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The history of a town is often the history of its water. Managing and distributing water 
resources makes a huge impact on the transformation of the territory, even more so in 
contexts where water scarcity is increasing, either due to site specific geographic 
conditions, production dynamics or the effects of climate change. The urban and rural 
cores within the limits of the hydrographic basins introduce alterations to the hydric 
dynamics through logics of occupation and growth on the territory, and by the 
interaction of its pieces with the hydrological infrastructure. These logics are configured 
in a determined space-time, coexist in their current form and as a sequel to the territorial 
present. It is through temporality that they can be understood to determine their future 
in the urban-water system. 
Fluvial restoration and urban planning must have a boundary-driven, multi-scope 
approach: on the flows of the productive territory, the large agricultural areas, and the 
hydrological infrastructure. Dams, wells and canals must be fundamental elements in the 
restructuring. This article presents the case of the Nazas-Aguanaval hydrographic region. 
One of the main objectives of this research is to identify the agro-productive models of 
the basin and its dynamics with the hydrological infrastructure. 
The article shows that the water stabilization of the region depends on the urban 
restructuring of all its populations and its synergies with agro-productive processes, 
through the analysis of its logics sustained and modified over time. Temporality as a 
structural tool for analysis is essential to develop fluvial restoration strategies in basins 
under hydric stress. 
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numerous workshops and subjects on rural repopulation, and I have recently led the strategic plan for rural revitalization in Central 
Catalonia. From the Department of Urbanism and Regional Planning of the ETSAB I’m carrying out numerous research studies on 
this topic, and several exhibitions have been held on this topic. 
In parallel to this line of work, my concern about teaching architecture and improving the learning of university students gradually 
opened up a new field of research. In order to provide a more solid structure to this concern, in 2012 I founded, together with two 
colleagues, the new GILDA research group, “Group for Innovation and Teaching Logistics in Architecture”, of which I am director, 
and is considered an emerging group by the UPC. At the same time, the position of Head of Studies of the ETSAB during 2014-2018 
has allowed me to know the real possibilities of the implementation of teaching methodologies in undergraduate courses and to 
obtain some experiences that have contributed to improving teaching in the following years. 
The teaching innovation also involved the participation as PI of the ETSAB in the international project Erasmus+ “Confronting 
Wicked Problems. Adapting Architectural Education to the New Situation in Europe”, developed between 2015 and 2017, with the 
participation of different European schools in research on the relationship between university teaching and professional activity, 
which has resulted in the preparation of a document of criteria that I directed. 

a 

Barrios Avalos, J. J., & Franquesa Sánchez, J. (2023). Urban Restructuring of Agricultural
Productive Models in Hydrographic Basins Under Water stress. the Case of the Nazas
and Aguanaval Rivers. archiDOCT, 19(11 (1)).

https://futur.upc.edu/JordiFranquesaSanchez


1. Introduction   

In Mexico, high rates of hydric stress are observed in 
certain hydrographic basins due to the intense degree of 
pressure exerted on surface waters in conjunction with the 
contamination of aquifers. This is a consequence of the 
low integration of productive processes with the ecosystem, 
which finally causes alterations in the hydrological cycle. 
This phenomenon is more evident in mono-productive 
communities of agricultural and/or extractive scenarios. 
In particular, central and northwestern Mexico present a 

high degree of pressure on water resources. These regions 
use up to 40% of the available renewable water in the basin 
for agricultural production. In these areas, in addition to 
finding kilometers of irrigation canals woven between the 
agricultural fields that also cross the urban fabric, there are 
large dams for storage and distribution of water in order to 
serve the agricultural cycles of the irrigation districts. Ac-
cording to the estimates of the Food and Agriculture Orga-
nization (FAO, 2011) Mexico ranks 7th in the world classi-
fication of countries with the highest water extraction and 
percentage of agricultural use with a total of 87,84 thou-
sand million m3/year. Of this total, 76% is used for agricul-
tural activities (CONAGUA, 2018). According to the projec-
tions of the World Water Assessment Program (WWAP) of 
UNESCO, by the year 2050, agricultural activity will need to 
increase its production by 60% globally. Developing coun-
tries will need to increase production by 100%. 
Consequently, the values of virtual water for basic prod-

