy and the scholars who contribut-
ed to systems thinking developed an approach that 
allows not only for understanding the components 
of reality individually and in isolation, but also for de-
fining the interrelations among those components4. 
This set, within clearly defined boundaries and with 
specific objectives, is referred to as a system.

To demonstrate the relevance of this approach, 
a subsystem developed in the doctoral dissertation 
of the Director of CEGELAH is presented: water de-
mand in a medium-sized municipality located in a de-
veloping region of Argentina. The guiding question 
was: what does water demand depend on? This is not 
a trivial question. If the factors on which demand de-
pends are understood, it becomes possible to inter-
vene in them to achieve outcomes of water savings 
and efficient use within the supply system.

Figure 4 - Forrester Diagram – Water Consumption Subsystem.

Source: Nudelman, 20165.
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From the presented diagram, on the one hand, 
the main variables influencing water demand can 
be identified, depending on the location within 
the urban grid. On the other hand, the diagram 

includes the mathematical functions that explain 
the interrelation between these variables and wa-
ter consumption. Both aspects are detailed in the 
tables below.

Table 1 - Selection of Relevant Variables in the “Water Consumption Subsystem” for Determining 
Demand.

Code Variable Name Unit Remarks

BALD Average number of bucket shower bathrooms per block No. Indicates the absence of showerheads in the water facilities

XLAV Average number of automatic washing machines per block No. Availability of washing machines in the block

XLAO Average number of washbasins per block No. Availability of washbasins in the block’s bathrooms

DUCH Average number of personal hygiene activities using 
showers per block No. Availability of showers in the block’s bathrooms

XLAM Average number of manual laundry activities per block No. Average number of units in the block where laundry is done by hand

YMIL Average income per block, over the total population Pesos ∑ Block income / Total population (divided by 1000 for calculation)

ECAC Average income per block, over the economically active 
population Pesos ∑ Block income / E.A. population (divided by 1000 for calculation)

PEMZ Number of people per block No. People Resident population in the block (divided by 1000 for calculation)

TAFA Average family size in the block No. People Average number of household members per block (divided by 1000)

SULI Average free surface area per lot in the block m² Average unbuilt area per lot in the block (divided by 1000)

SCMA Average built surface area per lot in the block m² Average built area per lot in the block (divided by 1000)

AUTO Average number of private cars per block No. Estimate of water use for vehicle washing

CO01 Average water consumption per block per semester – 2001 m³ 2001 consumption pattern as an independent variable (divided by 
1000)

CO02 Average water consumption per block per semester – 2002 m³ 2002 consumption pattern as an independent variable (divided by 
1000)

CO03 Average water consumption per block per semester – 2003 m³ 2003 consumption pattern as an independent variable (divided by 
1000)

TEMP Average temperature per semester and year °C Data obtained from the nearest weather station (divided by 1000)

CAGU Water consumption per lot and block m³ Differentially calculated consumption according to block location

Table 2 - Example of a Representative Function of the Interrelations Between CAGU (Water 
Consumption) and Independent Variables of the Block and Semester Under Study

Source: Nudelman, 2016.

Implicated Variables

TAFA: Average family size per block (divided by 1000)

XLAV Número medio de lavadoras automáticas por manzana

YMIL: Average income per block over the total population (divided by 1000)

XLAO: Average number of washbasins per block

DUCH: Average number of people using showers per block

Equation (13)

h=9.405179270909800e+000+1.303531075121132e+002*(TAFA(i1)*XLAV(i1))+1.703939375930131e+001*(YMIL(i1)*XLAO(i1)) -2.822452265058277e+001*(1/
DUCH(i1))+2.611987434590440e+001*(1/XLAO(i1))
               AA=1146.707781135041*((TAFA(i1)*XLAV(i1))-0.006684)^2+14.940235040672*((YMIL(i1)*XLAO(i1))-0.093307)^2+4.919812943306*((1/DU-
CH(i1))-3.580403)^2+4.191338569795*((1/XLAO(i1))-3.864641)^2
               AB=-2*29.480554636427*((TAFA(i1)*XLAV(i1))-0.006684)*((YMIL(i1)*XLAO(i1))-0.093307)
               AC=-2*26.630879895221*((TAFA(i1)*XLAV(i1))-0.006684)*((1/DUCH(i1))-3.580403)
               AD=2*24.617962245698 *((TAFA(i1)*XLAV(i1))-0.006684)*((1/XLAO(i1))-3.864641)
               AE=-2*1.992911372906*((YMIL(i1)*XLAO(i1))-0.093307)*((1/DUCH(i1))-3.580403)
               AF=2*1.853071703269*((YMIL(i1)*XLAO(i1))-0.093307)*((1/XLAO(i1))-3.864641)
               AG=-2*4.540915169092*((1/DUCH(i1))-3.580403)*((1/XLAO(i1))-3.864641)
               s=1.398164*sqr(1+1/35+AA+AB+AC+AD+AE+AF+AG)

