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RESUMEN

En este trabajo se analizan en detalle los parámetros implicados en el balance hídrico. Se consideran las 
condiciones actuales y el cambio climático en una zona representativa de clima árido en Colombia: la región 
fgufitvkec"fg"Wtkdkc"gp"gn"fgrctvcogpvq"fg"Nc"Iwclktc0"Eqp"guvg"Ýp"ug"ugngeekqpctqp"cniwpcu"guvcekqpgu"enk-
matológicas que, de acuerdo con los valores registrados de temperatura y precipitación, pueden considerarse 
representativas de áreas climáticas áridas o desérticas según el índice de Lang (PCP/Tavg). Se construyó una 
línea de referencia a partir de los registros históricos de precipitación y temperatura y se analizó su comporta-
miento. Los datos de las estaciones se obtuvieron de la base de datos del Instituto de Hidrología, Meteorología 
y Estudios Ambientales de Colombia. Después de calcular los escenarios de referencia, se estimó el balance 
hídrico actual tomando en cuenta las variables originales e incluyendo, cuando fue necesario, nuevos paráme-
vtqu"rctc"gn"eƒnewnq"fg"nc"gewcek„p"ukornkÝecfc"fg"eqpvkpwkfcf0"Gn"cpƒnkuku"kpenw{„"rctƒogvtqu"eqoq"rqvgpekcn"
fg"gxcrqvtcpurktcek„p."jwogfcf"fgn"uwgnq."cnocegpcokgpvq"q"tgectic"{"uwu"ecodkqu."ffiÝekv"{"gzeguq"j‡ftkeq."
escorrentía, periodos de recarga y uso del agua. Las anomalías de temperatura y precipitación se calcularon 
tomando en cuenta los nuevos escenarios climáticos “trayectorias representativas de concentración” para 
diferentes periodos (de corto y largo plazo). Con las anomalías encontradas se ajustó la línea de referencia 
rctc"ncu"xctkcdngu"ogpekqpcfcu"cpvgtkqtogpvg."{"nqu"rctƒogvtqu"cuqekcfqu"ug"cpcnk¦ctqp"gp"gn"eqpvgzvq"fgn"
dcncpeg"j‡ftkeq0"Gp"guegpctkqu"fg"ecodkq"enkoƒvkeq."gn"dcncpeg"j‡ftkeq"rtq{gevc"wpc"rqukdng"kpvgpukÝecek„p"
de las condiciones desérticas en la región de Uribia-Guajira, ya que se espera una disminución en el índice 
de Lang de su valor actual de 18.7 (desértico) a 17 en 2050 y 14.5 en 2070, como resultado de una reducción 
de las precipitaciones (2.4 y 11%) y un incremento de la temperatura anual promedio de alrededor de 1.7 
ºC con el modelo HadGEM2-ES para el periodo 2041-2060 y de 3.7 ºC con el modelo GFDL-CM3 para el 
rgtkqfq"4283/42:20"Guvq"ug"eqortwgdc"ogfkcpvg"nc"encukÝecek„p"enkoƒvkec"fg"Vjqtpvjyckvg."swg"vkrkÝec"gn"
ƒtgc"fg"guvwfkq"eqoq"wpc"¦qpc"ƒtkfc"eqp"tgewtuqu"j‡ftkequ"nkokvcfqu"{"ukp"gzegfgpvgu0"Guvg"ffiÝekv"rqft‡c"
acarrear graves consecuencias ambientales, problemas sociales y declinación de la productividad agrícola e 
industrial de la región.

ABSTRACT

Vjku"yqtm"fkuewuugu"kp"fgvckn"vjg"rctcogvgtu"kpxqnxgf"kp"ycvgt"dcncpeg0"Vjg"cpcn{uku"ku"rgthqtogf"d{"eqp-
sidering the current conditions and climate change in a climatic zone that represents the arid regions of Co-
lombia: The municipality of Uribia (desert) in the state of La Guajira. For this purpose, some climatological 
uvcvkqpu."yjkej"d{"vjgkt"tgrqtvgf"xcnwgu"qh"vgorgtcvwtg"cpf"rtgekrkvcvkqp"ecp"dg"eqpukfgtgf"tgrtgugpvcvkxg"
qh" vjg"ctkf"qt"fgugtv"enkocvke"¦qpgu"ceeqtfkpi" vq" vjg"NcpiÓu" kpfgz"*RER1Vavg+."ygtg"ugngevgf0"Vjgp."ykvj"

Cvo„uhgtc"52*3+."85/98"*4239+
fqk<"32042;591CVO04239052023028"

Æ"4239"Wpkxgtukfcf"Pcekqpcn"Cwv„pqoc"fg"Ofizkeq."Egpvtq"fg"Ekgpekcu"fg"nc"Cvo„uhgtc0" 
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jkuvqtkecn"vgorgtcvwtg"cpf"rtgekrkvcvkqp"xcnwgu"tgikuvgtgf"cv"vjg"uvcvkqp"qh"vjg"ctgc."vjg"dcugnkpg"ycu"dwknv"
cpf"kvu"dgjcxkqt"cpcn{¦gf0"Vjg"uvcvkqp"fcvc"ygtg"qdvckpgf"htqo"vjg"fcvcdcug"qh"vjg"Kpuvkvwvq"fg"Jkftqnqi‡c."
Meteorología y Estudios Ambientales (Institute of Hidrology, Meteorology and Environmental Studies) of 
Eqnqodkc0"Chvgt"guvkocvkpi"vjg"dcugnkpg"uegpctkqu."vjg"ewttgpv"ycvgt"dcncpeg"qp"vjg"ukvg"ycu"ecnewncvgf"d{"
vcmkpi"kpvq"ceeqwpv"vjg"qtkikpcn"xctkcdngu"cpf"kpenwfkpi"pgy"rctcogvgtu."kh"pgeguuct{."hqt"vjg"ecnewncvkqp"qh"
vjg"ukornkÝgf"eqpvkpwkv{"gswcvkqp0"Vjg"cpcn{uku"kpenwfgf"rctcogvgtu"uwej"cu"rqvgpvkcn"cpf"cevwcn"gxcrqvtcpu-
rktcvkqp."oqkuvwtg"qh"uqkn."uvqtcig"qt"tgejctig"cpf"vjgkt"ejcpigu."ycvgt"fgÝekv"cpf"gzeguu."twpqhh."rgtkqfu"qh"
tgejctig."cpf"ycvgt"wug0"Cpqocnkgu"kp"vgorgtcvwtgu"*³E+"cpf"rtgekrkvcvkqp"ygtg"ecnewncvgf"d{"vcmkpi"kpvq"
ceeqwpv"vjg"pgy"enkocvg"uegpctkqu"Ðtgrtgugpvcvkxg"eqpegpvtcvkqp"rcvjyc{uÑ"hqt"fkhhgtgpv"rgtkqfu"*ujqtv/"cpf"
nqpi/vgto+0"Ykvj"vjg"cpqocnkgu"kfgpvkÝgf."vjg"dcugnkpg"hqt"vjg"cdqxg/ogpvkqpgf"xctkcdngu"ycu"cflwuvgf0"Cickp."
vjg"cuuqekcvgf"rctcogvgtu"ygtg"cpcn{¦gf"cpf"fkuewuugf"kp"vjg"eqpvgzv"qh"ycvgt"dcncpeg0"Kp"enkocvg"ejcpig"
uegpctkqu."vjg"ycvgt"dcncpeg"rtqlgevu"c"rtqurgevkxg"gzcegtdcvkqp"qh"fgugtv"eqpfkvkqpu"kp"vjg"Wtkdkc/Iwclktc"
tgikqp."ukpeg"c"fgetgcug"kp"vjg"NcpiÓu"kpfgz"htqo"kvu"ewttgpv"xcnwg"qh"3:09"*fgugtv+"vq"3902"kp"4272"cpf"3607"
kp"4292"ku"gzrgevgf."cu"c"eqpugswgpeg"qh"c"fgetgcug"kp"rtgekrkvcvkqp"*406"cpf"3302'+"cpf"cp"kpetgcug"kp"cp-
pwcn"vgorgtcvwtg"qh"cdqwv"309"³E"ykvj"vjg"JcfIGO4/GU"oqfgn"hqt"vjg"rgtkqf"4263/4282"cpf"509"³E"ykvj"
vjg"IHFN/EO5"oqfgn"hqt"vjg"rgtkqf"4283/42:20"Vjku"ecp"dg"xgtkÝgf"d{"ogcpu"qh"vjg"Vjqtpvjyckvg"enkocvg"
encuukÝecvkqp."yjkej"ecvgiqtk¦gu"vjg"ctgc"qh"uvwf{"cu"cp"ctkf"¦qpg"ykvj"nkokvgf"cpf"pq"gzeguu"qh"ycvgt0"Vjku"
fgÝekv"eqwnf"ngcf"vq"ugtkqwu"gpxktqpogpvcn"eqpugswgpegu."uqekcn"rtqdngou"cpf"c"fgenkpg"kp"vjg"kpfwuvtkcn"cpf"
agricultural productivity of the zone.