ucts suggest that the hydrographic basins should be pro-
tected and the communities within their limits restructured 
to safeguard the hydrological cycle. These values include: 
15.415 liters needed to produce 1 kilogram of beef, 1.222 
liters per kilogram of corn, and 1.000 liters of water needed 
to procure 1 liter of milk (Arreguín Cortés et al., 2007; 
CONAGUA, 2018). 
By determining water as the guiding axis of urban narra-

tive, this research leans towards a water efficient urbanism. 
To generate urban proposals compatible with basin restora-
tion, it is necessary to analyze the structure of the territory 
in all its components. In this field of territorial vision, the 
contributions of Xabier Eizaguirre (1990; 2019) are a valu-
able theoretical core, as well as the contributions of Solà-
Morales (1973; Manuel Solà-Morales, 1989) and Giuseppe 
Dematteis (2004). But also, practical approaches in the 
Mexican context, such as the efforts of Mario Schjetnan 
(2020) to value the roots of agricultural landscape and more 

specific analysis such as: Chairez Araiza (2005) in studying 
the impact of river regulation in the Laguna region. The 
objective is to combine the cartographic information avail-
able on indicators of water quality, degree of pressure on 
water resources, and agricultural production surfaces, with 
urban morphological information within the limits of the 
hydrographic basins, to build hydric-urban indicators and 
by them generate restructuring strategies for hydro-agri-
cultural infrastructure and urban restructuring plans. The 
foregoing, to reformulate the agricultural mono-productive 
models present in the basins under hydric stress, in models 
that contribute to the objectives of hydric stabilization. 
Theoretical approaches to urban planning through the 

use of the hydrographic basin as a unit of urban analysis 
are in constant evolution. Regarding analysis and manage-
ment, the next publications can be cited: (Dourojeanni et 
al., 2002), (Pallarés Serrano, 2007. From an instrumental 
view: (Leopold, 1968), (Hernández-Tapia, 2017), (Acosta et 
al., 2015), (Rotger, 2019), (Suárez López et al., 2014), 
(Duque & Echeverry, 2015), (Gómez et al., 2011). Also in 
the urban environment, there are approximations of a more 
epistemological order such as: (Vian et al., 2020), 
(Domínguez Serrano, 2013), (Escudé, 2010). 

2. Hydrological Region 36, Irrigation District 017        
and Irrigation Units    

Hydrological region 361 is composed by 5 main basins 
subdivided into 33 sub-basins (Table.01). Together, they 
contain an area of 90,634.65 km2, in a perimeter of 3,312.43 
km2. A total of 1.125 towns are located on this area, of 
which 1.058 are rural and 67 are urban.2 The sub-basin is 
the minimum unit of geospatial information provided by 
CONAGUA,3 falling outside smaller units such as the micro-
basin or the urban basin. The RH36 contains the defined4 

limits of 27 aquifers, of which 9 are overexploited. They 
are those located in the Laguna region where the largest 
amount of population in the hydrographic region is con-
centrated. 
The hydrographic system contains the Nazas and Agua-

naval rivers. Both endorheic5 channels flow into the low-
lands of the hydrological region where a set of lagoons were 
once located, now dried up, including the Mayran lagoon 
(Nazas river) and the Viesca lagoon (Aguanaval river). The 
lower zone of RH36 lacks a constant flow in the natural 
courses of the Nazas and Aguanaval rivers, due to the ef-
fects of climate change, but mainly due to the construction 

The hydrographic basins in Mexico (757) are organized into 37 hydrological regions (RH), these regions represent 13 administrative hy-
drological regions (RHA) (CONAGUA, 2018, p. 30). In this research, the RH is the study area limit because contains units defined by geo-
graphic relief and not by political-administrative boundaries such as the RH. 

