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The classification of environmental objectives for environmental flow assessments 
was carried out based on the conceptual principles of the Mexican Norm NMX-AA-159-
SCFI-2012. In summary, this standard recognizes that the seasonal and interannual varia-
bility of the natural hydrological regime, in terms of attributes such as magnitude, fre-
quency, duration, timing, and rate of change, as well as its components of ordinary and 
extraordinary flows, are essential for the development of ecological processes, functions, 
and ecosystem services. It also acknowledges that as water resources are used and the 
regime is modified, the biological–ecological condition of the ecosystem degrades [13,17–
19]. Apart from the various environmental flow assessment methods used for water plan-
ning and management or research purposes (e.g., hydrological, ecohydrological, habitat 
simulation, or holistic approaches) [16,36,37], the environmental flows are assessed based 
on the assignment of environmental or management objectives. These objectives establish 
a balance between water uses, resource conservation, and dependent ecosystems [10,12]. 
The classification of environmental objectives for setting environmental flow recommen-
dations in regulatory instruments serves as the core of public policy in water administra-
tion and management. This is because it determines the level of integrity of the environ-
mental flow regime, which in turn underpins the legal framework for protection. 

In the Mexican case, an environmental objective represents ecological integrity, de-
fined as the degradation level of an ecosystem caused by human activities that triggered 
the loss or transformation of its structural and functional characteristics [11]. These objec-
tives are established, as a function of the pressure for water usage or demand in the basin 
and its ecological importance, in a combination of classes (Figure 1), where “A” implies a 
very good desired conservation state, “B” a good one, “C” a moderate state, and “D” a 
deficient state [12,13,17,18,38]. Thus, the model incorporates fundamental ecohydrological 
principles that emphasize the system’s dependence on the natural hydrological regime, 
as well as the ecological consequences of its alteration [10,39,40]. 

 
Figure 1. Matrix for the classification of environmental objectives. Source: Mexican Norm NMX-AA-
159-SCFI-2012. 

The classification of pressure for water use was based on the percentage relationship 
between availability and the volumes extracted for productive uses, losses due to evapo-
ration, and reservoir level variations (low ≤ 10%, medium ≥ 11%, high ≥ 40%, and very 
high ≥ 80% = high). It is important to note that for the existing water reserves for ecological 
protection, the volumes designated for this purpose were reintegrated into availability to 
conduct the assessment under the same conditions as the initial evaluation. Regarding the 
ecological importance, consideration was given to the presence of natural protected areas 
of any level (federal, state, municipal, or private), internationally important wetlands 
(Ramsar sites), and gaps or omissions in epicontinental aquatic conservation. Concerning 
the latter, at least 34 gaps and omissions were considered. The value was obtained from 
the central range theory of distributions to identify the sites with the highest concentration 
according to the frequency in the last quartile. Final classification of ecological importance 
was given based on the following criteria: very high if all three conditions are met = natu-
ral protected areas, Ramsar site, and ≥ 34 conservation gaps; high if at least two conditions 
are met; medium if at least one condition is met; and low if there are no protected natural 
areas, Ramsar site, and ≥ 34 conservation gaps [12,22]. Lastly, for the temporal analysis, 