Keywords:"Ekocvg"ejcpig."ycvgt"dcncpeg."enkocvke"uegpctkqu."ctkf"¦qpgu0

1. Introduction

According to the Intergovernmental Panel on Climate 
Change (IPCC, 2013), the increase of greenhouse 
icugu"kp"vjg"cvoqurjgtg"oc{"jcxg"cp"kpÞwgpeg"qp"vjg"
mean gnqdcn"yctokpi"qh"vjg"GctvjÓu"uwthceg"ykvjkp"vjg"
range of 0.5 to 1.3 ºC during the period 1951-2010. 
Tgictfkpi"vjg"pcvwtcn"kpvgtpcn"xctkcdknkv{."kv"ku"gzrgevgf"
that average annual and seasonal temperature increases 
yknn"dg"jkijgt"kp"vjg"vtqrkeu"cpf"uwdvtqrkeu"vjcp"kp"vjg"
mid-latitudes. For the period 2081-2100, the average 
GctvjÓu" vgorgtcvwtg" ku"gzrgevgf" vq"dg" kp" vjg" tcpigu"
fgtkxgf"htqo"vjg"pgy"enkocvg"ejcpig"uegpctkqu"dtqwijv"
kpvq"eqpukfgtcvkqp."vjcv"ku."ykvj"kpetgcugu"qh"205/309"³E"
(RCP 2.6), 1.1-2.6 ºC (RCP 4.5), 1.4-3.1 ºC (RCP 6.0), 
cpf"408/60:"³E"*TER":07+0"Nkmgykug."d{"vjg"gpf"qh"vjg"
century the average annual precipitation estimated for 
vjg"TER":07"uegpctkq"ku"gzrgevgf"vq"kpetgcug"kp"jkij"
ncvkvwfgu"cpf"kp"vjg"gswcvqtkcn"RcekÝe"Qegcp."yjkng"kv"
could decrease in many dry zones in mid-latitudes and 
subtropics. This scenario also suggests huge impacts 
kp"¦qpgu"ykvj"enkocvgu"ukoknct"vq"vjg"uvwf{"ctgc0"Ctkf"
and semi-arid regions in mid-latitudes and subtropics 
ctg"nkmgn{"vq"jcxg"nguu"tckp."jgpeg."kv"ku"guvkocvgf"vjcv"
hqt"gcej"fgitgg"qh"inqdcn"yctokpi."crrtqzkocvgn{"9'"
qh"vjg"inqdcn"rqrwncvkqp"yknn"dg"gzrqugf"vq"c"tgfwevkqp"
of at least 20% in hydric resources (IPCC, 2013, 2014; 
Jiménez Cisneros et al., 2014).

This results in alterations of the hydrological cy-
cle, such as increase or reinforcement of evaporation 

due to higher temperatures, and an increase in ac-
vwcn."inqdcn"cpf"tgikqpcn"gxcrqvtcpurktcvkqp."yjkej"
yknn"dg"chhgevgf"d{"xctkcvkqpu"kp"rtgekrkvcvkqp"ngxgnu."
spatiotemporal changes in rain distribution, values of 
daily temperature, aerosols concentration, alteration 
qh" pgv" tcfkcvkqp." xcrqt" rtguuwtg" fgÝekv." cpf"ykpf"
speed (IPCC, 2007; Bates et al., 2008; Fu et al., 2009; 
McVicar et al., 2010; Miralles et al., 2011; Wang A. 
gv"cn0."4233="Mwpf¦gyke¦"gv"cn0."4229+0"Vjgug"hgcvwtgu"
eqwnf"jcxg"c"pgicvkxg"kpÞwgpeg"qp"vjg"ycvgt"uqwtegu0

Among the main factors that have an effect on 
vjg"pcvwtcn"ycvgt"uwrrn{"cpf"kvu"swcnkv{."qvjgt"vjcp"
enkocvg."yg"oc{"Ýpf"ejcpig"kp"ncpf"wug."ycvgt"fco-
ming for different activities, polluting emissions in 
vjg"cvoqurjgtg."vtgcvogpv"qh"ycuvgycvgt."cpf"uqekcn."
economic and technological changes and their respec-
tive relations, including lifestyle changes (van Vuuren 
et al., 2012; IPCC, 2007). Furthermore, the demand 
of the hydric resource for its use and consumption 
directly affects the demographic factor, food security 
and sovereignty, politics, economy, technology, life-
uv{ng"cpf"ycvgt"eqpuworvkqp"rtkqtkvkgu"*KREE."4229+0"
Among these non-climatic factors, land use change 
uvcpfu"qwv."ukpeg"kv"eqwnf"ukipkÝecpvn{"chhgev"ftkpmkpi"
ycvgt"u{uvgou0"Hqt"gzcorng."uqkn"fgitcfcvkqp"cvvtkd-
wvcdng"vq"wtdcp"cevkxkvkgu"eqwnf"kpetgcug"vjg"tkumu"qh"
Þqqfu"cpf"fgetgcug"vjg"cswkhgt"tgejctig."fwg"vq"vjg"
settlement of communities near the channels or the 
limitation of recharge from natural ground currents 
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as a consequence of compaction or other impacts 
resulting from urbanization, apart from disturbing 
vjg"pcvwtcn"u{uvgou0"Ukoknctn{."tgictfkpi"htgujycvgt"
systems, using land for agriculture in the future, in 
rctvkewnct"hqt"kttkicvkqp."yjkej"tgrtgugpvu"cnoquv";2'"
qh"vjg"inqdcn"fgocpf"qh"ycvgt."yknn"ugxgtgn{"korcev"
its availability for domestic use and the proper func-
tioning of ecosystems (Döll, 2009). 

Itqwpfycvgt" u{uvgou" ejcpig" cv" c" unqygt" rceg"
vjcp"ycvgt"cxckncdng"kp"vjg"uwthceg0"Uvwfkgu"tgictfkpi"
enkocvg"ejcpig"vq"cuuguu"cpf"cpcn{¦g"itqwpfycvgt"
systems are limited, information is scarce and there 
is no access to the databases necessary for their study 
cpf"cpcn{uku0"Ogcpyjkng."ftqwijvu"chhgev"citkewnvwtg"
kp"vgtou"qh"swcnkv{"cpf"swcpvkv{."jcxkpi"c"fktgev"kpÞw-
gpeg"qp"hqqf"ugewtkv{"cpf"uqxgtgkipv{."ycvgt"uwrrn{"
for the consumption of different productive sectors 
and others. Semi-arid and semi-humid regions around 
vjg"yqtnf"cu"Cwuvtcnkc."vjg"yguv"qh"vjg"WUC."vjg"uqwvj"
of Canada and the Sahel have suffered very long 
ftqwijvu"Ïkp"uqog"ecugu"fwtkpi"ocp{"{gctu"ykvj"
different intensities— but climate change can affect 
vjgo." ukpeg" kv" ku" gzrgevgf" vjcv" ftqwijv" eqpfkvkqpu"
increase by about 30% by the end of the century 
*Mwpf¦gyke¦"gv"cn0."4229+0

In Colombia, according to the Instituto de Hi-
drología, Meteorología y Estudios Ambientales 
(Institute of Hidrology, Meteorology and Environ-
mental Studies) (IDEAM, 2010), in the state of 
Guajira and some other regions of the Caribbean, 
vjgtg"ctg"ctgcu"yjgtg"ycvgt"ku"jkijn{"fgÝekgpv."g0i0."
to the south of the Sierra Nevada de Santa Marta 
and in the sub-basins of the Magdalena and Cauca 
rivers, corresponding to the high parts of the basin; to 
the Savannah of Bogotá; to the Alto Cauca, and to the 
basin of the Chicamocha river. When a dry climatic 
eqpfkvkqp"qeewtu"*cxgtcig"{gct+."vjg"ycvgt"{kgnf"tg-
fwegu"ukipkÝecpvn{"cu"eqorctgf"vq"pqtocn"eqpfkvkqpu0"
Kp"rctvkewnct."c"ukipkÝecpv"tgfwevkqp"ku"qdugtxgf"kp"vjg"
Ectkddgcp."oqtg"urgekÝecnn{"kp"vjg"Iwclktc0

The natural supply (availability) of the hydric re-
source in an average year and a dry year has regional 
differences that are important to discriminate. In the 
hydrographic area of the Caribbean, the reduction of 
the natural supply of this resource varies for these 
eqpfkvkqpu"dgvyggp"68'"kp"Cvtcvq/Fctkfip"cpf"95'"
in Catatumbo. Within the same area, in the Urabá 
Antioqueño this difference is of 68%, in Sinú of 59%, 
and in the Guajira of 63% (IDEAM, 2010).

