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Abstract 

 

This report focuses on the hydrologic modeling of the Rio Conchos basin, a main 

Mexican tributary of the Binational Rio Grande basin. Located in the Mexican State of 

Chihuahua, the Rio Conchos basin provides about 55% of the water deliveries to the US 

under the 1944 water sharing treaty between Mexico and the US.  However, during 

drought periods, for instance in 1990s, water deficit under the 1944 treaty can occur. In 

order to answer several pressing questions related to water availability under future 

climatic conditions, a hydrologic simulation model has been developed for the Rio 

Conchos basin using the Water Evaluation and Planning (WEAP) modeling software.  

This report provides a description of the hydrological modeling of the Rio Conchos basin 

using the soil moisture method incorporated in WEAP.  The Rio Conchos hydrologic 

model reported here is an extension of the model previously reported in Amatto et al. 

(2006).  In this research, the calibration period for the model has been extended from a 

one-year period (1980) to a ten-year period (1980-1989) with appropriate adjustments to 

the model parameters.  In addition, a ten-year validation period (1990-1999) has also 

been added. 
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1. Introduction   

Changes in temperature and precipitation patterns as a consequence of the increase in 

concentrations of greenhouse gases may affect the hydrologic processes, water resources 

availability, and water available for agriculture, population, mining, industry, aquatic life 

in rivers and lakes, and hydropower. Climate changes will accelerate the global 

hydrological cycle, with an increase in the surface temperature, changes in precipitation 

patterns, and evapotranspiration rates. The spatial change in amount, intensity and 

frequency of precipitation will affect the magnitude and frequency of stream flows; 

consequently, it will  increase the intensity of floods and droughts, with substantial 

impacts on the water resources at local and regional levels. Global climate simulations 

indicate that precipitation will decrease in lower and mid latitudes and increase in high 

latitudes (IPCC, 2008). For instance, precipitation will decrease in part of North America 

(Mexico), central America and South America, Caribbean regions, sub tropical western 

coasts, and over the Mediterranean. Likewise, evaporation, soil moisture content, and 

groundwater recharge will also be affected. Consequently, drought conditions are 

projected in summer for sub-tropical regions, low and mid latitudes. These facts arouse 

the interest of many researchers to analyze these effects at the basin (local) scale. 

Additionally, at the local scale, to evaluate and quantify these impacts, technical 

procedures need be performed which include hydrological modeling, downscaling 

climate data, modeling water resources, and evaluating climate change scenarios to 

predict future water availability in the water system under study.  

 

Several hydrologic and climate change studies have been carried out in different regions 

of the world, such as in the Nile basin (Yates and Kenneth, 1998) and the Sacramento 

basin in California (Joyce et al., 2006); however, there are few studies about the effect of 

climate change on transbounday water resources, such as the Rio Conchos basin. This 

paper focuses on the hydrologic modeling of the Rio Conchos basin, a main Mexican 

tributary of the Binational Rio Grande/Bravo basin. Located in the Mexican State of 

Chihuahua (Figure 1), the Rio Conchos basin has a surface area of 67,808 km
2
.  It 

provides about 55% of the water deliveries to the USA under the water sharing treaty 
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signed between Mexico and the USA in 1944.  This represents the highest amount of all 

the Mexican tributaries considered on the 1944 treaty. However, during drought periods, 

for instance in 1990s, there can arise conflict and competition for the water resources in 

this basin, as consequence Mexico can accumulate a water deficit under the 1944 treaty. 

In addition, the hydrological behavior of the basin indicates recurrent periods of water 

stress, problems with long drought periods, allocation and release, and water pollution.  

Thus, the following questions arise: What will happen to the availability of water 

resources in this basin over the next 50 to 100 years taking account of climate change 

impacts in the basin? How will this water availability affect the water agreements signed 

between Mexico and USA? How will organizations involved in water resources 

management face this problem? What water policies will need to be implemented in 

order to face drought periods?  