1st semester (“warm”) Determination Coefficient R² = 0.738Block 46
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Antonio Caselles, from the University of Valencia, 
developed decades ago a methodology and sup-
porting computer programs that enable a systemic 
approach to any type of reality and the construction 
of a computer simulator (application) capable of rep-
resenting the behavior of a target variable based on 
the projection of its dependent variables6. In this way, 
what is conceptually identified as “complex” can be 
translated into an application that, with its limits and 
margins of error clearly stated, provides specialized 
knowledge about the variable in focus—in this case, 
water demand in different sectors of a locality—by in-
tegrating the fields of knowledge that contribute to 
the definition of the independent variables involved 
and the types of interrelations known or identified in 
the case study. Moreover, the construction of future 
scenarios based on the environmental variables in-
volved allows for estimating the trajectory of this de-

mand in the face of, for example, the climate change 
conditions projected within a given time horizon.

C. Second Relational Level: Participation for More 
Realistic Models

Models have rightly been criticized as incomplete 
and even biased lenses for understanding reality. As 
early as the 1970s, Erich Fromm focused his critique 
on the prevailing trend of using computer programs 
and their models detached from reality and from 
the people upon whom their results and subsequent 
actions would have an impact. Technically, this is 
known as “bias” and corresponds, in Fromm’s termi-
nology, to the “logic of facts”7. The core of this cri-
tique was: who decides which variable is relevant for 
understanding a given reality and, therefore, should 
be incorporated as part of the explanatory model of 
that reality?

Figure 5 - Conceptual Map of Erich Fromm’s Critique of the Selection of Significant Variables Accor-
ding to the Logic of Facts. Source: Nudelman, 2016

.

There are very interesting experiences in which, 
through group techniques and participatory methods, it 
is possible to incorporate the perspectives of those who 
are part of the problem being analyzed—perspectives 
that can prove fundamental to achieving results more 

aligned with reality. As an example, the Liwa Project8 
illustrates, in the following diagram, how a model with 
multilateral participation is incorporated as a tool that 
supports participatory planning based on reliable evi-
dence provided by the participants themselves.
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Figure 6 - Overview of the LiWa Project Methodology and Its Outputs
Source: Liwa, 2015.

Undoubtedly, this is a relational level that has 
been very little addressed. On one hand, in certain 
sectors, there is a visceral rejection of quantitative 
methodologies for explaining phenomena, espe-
cially in the social field. No one is idolizing such 
methodologies, as any scientist or technologist 
committed to objectivity and honesty clearly states 
the criteria, scope, and limitations with which a 
model has been developed. However, their con-
struction and refinement constitute a virtuous pro-
cess that enables a kind of knowledge which, oth-
erwise, would remain fragmented in voluminous 
studies that contribute little when it comes to field 
decision-making. On the other hand, the systemic 
approach provides a language that fosters interdis-
ciplinarity.

Regarding these benefits, advancing in the open-
ing of these processes to those who possess expe-
riential knowledge of the reality (under study or in-
tervention) undoubtedly represents a valuing of the 
contributions made by citizens, industrialists, man-
agers, and producers. These actors can contribute 
to building a more accurate model that enables the 
establishment of a sustainable relationship with the 
natural environment, with respect to the ecosystem 
services it provides locally or regionally, and also 

to a more equitable distribution of water.
Finally, it is noteworthy how Erich Fromm’s 

thinking converges at this point with that of Ro-
mano Guardini, who is frequently cited by Pope 
Francis in Laudato Si’9, in his discussion of the need 
to offer humanizing alternatives to the “techno-
cratic paradigm.” That technology, specifically the 
rapidly advancing technology of computing and 
simulation, might become a tool in service of the 
majority, helping to explain the phenomena that af-
fect them and enabling strategic collective efforts 
to overcome them, is undoubtedly a horizon that 
must not be abandoned.

D. Third relational level: Water Supply Services 
and Their Users 

When shifting from the more technical aspects 
of understanding the urban/rural water cycle to 
management practices, a clear situation of disad-
vantage in water access becomes evident. In the 
province of Entre Ríos, each municipality is respon-
sible for supplying water to its inhabitants. Jurisdic-
tionally, there exists what is referred to as the ejido 
municipal, that is, the portion of territory under its 
administration, within which a water supply system 
is established that may be publicly managed (mu-

8
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nicipal water service) or cooperatively managed 
(water and sanitation service cooperatives).

The problem arises in the processes of territorial 
occupation around these ejidos municipales, where 
there is a dispersed population or small settlements 
known as “colonies,” which may be connected to a 
network focused on urbanized localities.

