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a  b  s  t  r  a  c  t

In  northern  Mexico,  water  resources  management  has  become  a  challenging  task,  aggravated  by  the
vulnerability  of this  region  to  climate  change.  The  semiarid  Guadalupe  River  Basin  is under  additional
pressure  due  to  wine  production  and  drinking  water  supply.  We  have  applied  the SWAT  model  to  the
upper  section  of  this  basin  to  assess  the  impacts  of  several  climate  change  scenarios  on  its water  avail-
ability.  An overall  good  performance  was  obtained  (daily  and  monthly  NSE  values  of  0.66  and  0.86  for
calibration;  0.52  and  0.76  for validation).  Water  balance  and flow  components  prediction  was satisfac-
tory.  However,  although  peak  flows  were well  represented,  the  model  overestimated  discharge  during
low  flow  periods.  Once  evaluated,  high  and low  emissions  climate  change  scenarios  were  simulated  using
projections  based  on  CMIP3  for both  scenarios  and  for  short  (2010–2039)  and  long  term  (2070–2099)
obtained  from  the  Baja  California  Climate  Change  Action  Program.  Noticeable  impacts  of  climate  change
on river flow  were  obtained,  with  runoff  reductions  around  −45%  in  the  short  term,  but  up  to  −60%  in
the  long  term.  Main  drives  seem  to  be precipitation  reduction,  in addition  to  an  increasing  water  loss-  in
percentage-via  evapotranspiration.  Aquifer  recharge  is expected  to  decrease  up to −74%,  with a  conse-
quent  reduction  of  groundwater  flow.  We  also  quantified  the  differentiating  impacts  during  dry,  normal
and wet  years.  The  latter  was  the  most  affected  (annual  streamflow  reduction  up to −72%),  especially
during  winter  and  spring.  On  the  contrary,  a slight  runoff  increase  is expected  during  dry  years,  espe-
cially  during  summer.  These  runoff  reductions  were  supposed  to  be a huge  problem  for  a  region  where
pressure  on  water  resources  is  already  very  strong.  Our  model  framework  may  provide  water  managers
with an approximation  of  how  climate  change  possibly  can affect  water  availability,  serving  as  a  tool  to
test  further  scenarios.

© 2015  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Water resources management and planning around the world
have become a challenging task due to climate change uncertainties
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(Ficklin et al., 2013a) in addition to a global concern on its effects
in regions suffering from water scarcity (Mahmoud et al., 2014). In
arid and semiarid zones that face high inter-annual rainfall vari-
ability and scarcity of fresh water, which are commonly associated
to extreme events such as floods and droughts, the sustainable use
of this resource becomes a priority. In North America, drought con-
ditions have been persistent extending across Mexico (Stahle et al.,
2009) and the United States of America in single-regional and pan-
continental scales (Cook et al., 2014). At a local scale, the study
of extreme events becomes difficult since it is not easy to analyze
impacts with specific constrains such as groundwater availability
or crops irrigation.
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In Mexico, water resources have recently experienced rising
demands because of population growth, in addition to recurrent
droughts that have lasted for 20 years starting in 1994 (Stahle
et al., 2009). This situation is particularly severe in northern Mexico
(CONAGUA, 2013a), a region that covers approximately 50% of the
Mexican total surface area and, with a rapid economic growth. The
State of Baja California, northwest Mexico, is located in a semi-
arid region, which according to the Baja California Climate Change
Action Program report (PEACC, 2012), is particularly vulnerable to
climate change. The region is expected to diminish its annual aver-
age precipitation in a range of 10–20%, while its temperature is
projected to rise from 1.5 ◦C to 2.5 ◦C in the next 50 years (PEACC,
2012). Thus, management tools accounting for multiple environ-
mental stressors such as climate change are needed to assess the
future of hydrological resources in these regions. One such tool
is the Soil and Water Assessment Tool (SWAT). It is a physically
based, basin-scale, continuous-time, semi-distributed hydrological
model that uses spatially derived data on topography, land use, soil,
and weather for hydrology and water quality modeling and oper-
ates on a daily time step (Arnold et al., 1998; Arnold and Fohrer,
2005). SWAT has been widely and successfully used throughout the
world with different purposes such as planning and management of
water resources, modeling sediments and nutrients exports, evalu-
ating the effects of land use management or climate change in both
hydrology and water quality or agricultural issues (e.g. Ficklin et al.,

2013b; Molina-Navarro et al., 2014a; Napoli and Orlandini, 2015;
Nielsen et al., 2013; Savé et al., 2012). Recently, Gebremariam et al.
(2014) have evaluated different watershed models, finding SWAT
as the most suitable for scenario-testing because of its ease of use
and flexibility.

However, SWAT applications in Mexico are scarce in the sci-
entific literature. The model has been used for different purposes
in the south of the country (Inurreta-Aguirre et al., 2013; Salas-
Martínez et al., 2014), where precipitation is higher and there is
absence of water stress. Bueno-Hurtado et al. (2013) have applied
SWAT with hydrological purposes in arid zones of México, but
model performance results are not offered. The model has been
also used in some transboundary large watersheds located in the
Arizona-Mexico border (Nie et al., 2011; Niraula et al., 2012, 2015)
which have more data availability than the ones inland Mexico.
SWAT applications are more frequent in southwest United States,
mostly in large watersheds, addressing various objectives such as
modeling hydrology and water quality (Ficklin et al., 2013b), mod-
eling pesticide load (Luo et al., 2008) or assessing climate change
sensitivity (Ficklin et al., 2013c). Nevertheless, SWAT has not been
extensively used in this area yet, probably because of the difficulties
that this model presents when applied in arid and semiarid climate
rivers due to their spatial and temporal flow variations (Niraula
et al., 2012). Single-outlet calibration these rivers watersheds can
be misleading and thus spatial calibration based on data at multiple

Fig. 1. Location of the Guadalupe River basin in Baja California (Mexico).
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