On the other hand, IDEAM (2015a) suggests that 
the main reductions in precipitations by the end of 
vjg"egpvwt{"yknn"qeewt"kp"vjg"uvcvgu"qh"Ucp"Cpftfiu"cpf"
Providencia, Magdalena, and Guajira. This report 
also estimates that in the average ensemble scenario, 
potential droughts may occur in the north of Cesar, 
Magdalena and Guajira by 2100. Furthermore, it is 
suggested that the probability of a shortage of food 
harvested in the region could increase. The hydric 
shortage could affect sectors such as agriculture, and 
kp"rctvkewnct"uvqemdtggfkpi."cu"ygnn"cu"vjg"gpgti{"cpf"
tourism sectors in the Caribbean (IDEAM, 2015a).

Vjku"uvwf{"ckou"vq"fgvgtokpg"vjg"ycvgt"dcncpeg"
under climate change scenarios (RCP 4.5 and RCP 
:07+" kp" vyq"rgtkqfu"qh" vkog"*4263/4282"cpf"4283/
2080), based on the validation and modeling of the 
climatic and hydrologic parameters that are distinc-
vkxg" qh" c" tgikqp"yjkej" tgrtgugpvu" gzvtgog" fgugtv"
conditions in Colombia, in order to describe the 
korcev"qh" uwthceg"cpf"itqwpfycvgt"cxckncdknkv{"qp"
ecosystems, domestic use, and the productivity of 
the primary and industrial sectors.

2. Materials and methods

403"Fguetkrvkqp"qh"vjg"uvwf{"ctgc
An area that represents the arid and desert condi-
vkqpu"kp"Eqnqodkc"ycu"ugngevgf"kp"qtfgt"vq"cpcn{¦g 
cpf"cuuguu"vjg"rctcogvgtu"kpxqnxgf"kp"ycvgt"dcncpeg"cpf 
the effects of climate change in such region. The 
area selected corresponds to a desert zone initially 
encuukÝgf"ceeqtfkpi"vq"vjg"NcpiÓu"kpfgz"*KL) or the 
tcvkq"dgvyggp"cppwcn"rtgekrkvcvkqp"*RER+"cpf"cxgtcig"
temperature (Tavg) (Table I), located in the munici-
pality of Uribia in the state of Guajira.

To describe the climate in the study area and 
gncdqtcvg" kvu"dcugnkpg."c"enkocvqnqikecn"uvcvkqp"ycu"
ugngevgf."yjkej" tgrtgugpvgf" vjg"¦qpg"cpf"cnuq"jcf"

Vcdng"K0"Enkocvke"¦qpgu"ceeqtfkpi"vq"NcpiÓu"kpfgz"*RER1
Tavg).

IL Zone

0-20 Desert
20-40 Arid
40-60 Wet zone of steppe and savannah
60-100 Wet zone of sparse forest
100-160 Wet zone of dense forest
>160 Xgt{"ygv"¦qpg"qh"itcuuncpf"cpf"vwpftc

Uqwteg<"Cnoqtqz."42250
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jkuvqtkecn" tgeqtfu"ykvj" tgngxcpv" xctkcdngu." uwej" cu"
Tavg."oczkowo"cpf"okpkowo" vgorgtcvwtg" *Vocz, 
and Tmin, respectively), PCP, and evaporation (Ev), 
among others. The baseline covers the period be-
vyggp"3;98"cpf"42270"Vjg"fcvc"ygtg"qdvckpgf"htqo"
the IDEAM database.

404" Ecnewncvkqp" qh" ycvgt" dcncpeg" rctcogvgtu" kp"
normal conditions

Water balance is considered an essential tool to 
nqecvg" cpf" guvcdnkuj" etqru." vtcem" vjgkt" itqyvj" cpf"
development, and program and perform hydraulic 
kphtcuvtwevwtg"yqtmu"*g0i0."kphtcuvtwevwtg"hqt"kttkicvkqp"
and drainage, program activities for management and 
kttkicvkqp." gve0+0" Kh." hqt" gzcorng."ycvgt" cxckncdknkv{"
to perform agricultural activities in any location de-
pends on precipitation and its resupply of moisture 
vq"vjg"uqkn."vjg"Þwevwcvkqpu"dgvyggp"rtgekrkvcvkqp"cpf"
gxcrqvtcpurktcvkqp"*yjkej"ctg"guugpvkcn"eqorqpgpvu"
hqt"ycvgt"dcncpeg+."yknn"kpÞwgpeg"vjg"cxckncdknkv{"qh"
ycvgt"hqt"vjg"etqru0

In order to assess the parameters involved in 
ycvgt" dcncpeg" *qvjgt" vjcp" vjg" xctkcdngu" cntgcf{"
analyzed), it is necessary to consider the potential 
evapotranspiration (GVq). To calculate GVq, the FAO 
Rgpocp/Oqpvgkvj"ogvjqf"ycu" vcmgp" kpvq" ceeqwpv"
*HCQ."42;+."yjkej"ku"vjg"qpn{"ogvjqf"tgeqoogpfgf"
to determine GVq"ykvj"enkocvke"rctcogvgtu"*Gs0"3+0

ETo = 
0.408∆ (Rn – G) + γ

∆ + γ (1 + 0.34U2)

U2 (es – ea)
900

T + 273  (1)

yjgtg"GVq represents the baseline evapotranspiration 
(mm day–1), Rn the net radiation in the crop surface 
(MJ m–2 day–1), G"vjg"uqkn"jgcv"Þqy"*OL"o–2 day–1), 
V the air average temperature at a 2-m height (ºC), 
U2" vjg"ykpf" urggf"cv" c"4/o"jgkijv" *o"u–1), es the 
ucvwtcvkqpÓu"xcrqt"rtguuwtg"*mRc+."ea the actual vapor 
rtguuwtg"*mRc+."es – ea"vjg"xcrqt"rtguuwtg"fgÝekv"*mRc+."
〉"vjg"unqrg"qh"vjg"xcrqt"rtguuwtg"ewtxg"*mRc"³E–1), 
and け"vjg"ru{ejtqogvtke"eqpuvcpv"*mRc"³E–1).

Vjg" guvkocvkqp"ycu"ocfg"ykvj" vjg" jgnr" qh" vjg"
Etqrycv" :02" uqhvyctg." yjkej" tgswktgu" nqecvkqp"
data, such as country, station, altitude, coordinates 
(longitude and latitude); it also requires climatic 
fcvc"uwej"cu"oczkowo"cpf"okpkowo"vgorgtcvwtg."
tgncvkxg"jwokfkv{."ykpf"urggf"cpf"kpuqncvkqp"qt"jqwtu"
of sunlight.

After obtaining the monthly value of PCP and 
GVq." qvjgt" xctkcdngu" qh" vjg"ycvgt" dcncpeg"ygtg"
ecnewncvgf0"Vjku"eqpukuvgf"kp"fgÝpkpi"vjg"hqnnqykpi"
rctcogvgtu"*kp"oo+<"vjg"fkhhgtgpeg"dgvyggp"rtgekr-
itation and evapotranspiration (PCP – GVq"]〉_+="vjg"
tgugtxg"qt"uvqtcig"qh"wucdng"ycvgt"T*Uvq+="vjg"fgÝekv."
gzeguu."cpf"xctkcvkqp"kp"vjg"tgugtxg"qt"uvqtcig"qh"wu-
cdng"ycvgt"*Fgh."Gze"cpf"〉T"]〉Uvq_."tgurgevkxgn{+="
the actual evapotranspiration; the replacement (R); 
and the usage (U).

Jgpeg."kv"ycu"xgtkÝgf"kh"GVq"ycu"jkijgt"qt"nqygt"
than PCP in the period considered (PCP – GVq"?"〉+0 
Vjg" fkhhgtgpeg" qt" tguwnv" encuukÝgf" vjg"oqpvju" cu"
hqnnqyu<"ft{"oqpvju"kh"*RER"Î"GVq < 0) and humid 
months if (PCP – GVq"@"2+0"Vq"fgÝpg"vjg"T*Uvq+"qh"
wucdng"ycvgt." vjg" hqnnqykpi" ku" vcmgp" kpvq" ceeqwpv<"
yjgp"oqtg" kprwvu" vjcp"qwvrwvu" ctg" rtqfwegf" kp" c"
month, (PCP > GVq+."uwtrnwu"ycvgt"yknn"kpetgcug"vjg"
soil reserve; on the contrary, if there are more outputs 
vjcp"kprwvu."vjg"uqkn"tgugtxg"yknn"fgetgcug0

At this point, it is important to emphasize that 
vjg"tgugtxg"qt"uvqtcig"qh"wucdng"ycvgt"kp"vjg"uqkn"ku"
not uniform; it depends on the type and character-
istics related to the different types of soil. In this 
rctvkewnct" ecug." vcmgp" cu" c" enkocvke" tghgtgpeg" hqt"
vjg"uvwf{"ctgc."vjg"oczkowo"ecrcekv{"qh"tgugtxg"qt"
uvqtcig"qh"ycvgt"*Ýgnf"ecrcekv{"]HE_+"ku"322"oo0"
Vjwu."T"ecp"qpn{"jcxg"xcnwgu"dgvyggp"2"*ft{"uqkn."
ykvjqwv"ycvgt"cxckncdng"hqt"rncpvu+"cpf"322"*qrvkocn"
humidity content).