In Mexico, the distinction between a rural and an urban town is made by its population size. This indicator, defined by the National In-
stitute of Statistics and Geography of Mexico, specifies that any community with more than 2,500 inhabitants is urban. 

National Water Commission. Mexico. 

The limits of the aquifers identified by CONAGUA do not coincide entirely with the limits of the hydrographic basins, however, they are 
close, making it possible to group them within the hydrographic region. 

Is a closed basin that drains internally into lakes or swamps. An exorheic basin drains to a river or the ocean. 
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of hydro-agricultural infrastructure between the decades of 
1940-1970, through the incorporation of dams and irriga-
tion canals. The hydro-agricultural infrastructure serves ir-
rigation district 017,6 located in the RHA Laguna Region 
VII, which extends over 71.964 has, 49.835 are irrigated 
with surface water, the rest with groundwater (CONAGUA, 
2018, p. 288). Additionally, irrigation units7 (UR) with a 
planted area of 295.723 has are added to this irrigated area. 
Paradoxically, despite the large amounts of water needed to 
produce milk, beef, or crops to feed cattle, the Laguna re-
gion is a large producer of dairy products and derivatives, 
dominant in Mexico and the American continent. This 
mono-productive cycle transforms the water resources of 
the RH36 into export products, compromising the return of 
the water in the basin to its natural cycle. 
The environmental problems of RH36 and DR017 are 

linked to poor management of water resources at the basin 
level. In addition to the scarcity of water in the Nazas and 
Aguanaval riverbeds in the lower basin, the aquifers have 
been at extreme levels of exploitation for decades that ex-
ceed recharge capacities due to the intensification of the 
pumping volume. The low availability of surface water is 
concentrated in 75% for small owners and 25% for ejido8 

communities (Cruz & Levine, 1998, p. 23). Under these cir-
cumstances, the rural-agricultural and urban-agricultural 
model of the region, (both of the mono-productive order) 
cause unsustainable stress for the hydrographic region. It is 
necessary to establish water balance strategies by reorder-
ing their models. 

3. Method   
Integration of geospatial data with hydric       
information  

Through GIS (Geographic Information System), the main 
vector data of water quality indicators and the degree of 
pressure on water resources provided by the SINA9 are inte-

grated. The superposition and geolocation of these indica-
tors facilitates the observation of basins with high values of 
hydric stress in their geographical limits. The incorporated 
data for reading the hydric alterations in the hydrographic 
basins are listed in Figure 1. 
Additionally, the analysis of water quality indicators is 

complemented by the publications: Estadísticas del agua en 
México 2018 and Atlas del agua en México 2018 in order to 
obtain a holistic view of the state of surface and groundwa-
ter. 

Construction of hydric-urban cartography     

To build hydro-urban cartographic information compat-
ible with the geospatial data of the hydrographic basins, 
and the available cultivation surfaces in the Mexican ter-
ritory, an organization and hierarchy of the information 
layers is carried out with the help of GIS software, using 
a multi-scale approach from the geographic to the urban 
scale. Geostatistical data in vector format provided by IN-
EGI, RAN10 and SINA are used. The information used is 
listed in Figure 2. 

Building footprint data generation     

In Mexico, building footprint vector data is not accessi-
ble on the INEGI open data system. At the cadastral level, 
cartographic information is decentralized,11 and conse-
quently depends on state and municipal administrations. In 
the RH36, the geospatial data of the buildings is not avail-
able in the majority of the cadastral institutes of the urban 
localities, nor in the rural communities of the basin. The 
efforts of the cadastral institutes are concentrated on ho-
mologating maps in raster format and do not have carto-
graphic databases under an open data standard.12 For this 
reason, for a morphological analysis of all the towns of the 
basin it is necessary to generate the building information. 