 

To figure out the answers to these questions it is necessary to resort to models of planning 

and hydrologic simulation that can help us find answers to these questions. To this end, 

the Water Evaluation and Planning (WEAP) modeling software is used (SEI, 2006). 

WEAP has a hydrological module which is spatially continuous with areas configured as 

a set of sub-catchments that cover an entire river basin under study, considering them to 

be a complete network of rivers, reservoirs, channels, aquifers, demand points, etc. 

Likewise, this module includes a method to simulate catchment processes, such as 

evapotranspiration, runoff, and infiltration, as a dynamic integrated rainfall-runoff model 

including various components of hydrologic cycle.  

 

This report provides a description of the hydrological modeling in the Rio Conchos basin 

to assess climate change impacts using the Soil Moisture Method incorporated in WEAP.  

The Rio Conchos hydrologic model reported here is an extension of the model previously 

reported in Amatto et al. (2006).  In this research, the calibration period for the model has 

been extended from a one-year period (1980) to a ten-year period (1980-1989) with 

appropriate adjustments to the model parameters.  In addition, a ten-year validation 

period (1990-1999) has also been added. 
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Figure 1. Location of the Rio Conchos Basin 

 

1.1 Objectives 

To answer the questions formulated above, the present research has the following main 

objectives: 

 Model the hydrological behavior of the Rio Conchos basin (rainfall ï runoff); to 

this end, the soil moisture method incorporated in WEAP model is used 

(described in this report); 

 Downscale the climate data from 5 General Circulation Models (GCMs). Data 

from GCMs have coarse resolution; therefore, for increasing it, downscaling 

methods will be applied (in progress); 

 Simulate climate change emission scenarios A2 and  B1 on the water resources 

system in study (in progress); 

 Assess climate change impacts on water resources in basin and their effects on 

1944 Treaty between the United States and Mexico (in progress); and 
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 Simulate and evaluate water management scenarios that help to mitigate the 

climate change effects in the next 100 years (in progress) 

 

2. Climate and Land Use Data 

This sections discuss the monthly climate data used for 20 sub catchments located 

in the study basin (Figure 2); likewise, characterization and soil groups considered 

in the study are pointed.. 

 

Figure 2. Location of Catchments in the Study Basin 
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2.1 Climate Data 

 2.1.1 Precipitation 

Precipitation is one of the most important parameters in the hydrological simulation of a 

basin. In the Rio Conchos basin we can indentify three main areas: (1) A small region 

located about 2500 m above sea level composed by mountains with massive plateaus 

(Chihuahuan Sierra) in which the precipitation is around 1,000 mm per year on average; 

(2) A transition region, with an annual precipitation of about 450 mm per year, formed by 

valleys surrounded by mountainous areas; and (3) A desert zone at an altitude of about 

1200 m with an annual precipitation of around 300 mm per year (Kim and Valdes, 2002).   

 

For this study, daily precipitation from 1980 to 1999 (20 years) was used to calibrate and 

validate a hydrologic model of the basin in WEAP and to analyze its temporal behavior. 

These data were provided by the Mexican Institute of Water Technology (IMTA ) for 

control stations in each sub catchment (Gomez, Mejia, and Gutierrez, 2005), and monthly 

cumulative values were calculated in order to carry out the hydrological modeling. The 

observed range of monthly maximum values was between 200 to 310 mm (Figure 3). 

Likewise, the annual average is about 425 mm/year with seasonal variation indicating 

that the wet period is from June to September (Figure 4). On the other hand, rainfall 

shows spatial variation with altitude, with higher values in the Llanitos sub basin, 740 

mm/year on average, located in the upper basin. The lowest values are recorded in the 

Luis Leon and Peguis sub basins located in the lower basin, with annual averages of 

about 325 mm. In the middle basin, annual precipitation varies from 350 to 400 mm, with 

monthly averages ranging from 42.6 mm to 101.3 mm in June and August, respectively.  
















































