Kpkvkcnn{." vjg"oqpvj"yjgp" vjg"rqukvkxg"〉"rgtkqf"
uvctvu"ycu"kfgpvkÝgf."cpf"c"xcnwg"qh"322"ycu"cuukipgf"
to it. Some authors propose that a hypothetical value 
should be assigned to a month and annual calcula-
tion cycles should be conducted until reaching the 
suggested hypothesis.

For calculation purposes, it is usually assumed 
that after a dry period the soil reserve is null (0). As a 
tguwnv."vjg"ecnewncvkqp"qh"T"dgikpu"ykvj"vjg"Ýtuv"jwokf"
month and the previous month receives a null (0) 
tgugtxg0"Vjgp."pgzv"oqpvjÓu"T"qt"Uvq"ctg"ecnewncvgf"
by adding the previous month’s R to PCP – GVq"?"〉""
of the current month (Eq. 2)

Ri = Ri–1 + (PCPi"Î"GVqi) (2)

If the result is more than 100, then R = 100 and the 
tguv"vtcpuhgtu"vq"Gze0"Kh"R"iqgu"dgvyggp"2"cpf"322."kv"
vcmgu"vjcv"xcnwg"*tguwnv+="cpf"kh"vjg"tguwnv"ku"nguu"vjcp"
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0, R is = 0 and the value (result) transfers to Def. The 
rules are based on Ri="kp"qvjgt"yqtfu."Ri = Ri – 1 + 
(PCPi – GVqi) if 0 < Ri – 1 + (PCPi – GVqi)<Rocz; Ri 
= Rmax if Ri – 1 + (PCPi – GVqi) > Rmax; and Ri = 0 if 
0 > Ri – 1 + (PCPi – GVqi+0"Ncvgt."vjg"xctkcvkqp"dgvyggp"
vjg"tgugtxg"cpf"vjg"uvqtcig"qh"wucdng"ycvgt"*〉T"qt"〉"
Sto) is calculated based on the result of the difference 
dgvyggp"vjg"xcnwg"qh"uvqtcig"qh"wucdng"ycvgt"qh"vjg"
month considered and the last month. If the sign is 
positive, it means the replacement (R) of the soil 
moisture, and if the sign is negative, it means the 
utilization (U) of the soil moisture (〉Ri = Ri – Ri – 1).

Finally, GVc"ku"fgvgtokpgf0"Vjg"hqnnqykpi"ecugu"
ecp"qeewt" gcej"oqpvj<" Kh"RER"œ"GVq, then GVc = 
GVq; and if PCP < GVq, then GVc = PCP + | 〉 Sto |. 
Vjg"eqghÝekgpv"GVc/GVq"fgvgtokpgu"vjg"itqyvj"rg-
tkqfu."eqpukfgtkpi"vjcv"vjg"oqpvju"ykvj"GVc/GVq"œ"
0.60 are appropriate to develop crops, although it is 
pgeguuct{"vq"guvkocvg"gcej"eqghÝekgpv"hqt"gxgt{"etqr"
and phenological stage.

405" Enkocvg" encuukÝecvkqp" d{" vjg" Vjqtpvjyckvg"
method

Chvgt"eqpfwevkpi"vjg"ycvgt"dcncpeg."enkocvg"encuukÝ-
ecvkqp"ycu"rgthqtogf"ceeqtfkpi"vq"vjg"Vjqtpvjyckvg"
ogvjqf"cu"hqnnqyu0

40503"Oqkuvwtg"kpfgz
Ceeqtfkpi"vq"Vjqtpvjyckvg."vjg"jwokfkv{"qt"ctkfkv{"
qh"c"enkocvg"ecp"dg"gzrtguugf"kp"vgtou"qh"vjg"ycvgt"
gzeguu"kpfgz"*Kh+"cpf"vjg"ctkfkv{"kpfgz"*Ka+."hqt"yjkej"
vjg"hqnnqykpi"gswcvkqpu"ctg"wugf<

Ih"?"*Gze1GVq+̋322" *5+

Ia"?"*Fgh1GVq+̋322" *6+

Ukpeg"vjg"gzeguu"qt"ncem"qh"ycvgt"igpgtcnn{"qeewt"
in different seasons or periods, both should have a 
oqkuvwtg"kpfgz"*Im+."rqukvkxgn{"chhgevkpi"vjg"Ýtuv"qpg"
cpf"pgicvkxgn{"vjg"ugeqpf"qpg."nkmg"vjku<

Im = Ih – Ia"?"*322̋Gze"Î"322̋Fgh+1GVq (5)

Positive values of Im correspond to humid cli-
ocvgu."yjkng" pgicvkxg" xcnwgu" qh" Im determine dry 
enkocvgu=" vjg" tcpigu" cpf" encuukÝecvkqp"qh" v{rgu" qh"
enkocvgu"kp"ceeqtfcpeg"ykvj"Im values are presented 
kp"cppgz"C30

40504"Ugcuqpcn"xctkcvkqp"qh"vjg"ghhgevkxg"jwokfkv{
Vjg"oqkuvwtg"kpfgz"ecp"kpfkecvg"jqy"jwokf"qt"ctkf"
a region is, but it cannot differentiate the seasonal 
variations; therefore, in humid climates (Im > 0) it 
eqwnf"dg"pgeguuct{"vq"fgvgtokpg"yjgvjgt"vjgtg"ctg"
ft{"ugcuqpu"cpf"cuuguu"vjg"ftqwijv"fgitgg."yjkng"kp"
dry climates (Im < 0) it could be necessary to deter-
okpg"yjgvjgt"vjgtg"ctg"jwokf"ugcuqpu"cpf"cuuguu"vjg"
jwokfkv{"fgitgg0"Cppgz"C4"rtgugpvu"vjg"uwdfkxkukqpu"
for humid climates (A, B, C2) and dry climates (C1, 
D, E).

40505"Kpfgz"qh"vjgtocn"ghÝekgpe{
Vjg"rqvgpvkcn"gxcrqvtcpurktcvkqp"ku"c"vjgtocn"ghÝekgp-
e{"kpfgz."cpf"kv"ecp"dg"eqpukfgtgf"cu"c"enkocvg"hcevqt"
that involves the day length and temperature. This 
kpfgz"gpcdngu"vjg"fkhhgtgpvkcvkqp"dgvyggp"oguqvjgt-
ocn"cpf"ogicvjgtocn"enkocvke"¦qpgu0"EncuukÝecvkqpu"
dcugf"qp"vjku"kpfgz"ctg"eqorctcdng"vq"vjqug"fgtkxgf"
htqo"vjg"oqkuvwtg"kpfgz="vjwu."vjg{"ctg"fgukipcvgf"
d{"ukoknct"u{odqnu"*ugg"cppgz"C5+0

40506" Vjgtocn" ghÝekgpe{" eqpegpvtcvkqp" fwtkpi" vjg"
summertime

Kp"gswcvqtkcn"¦qpgu."yjgtg"vjg"fc{"ngpivj"ku"crrtqzk-
ocvgn{"vjg"ucog"fwtkpi"vjg"yjqng"{gct"cpf"vgorgtc-
vwtg"ku"cnuq"wpkhqto"*vjgtocn"Þwevwcvkqpu"ctg"uocnn+."
the GVq"ugcuqpcn"xctkcvkqp"yknn"dg"unkijv="ukoknctn{."
GVq corresponding to any three consecutive months 
yknn"dg"crrtqzkocvgn{"47'"qh"vjg"cppwcn"GVq.

Vjg"vjgtocn"ghÝekgpe{"eqpegpvtcvkqp"ecp"dg"ecn-
ewncvgf"wukpi"vjg"pgzv"gswcvkqp<

EC = (GVqx/GVq)*100 (6)

yjgtg"GE" ku" vjg" vjgtocn" ghÝekgpe{" eqpegpvtcvkqp"
during summer, GVqv the evapotranspiration of the 
three summer months, and ETo the annual evapo-
vtcpurktcvkqp0"Cppgz"C6"ujqyu"vjg"fkhhgtgpv"vjgtocn"
Þqqtu"ceeqtfkpi"vq"vjg"vjgtocn"ghÝekgpe{"eqpegpvtc-
tion in summer.

