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Natural availability of water is very low in many latitudes of the planet that exhibit an arid or semiarid climate. However, phenomena such as climate change could affect these regions even
more; so is very important to make an adequate management of water now, in order to minimize the adverse impacts in the near future. The northern part of Mexico, specifically the Hydrologic
Region “Closed Basins of the North”, in the State of Chihuahua, the Carmen river basin is located, water scarcity is its natural condition, so can be even deeply affected by changes in climate
(CNA, 2013). At the outlet of the upper zone of the basin, “Las Lajas” Dam is located; from this dam, the Irrigation District 089 El Carmen, is supplied of water. Considering these statements,

To assess the effects of changes in climate, throughout the analysis of rainfall
patterns, and modifications observed in the land natural coverage, in terms of
natural flows time series.

The upper basin of the Carmen River is located in the north - central portion of the State of Chihuahua
(Figure 1). This land area of just over 4,500 km2, from inception to where the dam “Las Lajas” is located at
the outlet (CNA, 1997). The predominant vegetation is natural pasture, Encino forest, Pine-Encino forest,
Encino-Pine forest, temporal agriculture and urban area (INEGI, 2005; INEGI, 2015). There were changes
in vegetation coverage from 1976 to 2000, mountainous area changed from primary forest to secondary
forest. Some flatter areas changed from natural grassland to scrubland, induced grassland or agricultural
area. Figure 2 shows the behavior of the annual precipitation, observing that from 1965 to 1992, the
average was 414.7 mm and from this last year to 2012 decreased to 350.2 mm.
Determination of natural flows:
Natural flow (Cp) in gauged basins is determined through the following expression derived from the
general mass conservation equation (SEMARNAT, 2015):
Cp = V2 + Exb + Ev – V1 + Ex - Im – R + ΔV

(1)

Where:
V1= gauged volume entering from the upstream basin
V2= gauged volume exiting to the downstream basin Exb= volume
of surface water extracted or diverted in the basin Ev= evaporation
Ex= exported volume
Im= imported volume
R= volume of return flows
ΔV= change in storage volume.

Runoff coefficient determination:
In order to determine the annual runoff coefficient (Ce), which expresses the rainfall-runoff ratio in a
hydrological basin, the annual volume of natural runoff (Ve), as well as the volume of water precipitated in
the basin (Vp), were used, according to the mathematical expression 3:
Ce = Ve / Vp

(2)

Figure 1. Location of the study area.

Natural flow without considering irrigation returns (Ir).
Figure 3 shows the behavior of the annual natural runoff obtained for the period from 1965 to 2012, an average of 62.93 hm3 was
obtained. The behavior of natural flows shows a rise in the first nine years of the time series, and then a period of stability until
2012. The average evolution (red line) shows enough consistency compare to the average of the complete period of analysis
(black discontinued line). Figure 4 shows the behavior of the annual runoff coefficient determined in basin. The trend of this
variable is clearly to increase in the period analyzed. Changes in the behavior of the runoff coefficient in the long term could be due
either to variations (increase or decrease) in the rainfall regime, or to changes in the vegetation cover. The rainfall regime could be
affected for climate change phenomen. Changes in vegetation cover could be originated by: (1) the continuous and progressive
decrease of precipitation, (2) lower groundwater levels in zones with phreatophyte vegetation, (3) human practices of over
utilization of vegetation by cattle, or (4) removal of natural vegetation cover, for the development of agricultural areas.

Figure 2. Annual Precipitation in the upper Carmen river
basin from 1965 to year 2012.

Figure 3. Annual natural flows determined for the period
from 1968 to 2012 year.

Figure 4. Behavior of runoff coefficient in the Carmen River
upper basin

Natural flows using the “Alternative
method”.
Rainfall in the basin shows a significant decrease
from 1993 to 2012 (Figure 2). As a result, natural
flows could be expected to decrease, however,
the average value of this variable tend to be
preserved in the period from 1965 to 2012 year
(Figure 3).
These finds an explanation when considering the
changes held in the physical media. The
vegetation cover in the upper basin of the
Carmen River has been modified in various
zones, causing an increase in the potential of
generation of runoff, resulting in the increase in
the runoff coefficient. This has allowed, despite
the decrease in precipitation manifested itself in
the last two decades of the analysis period, the
average natural runoff has been preserved.
The runoff coefficient increase that apparently
support the natural flows stability also represents
a diminishing in the infiltration rate into the
ground. This behavior alteration of the surface
system could have negatives effects in terms of
groundwater recharge in the future.

Tere were changes in the surface hydrologic system, in the precipitation regime and in the physical conditions. However, natural flows have preserved relatively stable, probably because the
decrease in annual rainfall was compensate by the increase in the values of the annual runoff coefficient (caused by the physical changes in the basin, or changes in the rainfall intensity).
Even natural flows does not shows notable changes as an annual average, the situation could be different in the future, especially if it is considered the modifications in rain patterns.
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