“The DR are irrigation projects developed by the Federal government since 1926, the year the National Irrigation Commission was created, and 
include various projects, such as storage vessels, direct diversions, pumping plants, wells, canals and roads, among others. To date there are 86 
DR” (CONAGUA, 2018, p. 107). 
"URs are agricultural areas with infrastructure and irrigation systems that are different from the irrigation districts and generally have a 
smaller area. They can be integrated by user associations or other figures of organized producers, who associate with each other to provide the 
irrigation service with autonomous management systems and operate the hydraulic infrastructure works for the collection, derivation, conduc-
tion, regulation and distribution and eviction of national waters destined for agricultural irrigation (CONAGUA, 2018, p. 110). 
Developed with the agrarian reform and the agrarian law from 1915, is a type of land demarcation in Mexico. The organization of the 
ejido is a structure of collective land, undivided and without the possibility of being sold or inherited. 

National Water Information System of Mexico. 

National Agrarian Registry. Mexico. 

"The different levels of knowledge of the staff of each institution, the unequal allocation of resources, the different purposes of each responsible 
institution, changes in government administrations, among other situations, have motivated each agency to establish its own rules for the re-
cruitment, generation, integration and dissemination of cadastral information that is within its competence, thereby implying that there is het-
erogeneous cadastral information, which makes its integration and exchange difficult" (INEGI, 2015a, p. 1) 
"There are municipalities that do not know their information in detail, do not have cadastral administrative records and do not safeguard and/
or document their activities with the level of detail that allows composing a cadastral trend or structure at the national level" (INEGI, 2015b, p. 
10) 
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Figure 1. SINA (Water Quality)    
Source: Author. Information from: CONAGUA (2018). 

Figure 2. Main available geostatistical information for RH36       
Source: Author. Information from: INEGI, RAN and SINA. 

There are multiple vector generation techniques based 
on the analysis of high-resolution images in raster format 
resulting from geospatial information (Gede et al., 2020). 
These methods include: semantic segmentation,13 neural 
networks,14 machine learning,15 or artificial intelligence.16 

All these technics can be used, in combination with GIS 

software for the extraction of vector information in specific 
geographic markers (Li et al., 2019), (Boos, 2018), (Borba 
et al., 2021). However, for the implementation of the men-
tioned tools, it is necessary to have high-resolution satel-
lite images, and in those cases where there are no high-
resolution records in the requested coordinates, manual 

“Semantic segmentation aims to assign a categorical label to every pixel in an image, which plays an important role in image understanding 
and self-driving systems” (Wang et al., 2018, p. 1451). 
"Neural networks are a wide class of flexible nonlinear regression and discriminant models, data reduction models, and nonlinear dynamical 
systems. They consist of an often large number of “neurons,” i.e. simple linear or nonlinear computing elements, interconnected in often com-
plex ways and often organized into layers" (Sarle, 1994, p. 1). 
"Machine-learning systems are used to identify objects in images, transcribe speech into text, match news items, posts or products with users’ 
interests, and select relevant results of search. Increasingly, these applications make use of a class of techniques called deep learning" (LeCun et 
al., 2015, p. 436). 
"It is the science and engineering of making intelligent machines, especially intelligent computer programs. It is related to the similar task of us-
ing computers to understand human intelligence, but AI does not have to confine itself to methods that are biologically observable" (McCarthy, 
2004, p. 2). 
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Figure 3. RH36 Multiscale hydro-urban analysis     
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vectorization is required. In order to generate the building 
information of the RH36 basins, a hybrid model is chosen, 
through the manual vectorization of medium resolution 
raster images and the use of semantic segmentation algo-
rithm OTB-Segmentation included in QGIS this method al-
lows obtaining a vectorial classification based on morpho-
logical profiles or basins. 

Urban and rural agricultural models      

In the context of this research, the model is composed by 
the urban or rural form of the community (streets, parcels, 
buildings), the productive agricultural surfaces, and their 
hydrological infrastructures. This composition enables a 
joint analysis of the productive flows and dynamics related 
to the consumption of water resources within the limits of 
the hydrographic basin. 