406"Ecnewncvkqp"qh"vjg"ycvgt"dcncpeg"rctcogvgtu"kp"
climate change conditions

Vjg"dcugnkpgu"qh" vjg"ockp"xctkcdngu"ygtg"cflwuvgf"
ykvj"vjg"cpqocnkgu"rtqlgevgf"kp"vjg"uvwf{"ctgc"vjtqwij"
the HadGEM2-ES and GFDL-CM3 models, RCP 4.5 
and RCP 8.5 scenarios, for the periods 2041-2060 
(focused on 2050) and 2061-2080 (focused on 2070), 
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tgurgevkxgn{0"Vjgug"uegpctkqu"cpf"rgtkqfu"ygtg"ugngev-
gf"dgecwug"vjg"Ýtuv"tguwnvu"qh"c"rtgnkokpct{"cuuguuogpv"
qh"NcpiÓu" kpfgz" uwiiguvgf" cp" qrvkokuvke" uegpctkq. 
yjkng"vjg"ugeqpf"tguwnvu"kornkgf"c"rguukokuvke"uegpctkq"
hqt"vjg"tgikqp0"Vjg"rtqlgevgf"cpqocnkgu"ygtg"tgvtkgxgf"
from the scenarios provided by WorldClim Global 
Enkocvg"Fcvc"ykvj"c"407"okp"ncvkvwfg"cpf"nqpikvwfg"
resolution equivalent to about 4.5 "607"mo."yjkej"ctg"
available at jvvr<11yyy0yqtnfenko0qti1eokr7_2.5m. 
Chvgtyctfu." c" tgcuuguuogpv" qh" qvjgt" xctkcdngu" cpf"
rctcogvgtu"kpxqnxgf"kp"ycvgt"dcncpeg"cpf"vjg"encuuk-
Ýecvkqp"d{"vjg"Vjqtpvjyckvg"ogvjqf"ycu"eqpfwevgf0

3. Analysis and results

Vjg" uvcvkqp" ugngevgf"ycu"Pc¦ctgvj." nqecvgf" cv" 94³"
15'57'' W, 11º 42' 50'' N in the state of Guajira (Fig. 1). 
Studies in this zone are critical, since the potential 
ghhgevu"qh"enkocvg"ejcpig"eqwnf"egtvckpn{"gzcegtdcvg"
the already deficient conditions, threatening the 
pcvwtcn"uwrrn{"qh"ycvgt."kvu"ceeguukdknkv{"cpf"cnn"vjg"
activities that depend on this resource, increasing the 
icr"dgvyggp"vjg"pcvwtcn"uwrrn{"cpf"vjg"eqpuvcpvn{"
itqykpi"fgocpf" hqt" vjg" tguqwteg0"Vjku"yqwnf" kp-
etgcug"vjg"kpfgz"qh"rtguuwtg"qxgt"vjg"tguqwteg"cpf"
gpeqwtcig"qt"ngcf"vq"eqpÞkevu0

As mentioned above, the IL for the area selected 
ycu"KL"?"7320414905"?"3:09."yjkej"encuukÝgu"kv"cu"c"
desert zone according to Lang’s climatic zones clas-
ukÝecvkqp"*ugg"Vcdng"K+0

Analysis of the values collected at the station en-
cdngf"wu"vq"fgvgtokpg"yj{"vjg"uvwf{"ctgc"jcu"c"Vocz, 
Tavg and Tmin of 32.5, 27.3 and 22.0 ºC, respectively 
(Fig. 2a). Even though PCP is scarce (about 510.2 mm), 
evaporation and evapotranspiration are higher than 
2044.5 and 1521.1 mm, respectively (Fig. 2b) (the 
ncvvgt"Ýiwtg"ceeqwpvu"hqt"gzvtgog"fgugtv"eqpfkvkqpu+0

Hkiwtg" 4" ujqyu" vjg"oqpvjn{" dgjcxkqt" qh" vjg"
temperature, precipitation and evaporation variables 
cpcn{¦gf"kp"vjg"uvcvkqp0"Kv"gzjkdkvu"vjg"ewttgpv"oqpvjn{"
values (baseline) of the main variables.

As mentioned above and can be observed in Fig. 2 
cpf"Vcdng" KK." gzvtgog" eqpfkvkqpu" gzkuv" kp" cnn" vjg"
xctkcdngu" kp" vjg" uvcvg" qh"Iwclktc."yjkej"jcu" fktgev"
kpÞwgpeg" qp" ctkf" eqpfkvkqpu." ceeguu" vq"ycvgt" cpf"
other parameters and variables related to the hydric 
resource and, certainly, on the activities and sectors 
that depend on it (particularly the primary sector, i.e., 
citkewnvwtg."nkxguvqem."hqtguvt{+0

In Figure 2b it is evident that in the municipality 
qh"Wtkdkc"gxcrqtcvkqp"dcukecnn{"gzeggfu"d{"hct" vjg"
values of precipitation all year round.

Vcdng" KKK" ujqyu" vjg" tguwnvu"qh" crrn{kpi" vjg" gz-
rnckpgf"rtqegfwtg"vq"ecnewncvg"ycvgt"dcncpeg"kp"vjg"
study area.

Kv"ku"yqtvj"pqvkpi"vjcv"kp"vjg"uvwf{"ctgc"rtgekrkvc-
tion is scarce and GVq has a high rate that leads to a 
jwokfkv{"fgÝekv"qh"32320;"oo."yjkej"eqortgjgpfu"
vjg"rgtkqf"dgvyggp"Lcpwct{"cpf"Ugrvgodgt."ykvjqwv"
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Fig. 1. Location of the study area (station analyzed, Nazareth).
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gzeguu0"Vjgtg"ku"qpn{"c"ycvgt"tgrncegogpv"tcvg"qh"
20.7 mm and 28.5 mm in October and November, 
respectively; 43.1 mm are used in December and 
6.0 mm in January. According to the GVc/GVq 
values presented in Table III, only the period from 

Qevqdgt"vq"Fgegodgt"yqwnf"dg"crrtqrtkcvg"hqt"vjg"
fgxgnqrogpv"qh"uqog"etqru0"Vjgug"curgevu"eqpÝto"
vjg"tguwnvu"qh"vjg"eqorctkuqp"dgvyggp"RER."Gx"cpf"
GVq (Figs. 2b and 3) and to the observations made 
using IL.
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Fig. 2. (a) Monthly behavior of temperature at Uribia-Guajira. (b) Monthly behavior of precipitation and evaporation 
at Uribia-Guajira.

Vcdng"KK0"Oqpvjn{"xcnwgu"dcugnkpg"*Lcpwct{"]L_"vq"Fgegodgt"]F_+

V/month J F M A M Jn Ju A S O N D Sum/avg

Tocz (ºC) 29.7 30.7 31.3 32.8 32.7 33.3 33.5 34.2 34.4 33.6 31.9 31.3 32.5
Tmin (ºC) 21.1 21.2 20.8 22.4 22.7 23.3 23.4 21.9 22.8 21.9 21.6 20.6 22.0
Tavg (ºC) 25.8 26.0 26.5 27.0 27.6 28.0 28.0 28.4 28.6 28.1 27.3 26.2 27.3
PCP (mm) 18.7 9.1 9.7 22.1 37.2 13.3 7.0 13.1 44.3 146.2 134.8 54.7 510.2
RH (%) 81.5 80.6 80.7 80.8 81.0 80.1 80.1 80.1 80.9 83.2 84.1 82.9 81.3
Ev (mm) 113 155 182 173 193 212 214 221 206 155 121 102 2044.5

V: variable.

Vcdng"KKK0"Ewttgpv"ycvgt"dcncpeg"cv"vjg"Pc¦ctgvj"uvcvkqp"*Lcpwct{"]L_"vq"Fgegodgt"]F_+0

V/month J F M A M Jn Ju A S O N D Total

PCP 18.7 9.1 9.7 22.1 37.2 13.3 7.0 13.1 44,3 146.2 134.8 54.7 510.2
ET0 105.5 111.5 131.8 122.4 131.4 140.5 151.3 155.0 142.2 125.5 106.3 97.9 1521.1
〉 –86.8 –102.4 –122.1 –100.3 –94.2 –127.2 –144.3 –141.9 –97.8 20.7 28.5 –43.1
R Sto 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20.7 49.2 6.0
Def 80.7 102.4 122.1 100.3 94.2 127.2 144.3 141.9 97.8 0.0 0.0 0.0 1010.9
Gze 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
〉"Sto –6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 20.7 28.5 –43.1
ETa 24.7 9.1 9.7 22.1 37.2 13.3 7.0 13.1 44,3 125.5 106.3 97.9 510.2
ETa/ET0 0.2 0.1 0.1 0.2 0.3 0.1 0.05 0.1 0,3 1.0 1.0 1.0
R or U U R R U

V: variable.
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Hkiwtg"5"ujqyu"vjg"dgjcxkqt"qh"RER."GVq."GVc."
Fgh"cpf"Gzez"qh"ycvgt"kp"vjg"uvwf{"ctgc."cu"c"tguwnv"
qh"ycvgt"dcncpeg"cpcn{uku"wpfgt"vjg"ewttgpv"enkocvke"
conditions.

Kp"Hkiwtg"5."vjg"ctgc"dgvyggp"vjg"GVq and Eta lines 
ogcpu"c"fgÝekv0"RER"cdqxg"GVc corresponds to the 
uvqtcig"kp"tgugtxg"rnwu"gzeguu="GVc over PCP means 
a utilization of the soil reserve.