Inequality becomes evident when it is found that 
legal equality does not translate into equal access to 
water. A practical example: residents of the urban 
center have access to the water supply network, and 
regardless of the service’s management efficiency, 

there is an entity responsible for ensuring a certain 
standard of water quality and quantity. Outside the 
ejido municipal, however, there is no responsible 
entity, the entire burden of securing access to water 
falls on the resident or the colony itself. Evidently, 
this is a situation of neglect and lack of protection 
that generates significant social inequity.

Although there have been rural water supply pro-
grams, such initiatives have always suffered from a 
lack of continuity and, above all, from the fact that 
the ultimate responsibility for operating the imple-
mented system ends up falling on the user.

Figure 7 - Example of the City of Crespo, Residents Outside the Ejido Municipal.
Source: Google Earth, 2024 – Prepared by the authors, 2024.

However, the international standard ISO 24500 
for water and sanitation services proposes an ad-
vancement that represents a starting point with great 
relational potential at this third level. It introduces 
the concept of “geographic responsibility” in water 
supply, going beyond the administrative boundaries 
of a ejido municipal10. In short, the standard broad-
ens the scope of listening: what matters is the water 
consumed by every individual, family, or group lo-
cated near a locality.

Currently, advances in communication and infor-
mation systems allow for precise monitoring of the 
supply conditions of dispersed populations within 
the geographic responsibility area of a municipal or 
cooperative water service. For instance, the period-
ic verification of potability conditions would already 

serve as a form of support for the health of these 
populations. Even more so, vulnerability to impacts 
caused by poor pesticide management is significant-
ly higher in these contexts, requiring regular mon-
itoring of water quality parameters related to such 
substances.

All of this can be assessed and guided by spe-
cialized technical staff from municipal drinking wa-
ter services, acting as extensions of those services. 
Relational sustainability creates room for new chal-
lenges and invites the development of creative solu-
tions, harnessing the capacities of all stakeholders 
involved.

 
E. Fourth Relational Level: Economies of Scale and 
the Water Value Chain
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Figure 8 - Example of Potential Economies of Scale in Water and Sanitation:
Crespo (Entre Ríos), Its Colonies, Villages (Yellow), and Nearby Localities (Orange).

Source: Google Earth – Prepared by the authors, 2024.

As early as 2010, the Economic Commission for 
Latin America and the Caribbean (ECLAC) studied 
the economic vulnerability faced by small- and me-
dium-scale water supply systems. The concept of 
“economy of scale” in these systems, presented by 
Lentini and Ferro11, addresses relevant operational 
aspects of this challenge. It became evident in Ar-
gentina how the wave of privatization of drinking 
water services in the 1990s focused almost exclu-
sively on the large systems of provincial capitals. 
The reason was clear: there was no “commercial in-
terest” on the part of large consortia to operate in 
less profitable localities.

This observation offers a diagnosis of the low 
economic profitability of these services. However, 
where there is threat, there can also be opportu-
nity. The links between localities whether related 
to transportation, production, watersheds, political 
affiliation, or cooperative networks already exist 
informally in emergency situations. One example 
occurred when, after the burning of a groundwater 
intake pump in a city, a simple phone call to the 

mayor of a neighboring municipality was enough 
to obtain a spare pump and restore the service 
within a few hours.

In the context of a proposal for sectoral planning 
based on clusters of localities, with agreements on 
the best technologies to be adopted, joint procure-
ment would be feasible, increasing scale and secur-
ing better prices from suppliers. Another sensitive 
point is the growing scarcity of skilled operators. 
The idea of specialized human resources working 
across municipal networks is not utopian. In Spain, 
for example, there have been for decades man-
comunidades of small localities that share water-
sheds, such as the Mancomunidad del Alto Palan-
cia12, which managed, among other things, waste 
collection services for all associated communities.

Without a doubt, the creation of trust-based re-
lationships and the ability to formulate joint devel-
opment plans - even modest ones - can be crucial 
steps toward overcoming structural vulnerabilities 
and strengthening the resilience of water supply 
services.
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Finally, another aspect within this same level is 
the “water value chain.” Mapping the components 
of the entire process that makes up the Urban-Rural 
Water Cycle - and, within each component, identify-
ing the involved actors - reveals the complexity and 
breadth of this chain. As a preliminary sketch of the 
value chain, Table 3 has been developed. It would 
be necessary to expand upon it and, of course, to 
classify these actors and assess their availability, 
quality, and roles within the chain. However, reality 
shows that this chain is nonexistent as such. And 
the fundamental reason is that there are no clearly 
defined service goals or commitments to water re-
source stewardship on the part of those who should 
be governing the local water supply system.

One example clearly illustrates the issue: a recur-
ring headache in every local drinking water service is 
the seasonal overload caused by the filling of private 
or communal swimming pools during the summer. 
The main problem lies in the lack of maintenance 
of these pools; when the water is no longer in good 
condition, consumers prefer to drain and refill them. 
A missing link in this chain is the presence of one 
or more well-trained entrepreneurs equipped to pro-

vide pool maintenance services. There are dozens 
of such disconnections in small and medium-sized 
localities.

