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Abstract

This report focuses on the hydrologic modeling of the Rio Conchos basin, a main
Mexican tributaryof theBinational Rio Grande basin. LocatedheMexican State of
Chihuahuathe Rio Conchos basin providalsout 55% othe water deliveries tthe US
underthe 1944 water sharintyeaty between Mexico anleUS. However, during

drought periods, for instanoe 1990s, water deficit under the 1944 treaty can occur. In
order to answer several pressing questions related to water availability under future
climatic conditions, &ydrologic simulatiormodel has been developed for the Rio
Conchos basin using tWéater Evaluation and Planning (WEAP) madel software.

This report provides a description of the hydrological modeling of the Rio Conchos basin
using the sil moisturemethodincorporated in WEAP. The Rio Conchos hydrologic
model reported here is an extemsof the model previously reported in Amagtioal

(2006). In this research, the calibration period for the model has been extended from a
oneyear period (1980) to a teyear period (1980.989) with appropriate adjustments to
the model parameters. &dldition, a teryear validation period (1990999) has also

been added.
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1. Introduction
Changes in temperature and precipitation patteraxassequence of the increase in
concentrations of greenhouse gases may affettyit@logc processs water resources
availability, and wateavailablefor agriculture, population, miningndustry, aquatic life
in rivers and lakes, and hydropower. Climate changes will accelerate the global
hydrological cycle, witranincrease in theurface temperature, changes in precipitation
patterns, and evapotranspiration safehe spatial change in amount, intensity and
frequency of precipitation will affect the magnitude and frequency of stream flows;
consequently, will increase the intertyiof floods and droughts, with substantial
impacts on the water resources at local and regional |&lelsal climate simulations
indicate that precipitation will decrease in lower and mid latitudes and increase in high
latitudes (IPCC, 2008Jor instaige, precipitation will decrease in part of North America
(Mexico), central America and South America, Caribbean regions, sub tropical western
coasts, and over the Mediterranelakewise, &aporation, soiimoisture contenand
groundwater recharge will ald affected Consequently, drought conditioase
projected in summer for sttbopical regions low and mid latitudesThesefacts arouse
the interest of many researchers to anatlgeseeffectsat thebasin(local) scale.
Additionally, at the local scale, evaluate and quantify these impadtschnical
procedureseed be performedhich includehydrological modeling, downscaling
climate datamnodelingwater resources, and evalingtclimate change scenarios to

predictfuture wateravailability inthe water systemanderstudy.

Several hydrologi@and climate changgtudies have been carried out in diffenagions

of the world such as in the Nile basin (Yates and Kenneth, 1888)he Sacramert
basinin California (Joye et al, 2006);however there are few studies about the effect of
climate changen transbounday water resourceisch as th&®io Conchos basiihis
paper focusson the hydrologic modelingf the Rio Conchos basirg mainMexican
tributaryof the Bnational Rio Grande/Bravoasin. locatedn theMexican State of
ChihuahugFigure 1) the Rio Conchos basin hasurface area d7,808 km?. It
providesabout 55%of the water deliveries tthhe USA underthewater sharingreaty



signed between Mexico dithe USA in 1944 This represents the higheshount of all

the Mexicantributariesconsidered on th&944treaty However, during drought periods,
for instance in 199 therecan ariseconflict and competition for the water resources in
this basin, asonsequence Mexiaman accumulatawater deficitunder 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 questionarise:What will happerto the availability ofvater

resources ithis basin ovethe next 5@o 100 years taking accouot climate change
impacsin the basinHow will this water availability affecthe wateragreements signed
between Mexico and USA? Howill organizations involved in water resources
management face this problem? What water policiesne@éld tdbe implemented in

order to face drought periods?

To figure out the answers to these questiorsnticessary to resort to models of planning
and hydrologic simulatiothatcan help us find answerstitese questiond o this end,

the Water Evaluation and Planning (WEAP) maugkoftwares used(SEI, 2006)

WEAP has a hydrological module which is gy continuous with areas configured as
a setof subcatchments that covanentire river basin under study, considering them to
be a complete network of rivers, reservoirs, channels, aquifers, demand points, etc.
Likewise, this module includesmethal to simulate catchment processash as
evapotranspiration, runofindinfiltration, as a dynamic integrated rainfalinoff model

including various components of hydrologic cycle.

Thisreportprovides a description of thaydrological modelingn the Rio Conchos basin

to assess climate change impacts usingtiieMoisture Methodncorporated iINWVEAP.

The Rio Conchos hydrologic model reported here is an extension of the model previously
reported in Amattet al (2006). In this research, the catibon period for the model has
been extended from a oiyear period (1980) to a tegrear period (198A989) with

appropriate adjustments to the model parameters. In additionyademalidation

period (19961999) has also been added.



Figure 1. Location of the Rio ConchosBasin

1.1 Objectives

To answer the questions formulated above, the present reseathb fakwingmain

objectives:

¢ Model the hydrological behavior of the Rio Conchos basin (rainfalhoff); to
this end, the soil moisture tt@d incorporated in WEAP modslused
(described in this report)

e Downscale the climate data from 5 General Circulation Models (GCMs). Data
from GCMs have coarse resolution; therefore, for increasidgwnscaling
methodswill be applied(in progres

e Simulate climé& change emission scenarios A2 @t on the water resources
system in studyin progres}

e Assess climate change impacts on water resources in basin and thesoeffect
1944 Treaty between the United States and Mefiicprogresy, and



e Simulate and evaluate water management scenarios that help to mitigate the

climate change effects in the next 100 ydarprogress

Climate and Land Use Data
This sections discuss the monthly climate data used for 20 sub catchments located
in the stuly basin Figure 2); likewise, characterization and soil groups considered

in the study are pointed..
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Figure 2. Location of Catchments in the Study Basin



21 Climate Data

2.1.1 Precipitation
Precipitation is one of the most important parameters in the hydrological simulation of a
basin.In theRio Conchos basiwe canindentify three maimareas (1) A small region
locatedabout2500 m above sea level composedimuntairswith massive plateaus
(Chihuahuan Sierjan whichthe precipitation is around 1,000 npar year on average;
(2) A transition region, with an annual precipitation of about 450pemyear, formed by
valleys surroundelly mountainousireasand(3) A desert zone at an altitudéabout
1200 m with an annual precipitation of around 300 panyearKim andValdes 2002).

For this study, dily precipitationfrom 1980 to 199920 year¥wasused tocalibrateand
validatea hydrologic model of the basin WEAP andto analyzets temporalbehavior
Thesedatawere provided by the Mexican Institute of Water Technoldy @ ) for
control stations irrach sub catchme@@omez, Mejia, and Gutierrez, 200&hd monthly
cumulativevalues werealculatedn order to carry out the hydralacal modelingThe
observed range of amthly maximum valuewas betwee200 to 310 mn{Figure 3).
Likewise, the annuaverage igbout425 mm/yearwith seasonal variation indicating
that thewet period is fran June to Septembéfigure4). On the other handainfall
showsspatial variation with altitudeyith higher values in thelanitossub basin740
mm/year on averag&cated in the upper basifihe lowest values are recorded in the
Luis Leon and Pegusub basins located in the lomleasin, with annual averagef
about325 mm.In the middle basin, annual precipitation varies from 350 to 400vmtm,

monthlyaverags rangingfrom 42.6 mm to 101.831min June and Augustespectively.
























































































