C" enkocvg" encuukÝecvkqp" d{" vjg"Vjqtpvjyckvg"
ogvjqf"ycu" eqpfwevgf." vcmkpi" kpvq" ceeqwpv" vjg"
tguwnvu"kp"Vcdng"KKK."Gsu0"*5/8+"cpf"cppgzgu"C3"vq"
C6."yjkej"fgoqpuvtcvgf"vjcv"wpfgt"ewttgpv"eqpfk-
vkqpu."vjg"uvwf{"ctgc"encuukÝgu"cu"cp"ctkf"¦qpg"ykvj"
nkokvgf" qt" pq" gzeguu" qh"ycvgt."ogicvjgtocn." cpf"
ykvj"c"nqy"eqpegpvtcvkqp"qh"vjgtocn"ghÝekgpe{0"Kvu"
u{odqnke"fguetkrvkqp"yqwnf"dg"GfCÓcÓ"*ugg"cppgzgu"
A1 to A4), supporting the condition initially found 
yjgp"wukpi"KL.

Vcdng"KX"ujqyu"vjg"xcnwgu"qdvckpgf"hqt"vjg"kpfgzgu"
tgncvgf"vq"enkocvg"encuukÝecvkqp"d{"vjg"Vjqtpvjyckvg"
method.

All the factors so far analyzed are of great impor-
vcpeg."cu"cntgcf{"ogpvkqpgf."yjgp"rncppkpi"j{ftcwnke"
kphtcuvtwevwtg"yqtmu."uqykpiu"cpf"itqykpi"cevkxkvkgu"

qh"cp{"v{rg"qh"etqru0"Nkmgykug."vjg{"cnnqy"ngcfkpi"
activities such as management of hydrographic 
basins, irrigation programs, production forecast, 
enkocvg"encuukÝecvkqp."etqru"¦qpkpi."coqpi"qvjgtu0

503" Ecnewncvkqp" qh" vjg" ycvgt" dcncpeg" rctcogvgtu"
under climate change conditions

The baseline of the main variables involved in the 
ecnewncvkqp" qh"ycvgt" dcncpeg"ycu" cflwuvgf"ykvj 
the anomalies projected in the study area through the 
HadGEM2-ES and GFDL-CM3 models, RCP 4.5 
and RCP 8.5 scenarios, for the periods 2041-2060 
(focused on 2050) and 2061-2080 (focused on 2070), 
respectively.

Vcdng"X" ujqyu" vjg" cflwuvgf" dcugnkpgu." pcogn{"
future scenarios for Tocz, Tavg, Tmin, PCP and RH.

These scenarios suggest an annual reduction of 
406'"kp"rtgekrkvcvkqp"ykvjkp"vjg"uvwf{"ctgc"hqt"vjg"
HadGEM2-ES model (RCP 4.5, period 2041-2060), 
and 11.0% for the GFDL-CM3 model (RCP 8.5, 
period 2061-2080), moving from 510.2 to 498.2 and 
510.2 to 454.2 mm, respectively. RH presents chang-
gu"qp"c"oqpvjn{"dcuku."cu"Vcdng"X"ujqyu."tgfwekpi"
vjg"cppwcn"cxgtcig"d{":02'"ykvj the HadGEM2-ES 
oqfgn"hqt"vjg"Ýtuv"rgtkqf."oqxkpi"htqo":305"vq"9505'"
kp" vjg" ugeqpf"rgtkqf"ykvj" vjg"IHFN/EO5"oqfgn0"
The average annual relative humidity reaches a value 
of 65.5%, indicating a reduction of about 15.8% in 
eqorctkuqp"ykvj"vjg"ewttgpv"ukvwcvkqp0

Regarding the average annual temperature, an 
kpetgcug"qh"309"³E"ykvj"vjg"JcfIGO4/GU"oqfgn"ku"
projected in the study area for the period 2041-2060 
*TER"607+."cpf"qh"509"³E"ykvj"vjg"IHFN/EO5"oqfgn"
for the period 2061-2080 (RCP 8.5). In this regard, 
IDEAM (2015b) presents results for the average 
gpugodng"uegpctkq."yjgtg"kv"ku"uwiiguvgf"vjcv"d{"vjg"
end of the century temperature in the state of Gua-
jira could increase 2.3 ºC on average compared to 
current values. IDEAM considers that the Alta and 
Media Guajira could have the highest increases, of 
crrtqzkocvgn{"407³E."eqxgtkpi"vjg"owpkekrcnkvkgu"qh"
Uribia, Manaure and Maicao.

In terms of precipitation, the state of Guajira could 
have reductions of up to 20% on average by the end 
of the century. In particular, to the south of the state 
and in the municipalities of Rioacha and Dibulla the 
reductions could vary from 30 to 40% in relation to 
the current value (IDEAM, 2015b). Similarly, IDE-
CO"yctpu"vjcv"hqt"vjg"rgtkqfu"4233/4262."4263/4292"
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Hki0"50"Ewttgpv"ycvgt"dcncpeg."owpkekrcnkv{"qh"Wtkdkc/ 
Guajira.

Vcdng"KX0"Kpfgzgu"hqt"enkocvg"encuukÝecvkqp0

Kpfgz Value Kpfgz Value

Ih?*Gze1GVq+̋322" 0.0 Im = Ih–Ia –66.5
Kc?*Fgh1GVq+̋322 66.5 EC=(GVqv/GVq+̋322 29.5
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and 2071-2100, increases in temperature could be 
of 0.9, 1.6 and 2.3 ºC, and decreases in precipitation 
could be of about 14.5, 16.57 and 20.02%, respec-
vkxgn{" *KFGCO."4237d+0"Cv" vjku" rqkpv." kv" ku"yqtvj"
mentioning that even though a reduction in precipi-
tation is relatively trivial, the increase in temperature 
tgcejgu"uwduvcpvkcn"xcnwgu."yjkej"eqwnf"ukipkÝecpvn{"
impact and transform the region, especially because 
currently precipitation in the study area is rare and 
temperature is very high.

NcpiÓu"kpfgz"ujqyu"c"tgfwevkqp"htqo"vjg"ewttgpv"
18.7 to 17.0 in the HadGEM2-ES model for the period 
4263/4282"*TER"607+."cpf"vq"3607"ykvj"vjg"ejcpigu"
projected in the GFDL-CM3 model for the period 2061-
2080 (RCP 8.5). This suggests that, according to the 
projections found, current conditions in the study area 
yknn"dg"gzcegtdcvgf."yjkej"yknn"ejcpig"kvu"encuukÝecvkqp"
to a desert zone as times goes by (Tables I and V).

Hwtvjgtoqtg." vjg" hwvwtg" enkocvg" encuukÝecvkqp"
d{"vjg"Vjqtpvjyckvg"ogvjqf."cu"ygnn"cu"d{"KL, ujqy"
vjcv"vjg"uvwf{"ctgc"ku"uvknn"cp"ctkf"¦qpg."ykvj"nkokvgf"

qt"pq"gzeguu"qh"ycvgt."ogicvjgtocn"cpf"ykvj"c"nqy"
eqpegpvtcvkqp" qh" vjgtocn" ghÝekgpe{" *GfCÓcÓ+." ce-
eqtfkpi"vq"vjg"ejcpigu"rtqlgevgf"d{"vjg"vyq"oqfgnu."
dwv" eqpfkvkqpu" dgeqog"oqtg" fgÝekgpv" qxgt" vkog 
(see Tables IV and VI).

Vcdng"XK" ujqyu" vjg" xcnwgu" qdvckpgf" hqt" hwvwtg"
kpfgzgu" tgncvgf" vq" enkocvg" encuukÝecvkqp" wukpi" vjg"
Vjqtpvjyckvg" ogvjqf." vcmkpi" kpvq" ceeqwpv" vjg"
changes projected for the HadGEM2-ES model, pe-
riod 2041-2060 (RCP 4.5), and GFDL-CM3, period 
2061-2080 (RCP 8.5).

Vcdngu"XKK"cpf"XKKK"rtgugpv"vjg"ycvgt"dcncpeg"tg-
sults for the periods analyzed, considering changes in 
the climatic variables projected for the HadGEM2-ES 
and GFDL-CM3 models.