Another example: the IDB (Inter-American Devel-
opment Bank) estimates that approximately 40% of 
the water extracted and treated by drinking water 
services is lost through leaks (non-revenue water). 
This represents a waste of both water resources 
and electricity, as each leaked liter was previously 
pumped. Finding technology-based entrepreneurs 
specialized in leak detection (in networks or house-
holds) is like looking for a needle in a haystack. A 
highly subsidized public service such as water pro-
vision leads to the economic inviability of efforts to 
detect and repair leaks.

Some degree of interest in reducing energy costs 
does exist among water services, as demonstrated 
by the intervention carried out in the city of Nogoyá 
by CEGELAH, through a Hydro-Energy Efficiency Di-
agnosis of its drinking water service13.

The following table presents a visualization of 
potential components of the water value chain, or-
ganized according to the stages of the Urban-Rural 
Water Cycle.

Table 3 - Potential Links in a Water Value Chain.

Source Storage Treatment and distribution Consumption Discharge

Professionals and 
Technicians:
• Hydrogeologists
• Well drillers
• Certified water quality 
laboratories
• Specialized services for 
aquifer exploitation condition 
studies

Suppliers:
• Subsurface pumping equi-
pment
• Measurement instruments
• Filters and materials

Profesionales y Técnicos: 
* constructores 
 
Proveedores: 
* de almacenamientos de  
grandes volumenes
* de equipos de bombeo para 
impulsión
* de instrumentos de  
medición.
* de servicios de 
mantenimiento de equipos e 
instalaciones

Professionals and Techni-
cians:
• Professional water sampling
• Water quality supervision
• Certified water quality 
laboratories
• Specialized services for 
disinfection system calibration
• Network installation 
companies
• Network design and 
optimization consultants
• Leak detection services

Suppliers:
• Chlorinators for raw water
• Inputs and materials

Consumption 
Organizations representing 
water demand:
• Neighborhood commissions
• Commercial and industrial 
chambers
• User-members (coopera-
tives)

Urban demand formulators:
• Real estate developers
• Designers and builders of 
residential, institutional, and 
industrial structures

Suppliers:
• Devices and installations
• Maintenance services for 
equipment, devices, and 
installations

Professionals and 
Technicians:
• Specialized services for stu-
dies on discharge conditions 
into receiving water bodies
• Specialized services for 
sewage treatment plant 
design and maintenance
• Services for monitoring 
discharged water quality and 
receiving water bodies
• In situ maintenance services

Potential Components of a Water Value Chain

Common to all stages of the Urban-Rural Water Cycle: • Credit institutions • Development cooperation agencies • Technical and vocational training insti-
tutions • Entities responsible for inspection, verification, operation, maintenance, and service management.
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DISCUSSION

The following discussion seeks to reflect on possible 
questions the reader may ask.

In what way is a relational approach superior to a tra-
ditional approach?

The relational approach to sustainability proves to 
be relevant due to the notion of complexity. A recent 
example from Argentina’s economic context illustrates 
this well. The prevailing economic model has imposed 
more or less homogeneous lifestyles, based on comfort, 
status, and consumption. When thinking about doing 
laundry, no one fails to picture an automatic washing 
machine. However, environmental care measures have 
led to the development of “eco-efficient” appliances—in 
this case, automatic washing machines that offer low 
water consumption functions.

Nonetheless, correlation studies on the factors in-
fluencing water demand (see Tables 1 and 2 above) 
showed a positive association between the use of such 
washing machines and household water consumption. 
This apparent contradiction can be explained by life-
style: since these machines are very easy to use and wa-
ter tariffs are very low, consumers tend to wash clothes 
more frequently, even after minimal use. This would ex-
plain how, although an “eco” machine consumes less 
water per cycle than older models, its more frequent 
use throughout the day results in greater total water 
consumption.

If we add to this the economic reactivation measures 
already implemented in the country (such as civil con-
struction and increased access to home appliances), 
it is possible to see how such policies may negatively 
impact water resource conservation by driving water 
consumption. This example highlights how social fac-
tors (lifestyles and advertising that promotes them), eco-
nomic factors (tariffs, wages, credit), technological fac-
tors (“eco” certifications), and other possible conditions 
converge. This complex network of interrelations is the 
one that, with academic support, must cease to be a 
“black box” and become a “transparent box” in order 
to be incorporated into local planning processes and 
the effective resolution of water demand management 
policies that are more efficient.

What is the relationship between climate change resil-
ience and the use of simulation models that incorporate 
the participation of the involved actors?