4. Urban restructuring    

With all the communities cataloged within the limits of 
the RH36, indicators are constructed combining the mor-
pho-typological characteristics and the consumptive uses 
of water. The generation of these hydric-urban markers en-
ables to visualize the territories under greater water pres-
sure with urban and productive dynamics incompatible 
with a fluvial restoration project. Through this analysis, 
strategic criteria can be established for regional urban re-
organization, in order to reduce the degree of pressure on 
water resources. 
The results of the analysis on the urban and rural com-

munities of the basin, based on the examination of the hy-
dric resources dynamics, enables a geographic-urban ap-
proach to urban planning rather than a 
political-administrative approximation. The local instru-
ments defined by the individual administrations of the 
states and municipalities should be adapted to the basin 
regulations, in the processes of city and housing construc-
tion. 
Finally, it is pertinent to establish that the restructuring 

must protect the project logics of the communities (Raffa, 
2022) that has best combined with the natural context in its 
temporal dimension (Bartorila & Loredo-Cansino, 2021). 
To achieve this, it is necessary to analyze the historical ur-
ban operations and fundamental transformations through 
their link with the use of water resources. 

Restructuring through analysis of morphological      
patterns and water availability     

The communities belonging to the basin must be re-
structured, according to their capacities, to provide pro-
tection to the regional hydrological cycle, and their im-
portance for the fluvial restoration of the rivers. 
Agro-productive models must adapt to a regional basin 
logic. The forms of settlement that mainly affect the 
riverbeds must be reorganized. For example: to reduce the 
dynamics of contamination and overexploitation of 
aquifers, it is necessary to build protection spaces on the 
riverbanks and main recharge areas of the basin. 

Restructuring of hydro-agricultural    
infrastructure  

Storage and distribution structures for water resources 
have the potential to offer regional ecosystem services. This 
quality is useful in territories under water stress. For exam-
ple: protected spaces can be generated in the lower zone 
of the RH36, these spaces can be planned as controlled ar-
eas for aquifer recharge. The modernization of dams, canals 
and wells is essential to promote water stability. This mod-
ernization must be carried out considering the construction 
dynamics and urban organization models. 

5. Conclusions   

As can be seen from the results obtained, the method-
ology developed in this research is applicable to various 
hydrographic contexts. The quality of the results will be 
related to the availability and accessibility of the informa-
tion in each case. It can be concluded that it is possible 
to integrate the databases of the main indicators of water 
quality and availability of water resources, with the data-
bases of urban systems, urban equipment, infrastructures 
and streets to determine the degree of pressure that the 
models of contemporary city, exert on water resources. The 
degree of pressure on water resources can be determined 
with the capabilities of the urban model to offer aquifer 
recharge surfaces, agro-productive models that allow the 
return of water to the ecosystem, and water-efficient con-
struction systems for buildings. 
In RH36, the proliferation of irrigation canals supported 

by the hydro-agricultural infrastructure has allowed the 
development of fluvio-dependent urban and rural models, 
with mono-productive tendencies, which have pushed the 
hydrographic reserves to the limit. These forms of an-
thropic organization are not compatible with a river 
restoration project for the Nazas and Aguanaval riverbeds, 
because their productive activities use water resources to 
generate products that do not allow the return of water to 
the hydrological cycle of the basin. The restructuring of all 
the RH36 communities implies the re-densification of their 
fabrics, the recategorization of productive spaces and the 
reconversion of obsolete infrastructures on a basin scale. 
Understanding the hydrological cycle of each basin al-

lows us to understand the natural elementary units of the 
fluvial morphology, and it is the task of a reordering strat-
egy to combine the built environment values with the water 
values, mainly in their materiality. It should also be noted 
that, although the basins are the unit of study selected 
for this research, these pieces are related on a larger scale 
to the contiguous basins, functioning as hydrographic re-
gions, until they reach the continental limits. The hydro-
logical cycle is finally a global cycle, and the elemental 
functionality depends on the understanding of the stages 
from its smallest scale to its maximum global levels. 
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Figure 4. Restructuring based on hydro-urban indicators      
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