When comparing the results from tables III, 
XKK" cpf"XKKK." kv" ku" gxkfgpv" vjcv" gzrgevgf" enkocvke"
ejcpigu" gzcegtdcvg" vjg" fgÝekgpv" eqpfkvkqpu" kp" vjg"
study area, considerably increasing GVq and Def as 
vkog"iqgu"d{0"Vjku"ku"yj{"GVq varies from 1521.1 to 
38;;06"oo"ykvj"vjg"ejcpigu"rtqlgevgf"d{"vjg"Jcf-

Vcdng"X0"Hwvwtg"enkocvke"uegpctkqu"*Pc¦ctgvj"uvcvkqp."Lcpwct{"]L_"vq"Fgegodgt"]F_+0

HadGEM2-ES, RCP4.5, focused on 2050 

V/month J F M A M Jn Ju A S O N D Sum/avg

PCP 18.7 9.1 9.7 20.1 46.2 15.3 6.0 12.1 41.3 126.2 137.8 55.7 498.2
Tocz 31.5 32.7 33.2 34.5 34.3 35.0 35.2 35.9 36.3 35.4 33.7 33.1 34.2
Tmin 23.0 23.3 22.7 24.2 24.4 25.1 25.2 23.7 24.6 23.8 23.6 22.5 23.8
Tavg 27.3 28.0 27.9 29.4 29.3 30.0 30.2 29.8 30.5 29.6 28.6 27.8 29.0
RH 73.2 71.6 72.3 73.1 73.8 72.6 72.5 72.6 72.8 74.9 75.5 74.5 73.3

GFDL-CM3, RCP8.5, focused on 2070

V/month J F M A M Jn Ju A S O N D Sum/avg

PCP 19.7 10.1 10.7 25.1 48.2 30.3 9.0 11.1 28.3 100.2 106.8 54.7 454.2
Tocz 33.4 34.5 34.9 36.3 36.4 37.0 37.0 38.2 38.7 37.7 35.8 35.0 36.2
Tmin 24.9 25.0 24.5 26.1 26.6 27.3 27.1 25.9 26.9 25.6 25.3 24.4 25.8
Tavg 29.2 29.8 29.7 31.2 31.5 32.1 32.0 32.1 32.8 31.7 30.5 29.7 31.0
RH 65.6 64.7 65.4 65.9 65.4 64.5 65.4 63.9 63.8 66.5 67.5 66.9 65.5

Vcdng"XK0"Kpfgzgu"cpf"hwvwtg"enkocvg"encuukÝecvkqp0

HadGEM2-ES, RCP4.5, focused on 2050 GFDL-CM3, RCP8.5, focused on 2070

Kpfgz Value EncuukÝecvkqp Kpfgz Value EncuukÝecvkqp

Ih"?"*Gze1GVq+̋322" 0.0

EdA’a’

Ih"?"*Gze1GVq+̋322" 0.0

EdA’a’
Kc?"*Fgh1GVq+̋322 70.7 Kc?"*Fgh1GVq+̋322 77.7
Im = Ih-Ia –70.7 Im = Ih-Ia –77.7
EC = (ETov1GVq+̋322 29.5 EC = (ETov1GVq+̋322 29.8
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GEM2-ES model for the year in focus 2050, and to 
3:::0:"oo"ykvj"vjg"IHFN/EO5"oqfgn"hqt"vjg"{gct"
kp"hqewu"4292."yjkej"tgrtgugpvu"cp"kpetgcug"qh"3309"
cpf"4604'."tgurgevkxgn{0"Nkmgykug."Fgh"kpetgcugu"d{"
3:0:'"kp"vjg"Ýtuv"cpcn{uku"rgtkqf"cpf"d{"630;'"kp"vjg"
ugeqpf"rgtkqf."yjkng"RER"ucvkuÝgu"rctv"qh"vjg"GVq, 
becoming GVc."ykvj"c"tgfwevkqp"qh"406'"cpf"3302'"
in the HadGEM2-ES and GFDL-CM3 models for 
vjg"Ýtuv"cpf"ugeqpf"cpcn{uku"rgtkqfu."tgurgevkxgn{0

Under the models, periods and scenarios analyzed, 
kv"ecp"dg"qdugtxgf"vjcv"ykvj"vjg"guvkocvgf"ejcpigu"
in the HadGEM2-ES model (RCP 4.5, year in focus 
2050), only during November there is soil moisture 
tgrncegogpv"gswkxcngpv"vq"3;04"oo"*yjkej"ku"wugf"
kp"Fgegodgt+."yjkng"ykvj" vjg" guvkocvgf" ejcpigu"
in the GFDL-CM3 model (RCP8.5, year in focus 
4292+."vjgtg"ctg"pq"oqpvju"kp"yjkej"ycvgt"kp"vjg"uqkn"
ku"tgrncegf0"Kp"ceeqtfcpeg"ykvj"vjg"GVa/GV0 values 
ujqyp"kp"Vcdngu"XKK"cpf"XKKK."kp"vjg"Ýtuv"rgtkqf"qh"

analysis only October, November and December 
yqwnf"dg"crrtqrtkcvg"vq"fgxgnqr"uqog"etqru"vjcv"fq"
pqv"tgswktg"owej"ycvgt0"Hkpcnn{."ykvj"vjg"IHFN/EO5""
oqfgn"*4292+."vjg"crrtqrtkcvg"oqpvju"yqwnf"dg"qpn{"
October and November.

Vcdng"KZ"uwooctk¦gu"vjg"cppwcn"ejcpigu"gzrgevgf"
for the scenarios analyzed.

Figures 4 and 5 illustrate the behavior of monthly 
PCP, GV0, GVa"cpf"Fgh"ykvjkp"vjg"uvwf{"ctgcu"tguwnv-
kpi"htqo"vjg"cpcn{uku"qh"ycvgt"dcncpeg"wpfgt"enkocvg"
change conditions.

According to the results found, provisional crops 
uwej"cu"eqtp."uqtijwo."eqvvqp."ognqp."ycvgtognqp."
and squash; permanent crops such as avocado, ba-
nana, lemon, orange, coconut, lulo, mango, among 
others, reported in the study area by the Red de 
Información y Comunicación del Sector Agropec-
uario Colombiano (Information and Communication 
Pgvyqtm"qh" vjg"Eqnqodkcp"Citq/nkxguvqem"Ugevqt."

Vcdng"XKK0"Ycvgt"dcncpeg."TER"607."hqewugf"qp"4272"*Pc¦ctgvj"uvcvkqp."Lcpwct{"]L_"vq"Fgegodgt"]F_+0

HadGEM2-ES

V/month J F M A M Jn Ju A S O N D Total

PCP 18.7 9.1 9.7 20.1 46.2 15.3 6.0 12.1 41.3 126.2 137.8 55.7 498.2
ETo 114.9 127.9 150.2 136.7 146.9 157.5 168.1 172.6 160.3 139.8 118.6 105.8 1699.4
〉 –96.3 –118.8 –140.5 –116.6 –100.7 –142.2 –162.1 –160.4 –119.0 –13.6 19.2 –50.1
R_Sto 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 19.2 0.0
Def 96.3 118.8 140.5 116.6 100.7 142.2 162.1 160.4 119.0 13.6 0.0 30.9 1201.1
Gze 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
〉"Sto 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 19.2 –19.2
ETa 18.7 9.1 9.7 20.1 46.2 15.3 6.0 12.1 41.3 126.2 118.6 74.9 498.2
ETa/ETo 0.2 0.1 0.1 0.1 0.3 0.1 0.04 0.1 0.3 0.9 1.0 0.7
R or U R U

Vcdng"XKKK0"Ycvgt"dcncpeg."TER":07."hqewugf"qp"4292"*Pc¦ctgvj"uvcvkqp."Lcpwct{"]L_"vq"Fgegodgt"]F_+0

GFDL-CM3

V/month J F M A M Jn Ju A S O N D Total

PCP 19.7 10.1 10.7 25.1 48.2 30.3 9.0 11.1 28.3 100.2 106.8 54.7 454.2
ETo 123.9 141.4 166.0 150.4 166.4 177.4 185.2 194.6 182.3 156.5 131.3 113.4 1888.8
〉 –104.2 –131.3 –155.3 –125.3 –118.2 –147.2 –176.2 –183.5 –153.9 –56.3 –24.5 –58.7
R_Sto 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Def 104.2 131.3 155.3 125.3 118.2 147.2 1762 183.5 153.9 56.3 24.5 58.7 1434.6
Gze 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
〉"Sto 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ETa 19.7 10.1 10.7 25.1 48.2 30.3 9.0 11.1 28.3 100.2 106.8 54.7 454.2
ETa/ETo 0.2 0.1 0.1 0.2 0.3 0.2 0.05 0.1 0.2 0.6 0.8 0.5
R or U
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AGRONET), could be adversely affected by the 
decrease in precipitation and moisture of soil, and 
the increase in temperature and GVq.

Moreover, the production, performance and qual-
ity of the products cultivated using irrigation systems 
*g0i0."tkeg+"yknn"dg"chhgevgf"d{"vjg"kpetgcukpin{"fgÝ-
cient conditions of the municipality, unless some ad-
lwuvogpvu"ctg"ocfg"vq"vjg"gzkuvkpi"kttkicvkqp"u{uvgou."
rncppkpi"qh"rtqfwevu"cpf"vjg"rtqurgev"uqykpi"ctgc="
even a conversion of products should be considered. 
Also, progress should be made in investigations 
eqpegtpkpi"vjg"cpcn{uku"qh"vjg"xkcdknkv{"qh"tckpycvgt"
harvesting for those purposes.

IDEAM (2015b) suggests the main effects could 
dg"hgnv"d{"vjg"citkewnvwtcn"cpf"nkxguvqem"ugevqtu."cu"
ygnn"cu"d{"uwdukuvgpeg"etqru."fwg"vq"vjg"ukipkÝecpv"
increases in temperature throughout the century and 
to the projected reductions in precipitations. The 
tgfwevkqp"kp"vjg"pcvwtcn"uwrrn{"qh"ycvgt"eqwnf"eqp-
tinue to be one of the main effects on the study area, 
affecting the health sector due to nutritional factors 
related to food security.