The main strength of a model lies in its ability to rep-
resent reality as faithfully as possible. This means that 
its outcomes (target variables) must be reliable. When 
the individuals involved in building a model represent 
a broad spectrum of social actors familiar with the sys-
tem whether through academic training or empirical 
knowledge biases that distort the represented reality 

are avoided.
When projecting the impact of climate change on 

specific factors within a local or regional reality, such 
reliability becomes essential, so that the investments 
and efforts undertaken can effectively contribute to suc-
cessful adaptation to climate change or, in other words, 
enhance the resilience of the system in question.

The case presented was geographically centered on 
an Argentine province, Entre Ríos, the area of action of 
CEGELAH. But which elements of this case could be ex-
trapolated to other geographic contexts?

Climate change in Entre Ríos, with visible signs for 
the entire society, such as the extraordinary low water 
level of the Paraná River and the prolonged droughts 
between 2022 and 2024, has posed a culturally unprec-
edented question for the region: Can Entre Ríos run out 
of water? This represents a major shift, since the prevail-
ing social imagination always regarded such a scenar-
io as impossible. In the face of a transformation of this 
magnitude, much work remains, as water management 
in the territory has long been characterized by a lack of 
verifiable objectives for resource stewardship and by a 
disorganized pattern of distribution.

In this regard, the case of Entre Ríos may be compa-
rable to other regions where water, particularly ground-
water, has historically been abundant, and therefore no 
more rigorous, evidence-based management practices 
were developed. Another extrapolable aspect, due to 
its international standardization, is the emphasis on 
training human resources and decision-makers with the 
aim of advancing, among other areas, the local produc-
tion of Performance Indicators (PIs), in accordance with 
the standards established by the ISO 24500 series.

It is well known that a solid planning foundation 
depends on relevant, reliable, and regularly updated 
information. The design and implementation of the Spe-
cialization in Drinking Water Service Management, ref-
erenced in various parts of this paper, was the executive 
strategy chosen to introduce changes in the territory. 
This strategy also promotes, indirectly, the adoption of 
systemic methodologies that make it possible to build, 
through participatory processes, reliable foundations for 
action in the sector.

How would the geographic responsibility of water 
supply services proposed by the ISO 24500 standard 
contribute to public policies in the sector?

If we consider the logic of politics, it tends to re-
spond to users’ “demands” (needs) only when these are 
formally expressed. What is desirable, however, is a shift 
in local regulations that not only broadens geographic 
coverage but also redefines the very concept of drink-
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ing water service understood as a heterogeneous sys-
tem that ensures an equitable standard of service for all.

CEGELAH has made progress in this direction by 
building communication channels through improve-
ment plans developed within the scope of the Special-
ization program14, along with the development of indi-
cators that make it possible to visualize the relationship 
between service providers and users. Specifically, the 
ISO-IRAM 24510 standard addresses these relation-
ships.

To implement this geographic responsibility, one 
possible path would be through State action (at the mu-
nicipal or local level), proposing alternative technologi-
cal solutions: for example, smaller-scale drilling (even if 
costly), the use of alternative sources such as rainwater, 
or the installation of electronic systems for remote mon-
itoring of water quality, among other possibilities.

Using the Liwa example, an important gap is highlight-
ed regarding the construction of models in which the 
main actors involved in the studied system participate. 
How could this be applied to the reality of small and me-
dium-sized localities, for example, in Argentina?

In this context, there is no consolidated technical 
culture of territorial planning in general nor in the wa-
ter sector specifically that incorporates the formulation 
of local simulation models capable of generating reli-
able forecasts and, based on them, constructing sce-
narios and strategies grounded in verifiable evidence. 
The main lesson from the LIWA example is that this is 
indeed possible: not only the use of such models but 
also their co-construction through appropriate social 
methodologies that incorporate empirical knowledge, 
observation, and the wisdom of social groups capable 
of making meaningful contributions in this field.

To achieve this, it will also be necessary to abandon 
the prejudices that fragment and isolate different forms 
of knowledge. Academia plays a fundamental role in 
this process. A modest contribution from CEGELAH, for 
instance, is represented by the course ICTs Oriented 
Toward Strategic Local Planning, offered as part of the 
Bachelor’s Degree in Systems at the Faculty of Science 
and Technology. This course provides a space where 
students seek to connect their technical and computa-
tional knowledge with the real needs of localities in the 
province especially regarding the production of infor-
mation for sustainable water management.

The previous point highlights how heterogeneous it 
would be to work with knowledge from such diverse 
sources. How can one reconcile the rigor of scientific 
knowledge with that which stems from trustworthiness 
and practical experience?

Undoubtedly, this is a significant bottleneck: recon-
ciling, within a single model, knowledge derived from 

different disciplines. The systemic methodology in this 
case, the one proposed by Antonio Caselles Moncho 
from the University of Valencia, an authority in the use 
of General Systems Theory (GST) as a scientific meth-
odology is an example that such reconciliation is possi-
ble. Likewise, the previously mentioned Liwa example 
shows the extent to which it is feasible to converge 
knowledge from different sources.

Moreover, there is a common element shared by 
both modeling processes. Antonio Caselles proposes 
not only the incorporation of mathematical functions as 
explanatory components of the interrelations between 
variables, but also the inclusion of simple logical expres-
sions, which can very well translate empirical observa-
tions provided by trustworthy individuals as contribu-
tions to the model’s construction.

An artificial example applicable to the case: in locali-
ties lacking data on a local watershed, one might affirm 
that “if ‘n’ millimeters of rain fall in the wetlands region, 
the stream that flows through our community will reach 
point ‘p’.” Arriving at this kind of expression requires the 
support of a participatory process, involving representa-
tive social actors who belong to the system in question, 
speaking a shared language and using methodologies 
that enable the identification of reliable components 
and the achievement of properly tested results.

The concept of a “value chain,” originating from the 
field of economic development, when applied to the 
water sector, is indeed innovative. Are there institutional 
frameworks that support its construction?

The shortage of specialized human resources for the 
various functions of the Urban-Rural Water Cycle is a 
severe deficit in the province. This problem, shared by 
many localities, suggests that its solution could emerge 
through permanent mechanisms for communication 
and resolution.

A favorable space for building this value chain lies in 
the microrregions. In the area presented in Figure 8, the 
MiCra (Microregión Crespo y Aldeas), was recently es-
tablished, obtaining its legal status at the end of August 
2023. This offers all territorial actors a platform to iden-
tify problems and define common goals related to the 
UR-WC (Urban-Rural Water Cycle), as well as to share 
technical and organizational capacities to achieve them.

Could another example of missing links in the water 
value chain be presented?

An additional critical link is the absence of services 
capable of addressing water contingency situations. 
This becomes particularly evident during the summer 
in small villages. Crespo is the center of a poultry pro-
duction zone, and many of the villages that are part of 
MiCra depend on water supplied by the municipality.

However, during the summer season, a conflict of in-
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terest emerges: how much of the available water should 
be allocated to human consumption and how much to 
animal consumption? In this context, one can envision, 
for example, the role of private companies capable of 
constructing specific wells dedicated to supplying water 
for animal consumption.

Was CEGELAH able to empirically verify the effective-
ness of measures aimed at the sustainability of the UR-
WC?

As empirical evidence, the cases of the cities of Cres-
po and Nogoyá are presented. At the time the diagnos-
tic studies were conducted, the main complaints from 
residents concerned service intermittency and lack of 
pressure in the network in specific areas. Internally, 
however, the top priority for both municipal govern-
ments was the frequent breakdown of electric pumps 
and the high and rising energy costs associated with 
their operation.

A controllable hydro-energy efficiency measure 
was implemented by the municipal water services: the 
automation and strengthening of pumping systems. 
Following the implementation of improvements in 
the municipality of Crespo, an 8% reduction in ener-
gy consumption was recorded during July and August 
between the periods of 2011 and 2012; the same ef-
fect was observed in Nogoyá during September of the 
same years.

As for pump breakdowns in Nogoyá, an evaluation 
of repair costs was proposed. The result showed an esti-
mated expense of $70,000 in 2009, with a significant re-
duction to less than $20,000 in 2011. With this level of 
confidence in the results, it becomes possible to move 
forward for example, in leak management, thus paving 
the way to develop a demand management policy that 
involves a broader range of social actors15.

Was it possible to record the impact of simulation 
models applied to local water management?

Not for models of the scale presented here, as the 
most advanced one, outlined in specific parts of this ar-
ticle, still requires validation. However, CEGELAH has 
participated in and locally promoted the use of simu-
lation models, although these have been limited to the 
use of the water distribution network behavior simula-
tor, EPANET, widely known in the field of urban hydrau-
lics (Third-Party Service Experiences, Nogoyá).

A particularly illustrative example is the routine prac-
tice in local water distribution services of granting ac-
cess permits to new users. The capacity of distribution 
systems to admit new users is a dynamic factor that, 
without simulation, would require costly studies and the 
involvement of specialized professionals.

The availability of a simulator such as EPANET - prop-
erly calibrated and equipped with data input points that 

allow for periodic model updates - would provide the 
opportunity to access, in real time, reliable and free 
information to supply new users with accurate service 
conditions. This would in turn enable the issuance of 
technical recommendations for the design of hydraulic 
installations that ensure reliable water consumption.

From the two international experiences (LIWA and the 
Mancomunidades in Spain), what lessons could be ap-
plied to the Province of Entre Ríos?

Both are replicable, provided they originate from 
concrete initiatives and leadership. Specifically, 
through the actions of the Center, the implementation 
of the first two cohorts of the Specialization in Sustain-
able Management of Water Services, with the partici-
pation of seven municipalities16, represented an initial 
step toward establishing a common language based 
on evidence, such as the development of Performance 
Indicators (PIs) following the standardized logic of the 
ISO 24500 standard. The construction of reliable in-
dicators forms the foundation for future participatory 
modeling initiatives.