4. Conclusions and recommendations

Vjg" kpetgcukpin{" pgicvkxg" ejcpigu" rtqlgevgf"yknn"
gzcegtdcvg"vjg"gzvtgog"ctkf"eqpfkvkqpu"qh"Wtkdkc"cpf"
kvu"uwttqwpfkpiu."yjkej"egtvckpn{"yknn" ukipkÝecpvn{"
vtcpuhqto" vjg"Þqtc"cpf" hcwpc"eqorqpgpvu" kp" vjgkt"
ewttgpv"pcvwtcn"gequ{uvgou0"Vjku."kp"vwtp."yknn"jkpfgt"
the assessment of future vulnerability and negative 
korcevu" qh" gzrgevgf" enkocvg" ejcpigu." rtgxgpvkpi"
vjg"fgukip"cpf"rgthqtocpeg"qh"ghÝekgpv"cfcrvcvkqp"
proposals.

Vjg"ceeguu"vq"uwthceg"cpf"itqwpf"htgujycvgt"hqt"
different productive uses and consumption (domestic, 
industrial, agricultural and for other productive sec-
vqtu+"yknn"kpfggf"dg"chhgevgf."ecwukpi"cpf"kpetgcukpi"
substantial economic and social impacts, that could 
gpeqwtcig"qt"ngcf"vq"ugtkqwu"eqpÞkevu"qxgt"vjg"wug"
qh"ycvgt0

The high rates of GVq and the reduction in pre-
cipitation and soil moisture can restrict agricultural 

Vcdng"KZ0"Ejcpigu"gzrgevgf"kp"vjg"ycvgt"dcncpeg0

V Current
(mm)

HadGEM2-ES, focused on 2050 GFDL-CM3, focused on 2070

RCP_4.5 % change RCP_8.5 % change

PCP 510.2 498.2 –2.4 454.2 –11.0
ETo 1521.1 1699.4 11.7 1888.8 24.2
Def 1010.9 1201.1 18.8 1434.6 41.9
Gze 0 0 0.0 0.0 0.0
ETa 510.2 498.2 –2.4 454.2 –11.0
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Fig. 4. Water balance, Nazareth-Guajira station (Had-
GEM2-ES, RCP4.5, year in focus 2050).

Fig. 5. Water balance, Nazareth-Guajira station (GF-
DL-CM3, RCP8.5, year in focus 2070).
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activities, specially irrigated crops, resulting in the 
etqru"nqy"qt"pwnn"rgthqtocpeg"cpf"swcnkv{0"Nkmgykug."
vjg"cswkhgt"tgejctig"cpf"ycvgt"swcnkv{"vjgtgqh"oc{"
dg" pgicvkxgn{" chhgevgf." ukpeg" vjg" kpÝnvtcvkqp" tcvgu"
yqwnf"dg"pwnn0

When comparing the baseline vs. future scenarios, 
enkocvg"encuukÝecvkqpu"fq"pqv"rtgugpv"ejcpigu."ukpeg"
vjg"oqkuvwtg" kpfgz"xcnwgu"xct{"ykvjkp" vjg"yctogt"
cpf"ftkgt"encuu."rtgenwfkpi"vjg"kuqncvkqp"qh"ukipkÝecpv"
ejcpigu"kp"vjg"encuukÝecvkqp"tguwnvu0"Jqygxgt."kv"ku"
engct"vjcv"hqt"gcej"uegpctkq"vjg"oqkuvwtg"kpfgz"*Im) 
decreases, enhancing the class characteristics.

It is recommended to conduct research proposals 
cpf" vq"etgcvg" tckpycvgt"jctxguv"rtqlgevu." cu"ygnn" cu"
gornq{kpi"ycvgt/ghÝekgpv"ewnvkxcvkqp"u{uvgou"kp"vjg"tg-
ikqp."kp"ceeqtfcpeg"ykvj"vjg"pgy"enkocvg"encuukÝecvkqp"
or to enhance its climatic characteristics, in order to 
korngogpv"uvtcvgikgu"vqyctfu"vjg"cfcrvcvkqp"vq"enkocvg"
ejcpig"cpf"vq"vcemng" vjg"rqvgpvkcn"pgicvkxg"korcevu"
on the sectors and activities that could result affected.

Rtqxkfgf"vjcv"kttkicvkqp"u{uvgou"yqtm"ghÝekgpvn{"
cpf"ecp"uwrrn{"vjg"ewttgpv"ycvgt"fgocpf"hqt"etqru."cf-
fkvkqpcn"ycvgt"cpf"vjg"cflwuvogpvu"tgswktgf"vq"eqxgt"cv"
ngcuv"vjg"rtqlgevgf"fgÝekv"itqyvj"*gswkxcngpv"vq"cdqwv"
3:0:'"hqt" vjg"{gct" kp" hqewu"4272" ]JcfIGO4/GU_."
cpf"630;'"hqt"vjg"{gct"kp"hqewu"4292"]IHFN/EO5_+"
should be considered for their future functioning.

Fkhhgtgpv"oqfgnu"ygtg"wugf"hqt"vyq"rgtkqfu."ukpeg"
vjg{"ygtg"ugngevgf"htqo"c"tcpig"qh"hwvwtg"uegpctkqu"hqt"
the years 2050 and 2070. The HadGEM2-ES model 
proved to be the most optimistic for the study region 
ykvj"cp"TER"qh"607"d{"4272."yjkng"vjg"IHFN/EO5"
oqfgn."ykvj" cp"TER"qh" :07" d{" 4292." tgrtgugpvgf"
vjg"oquv"rguukokuvke"eqpfkvkqp0"Kp"qvjgt"yqtfu."vjg"
study presents the most and least adverse situations, 
according to the different scenarios studied.
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C30"Oqkuvwtg"kpfgz"*Km)

Humid climates (Im > 0) Dry climates (Im < 0)

Value Symbol Denomination Value Symbol Denomination

Im  > 100 A Perhumid *2"œ"Km > –33,3) C1 Dry subhumid
322"œ"Km > 80 B4 Very humid *Î55.5"œ"Km > –60) D Semiarid
:2"œ"Km > 60 B3 Humid *Î322"œ"Km > –60) E Arid
82"œ"Km > 40 B2 Moderately humid
62"œ"Km > 20 B1 Slightly humid
42"œ"Km > 0 C2 Moist subhumid

A2. Seasonal variation of the effective humidity

Kpfgzgu"qh"gzeguu"qh"jwokfkv{"*Kh) for C1, D and E Kpfgzgu"qh"ctkfkv{"*Ka) for A, B and C2 climates

Range Symbol Denomination Range Symbol Denomination

0 < Ia < 10 d Nkokvgf"qt"pq"gzeguu"
qh"ycvgt

0 < Ia < 16.7 r Nkvvng"qt"pq"ncem"qh
ycvgt

10 < Ia < 20 s Oqfgtcvg"gzeguu"qh"
ycvgt"kp"ykpvgt

16.7 < Ia < 33.3 s Oqfgtcvg"ncem"qh"ycvgt"kp"
summer

10 < Ia < 20 y Oqfgtcvg"gzeguu"qh"
ycvgt"kp"uwoogt

16.7 < Ia < 33.3 y Oqfgtcvg"ncem"qh"ycvgt"kp"
ykpvgt

Ia > 20 s2 Nctig"gzeguu"qh"
ycvgt"kp"ykpvgt

Ia > 33.3 s2 Eqpukfgtcdng"ncem"qh"
ycvgt"kp"uwoogt

Ia > 20 y2 Nctig"gzeguu"qh"
ycvgt"kp"uwoogt

Ia > 33.3 y2 Eqpukfgtcdng"ncem"qh"
ycvgt"kp"ykpvgt

C50"Kpfgz"qh"vjgtocn"ghÝekgpe{

GVq Range (mm) Acronym Climatic type GVq Range (mm) Acronym Climatic type

GVo > 1140 A’ Megathermal 427 < GVq"ø"792 C’2 Second mesothermal
997 < GVq"ø"3362 B’4 Fourth mesothermal 285 < GVq"ø"649 C’1 First mesothermal
885 < GVq"ø";;9 B’3 Third mesothermal 142 < GVq"ø"4:7 D’ Tundra
712 < GVq"ø"::7 B’2 Second mesothermal ETo < 142 E’ Glacial
570 < GVq"ø"934 B’1 First mesothermal

C60"Vjgtocn"ghÝekgpe{"eqpegpvtcvkqp"kp"uwoogt

EC (%) Acronym Climatic type
(concentration)

EC (%) Acronym Climatic type
(concentration)

EC < 48 a’ Nqy 8:"@"GE"œ"8308 b’1 Moderate
730;"@"GE"œ"6: b’4 Moderate 9805"@"GE"œ"8:02 c’2 High
7805"@"GE"œ"730; b’3 Moderate ::"@"GE"œ"9805 c’1 High
8308"@"GE"œ"7805 b’2 Moderate EC > 88 d’ Very high
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