On another front, the recent alliance formed by CE-
GELAH with the Provincial Water Sources Regulatory 
Council (CORUFA) seeks to create consensus-building 
spaces based on local evidence and the involvement 
of major productive water users, with the aim of op-
erationalizing existing legislation (Water Law) regarding 
integrated watershed management.

When it comes time to effectively regulate the terri-
tory through consensus, this will enable the inclusion of 
both urban and rural water actors in efficient use prac-
tices and in collaborative strategies that help reduce the 
costs of priority technologies to be implemented.

To introduce this proposed vision, it was acknowl-
edged that leadership is lacking. Who would be the key 
actors to drive these changes?

The well-known strategy “Think globally, act locally” 
is particularly relevant here. Therefore, field-level actions 
(local level) cannot remain isolated from higher-level co-
ordination namely, the provincial level. Municipalities 
and cooperatives responsible for water services are in-
dispensable actors. In the Province of Entre Ríos, the 
provincial level is represented by Obras Sanitarias de 
Entre Ríos and the Dirección de Hidráulica. At the wa-
tershed scale, CORUFA is another key player.

Thanks to the alliance previously mentioned, sus-
tainability-oriented approaches are also beginning to be 
developed with large-scale users, starting with the agri-
cultural sector - though this remains in an early stage.

Finally, academia plays a crucial role, offering a broad 
range of expertise. Within it, CEGELAH stands out as a 
center of the Universidad Autónoma de Entre Ríos, with 
a presence throughout the provincial territory—an ad-
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vantage not yet fully leveraged.
As for other institutions, recent years have seen 

progress in research and development (R&D) efforts in 
collaboration with other universities, such as the Uni-
versidad Nacional de Entre Ríos, and R&D agencies like 
the Instituto Nacional de Tecnología Industrial (INTI). In 
practice, this represents the current view on the matter.

Given the relevance of political decision-makers in 
the implementation of actions, what type of language is 
considered appropriate to engage them in the proposed 
approach?

CEGELAH has tested three strategies that proved ef-
fective in engaging political decision-makers in sustain-
able water management. The first strategy is based on 
the language of economic and political “convenience”, 
focusing on the saving of public resources, especially 
through the reduction of energy costs associated with 
water pumping (as demonstrated by hydro-energy effi-
ciency measures). The second strategy emphasizes the 
reduction of social conflict caused by poor service qual-
ity. This includes the implementation of early warning 
systems for monitoring the operational status of wells 
and the adoption of IRAM standards for drinking water 
quality. The third strategy involves the development of 
“ad hoc” pedagogical models, creating learning spaces 
aimed at training technical, professional, political, and 
community leaders, using the university’s educational 
platform. In this line, in addition to the aforementioned 
Specialization in Sustainable Management, a Special-
ization in Citizen Water Management (currently under 
approval) has been designed. This program presents the 
principles of ISO 24512 in a practical way, focusing on 
improving services for users of drinking water systems. 
Short training courses on water quality management 
have also been offered.

The most recent initiative - still under develop-
ment  - consists of a self-learning strategy, offering 
autonomous courses open to diverse user profiles 
(water services, slaughterhouses, schools, agricultural 
producers, etc.) for the installation of water quality 
monitoring tools. These are integrated into a virtual 
network of remote technical assistance operating at 
the provincial level.

Did the simulation model of urban water cycle sus-
tainability and its set of equations, presented at the first 
relational level, serve for local action planning?

The doctoral thesis reached the stage of model con-
struction, but it has not yet completed its validation 
phase, a stage in which it still remains. This is due to the 
fact that the Center’s priority has been the implementa-
tion, through the aforementioned strategies, of informa-
tion systems capable of generating data and indicators 
compatible with models such as the one proposed for 
the sustainability of the urban water cycle. 

Would it be possible to concretely apply the four rela-
tional levels presented?

The formulation of these four relational levels was 
primarily intended to present a possible horizon. Possi-
ble because the Center is actively working in that direc-
tion and, through the strategies outlined and alliances 
established, has defined priorities that were presented 
in this article as lines of action either implemented or 
underway. It was not possible to present conclusive 
data, mainly because CEGELAH is a small center oper-
ating within a context of many limitations.

The main contribution lies in sharing, with the vari-
ous fields of knowledge that the issue of water engag-
es, the relevance and pertinence of the interrelations 
among these four levels, if the goal is to contribute to 
adaptive policies in the face of climate change that en-
sure access to water for all actors involved, not only in 
terms of quantity and quality, but also with equity.

Overcoming institutional inertia is costly. Are there 
any guidelines for addressing it?

To break such inertia, and from the perspective of 
this R&D&I Center, a number of possible lines of action 
have been identified as illustrative:

• Amendments to current legislation, in order to 
strengthen the capacity of a central authority with reg-
ulatory power over the territory, responsible for mea-
suring service/water provision standards and providing 
technical assistance to all water-demanding actors (ur-
ban, industrial, and agricultural), with a focus on effi-
cient use and the reduction of contaminants discharged 
into surface and groundwater bodies.

• Funding for improvement actions, through the ac-
tivation of resources already provided for in Provincial 
Water Law No. 9172, which, in Chapter XX, establishes 
the creation of the Provincial Water Fund, largely in-
tended to finance R&D&I activities in this field.

• Training of regional technical and professional per-
sonnel, capable of providing technical assistance to all 
water-demanding actors across the territory for sustain-
able water management.

• Incubation initiatives for technology-based enter-
prises, aimed at supporting key water-demanding actors 
in their sustainable management practices.

• Capacity-building for local decision-makers and 
their government teams, to plan the water and sanita-
tion sector with a participatory approach, involving all 
water-demanding sectors and service providers, based 
on evidence.

• Development of accessible and participatory digi-
tal platforms (publicly available), aimed at water service 
operators and large-scale users, to facilitate the integra-
tion of climate change impacts on the hydrological cy-
cle and to support the design of water resource preser-
vation goals.
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CONCLUSIONS

First, the descriptive presentation of these four relation-
al levels constitutes, as previously noted, a contribution 
to Luca Fiorani’s proposal for building a new paradigm of 
sustainable development that of Relational Sustainability17. 
The authors agree with the general outlines of this propos-
al and complement it with greater specificity by applying 
the four relational levels to the urban-rural water cycle.

The first two levels present methodological aspects for 
addressing complexity, a defining characteristic of sustain-
able development. The authors concur with Fiorani’s em-
phasis on the “relational,” that is, the understanding that 
complexity cannot be grasped through its components in 
isolation, but rather through their interrelations. This had 
already been timely proposed by systems thinking, which 
underscores the contemporary relevance of this scientific 
approach. Although Fiorani also advocates for “transdisci-
plinarity,” the systemic approach presented here proposes, 
first and foremost, a common language among the various 
disciplines involved in the understanding of a given reality 
conceived as a system with clearly defined boundaries and 
influencing factors. The authors believe that the field of 
interdisciplinarity when not merely declarative but oper-
ational, grounded in a shared language still has much to 
contribute in Latin America.

Focusing on the initial hypothesis, as anticipated in the 
discussion section, it cannot yet be confirmed or refuted 
due to a lack of conclusive results. However, honest indi-
cations have been presented that justify further, in-depth 
study, given the relevance that the relational approach may 
have for the sustainability of the urban-rural water cycle.

Looking to the future, it would be highly beneficial to 
link these contributions to the field of Technical Coopera-
tion. In this field, the logical framework approach prevails 
in project formulation, representing the final expression of 
sector-specific policies. In the logical framework process 
(which is essentially participatory), one of the diagnostic 
stages is the construction of “problem trees,” which, from 
the perspective of General Systems Theory (GST), corre-
spond to initial causal diagrams the logical basis of Forrest-

er diagrams.
A potentially very positive line of R&D work would be 

the case-based study of projects that systematically validate 
such causal diagrams or problem trees, as a way to model 
realities more closely and consistently with real-world con-
ditions. Applying this strategy to the other relational levels 
also appears relevant for advancing the verification of the 
initial hypothesis.

Finally, implementing a relational approach such as the 
one proposed requires leadership that, within the prov-
ince, has not yet clearly emerged. The weight of decades 
of inertia in the water sector with substantial inefficiencies 
across every point of the Urban-Rural Water Cycle (UR-
WC) poses a challenge to all involved sectors. Breaking 
this inertia and maintaining a clear path toward transfor-
mation is urgent, so that the social suffering caused by wa-
ter scarcity, crop failure, reduced productive capacity, and 
diminished tourism potential does not lead communities 
into conflict over a natural, public, and increasingly scarce 
resource conflicts in which the most vulnerable are always 
those who lose the most18.  

As a hopeful closing, affirming that change in this 
field is indeed possible, the following testimony is worth 
recording:

“I remember when we were implementing the improve-
ment plan in the Crespo municipal government back in 
2011. Mr. Martínez, the long-standing head of the munic-
ipal waterworks department, was always resistant to inno-
vation: Digitizing the drinking water network! Replacing 
the electric panels! From star-delta to smart starters (soft 
starters)! Substituting metal pipes with hoses for submers-
ible pumps! Installing phase sensors! Solar pressure switch-
es on the lines Telemetry!

— What for? — he would say. — It’s always worked fine 
the way it is... — he declared.

Until, two years later, he came to our office and said, in 
just a few words, the unthinkable:

— What you did here… this really works.
A true good omen for the future.
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