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PRESENTATION

The lessons learned in the past few years with the effect of climate variability icdhetry, and
particularly those related to the rainfall deficit associated with the El Nifio phenomenon, with serious
conseqguences in agriculture, water, health, energy, environment, among others, are showing us the
path to follow where we should conduct pefforts to reduce the impact caused by these risk factors in
the Colombian economy.

Through the UNGRD and during the past six years, the new National Policy on Disaster Risk Management
has changed its strategy of allocating resources under a transvechaime of risk management in
development plans. We went from concentrating disaster management resources (over 90% in the last
decade) to prioritizing disaster risk reduction (currently over 60%).

The National Disaster Risk Management Plan ZIZ% hasestablished that "improving the knowledge

on disaster risk in the national territory" should not only be the first of the five strategic objectives, but
should be materialized through various strategies that constitute the decigi@king base on safe
investment, incorporation of sustainability criteria in development planning, land use planning and
environmental planning processes.

One of the elements that are part of the knowledge are the EWSs, and the drought alert systems have
become a fundamental tdoto anticipate the probability of occurrence of this threat, which is
considered one of the most complex due to its difficulty of forecast. In Colombia, climate diversity allows
perception to be different and its impact is very specific to each regiont@méch sector sensitive to
drought. This is why it is necessary to build systems that integrate all the drought indicators used for
specific monitoring, that can show us what its effects on the community and its activities are, , and
therefore include irthe contingency plans which sectors should receive more attention.

Thinking about creating awareness on the sectors that are affected in one way or another by water
deficit, the UNGRD promotes workshops to share experiences, knowledge, interdiscigtimapg that

allow them to manage the wide flow of information in a comprehensive and interdisciplinary way in
order to incorporate it into their risk reduction plans in the face of the effects of drought, which has
caused them so many socioeconomic losses

This research and technical effort is based on an initiative of a document prepared by the UNGRD and
GKS aAyAaddNE 2F C2NBAIY ! FFFIANRIT GKSNB /2f{2Y0Al Qa
ERFEN Committee, on the folkaywp and monitoring2 ¥ G KS a9f DbA32¢ LIKSy2YSy?2
strengthen communication between all entities involved, from a "Pilot Project on Drought- Early

2 NYyAy3 {@dailisSvya Ay [ 2t2Y0AlbT gAGK GKS FAY 2F LINZ
Drought Outlo& Strategies for Colombia" as a mechanism of institutional action in the country for
decisionmakers. This project was accepted by the Secretariat of the of the United Nations Convention

to Combat Desertification and DroughtUNCCD and a Memorandum of @nstanding was signed with

the National Risk Disaster Management Fund of the Republic of Colombia

/ \ nited Nations 7
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This task was undertaken with the conviction of providing useful information to society, allowing for risk
reduction, facilitating disaster management antet implementation of development plans. This
document is one of the outputs with a multidisciplinary, interdisciplinary, participatory, and open
approach, drafted in pursuit of sustainable development from the interpretation of the contributions
made by tle experts who participated in working groups.

| appreciate the support offered by the Secretariat of the United Nations Convention to Combat
Desertification-r UNCCD for the trust placed in the professionals that lead this project.

| want to thank the goup of professionals from the Ministry of Agriculture and Rural Development,

Ministry of the Environment and Sustainable Development; Ministry of Housing, City and Territory;
Ministry of Mines and Energy, IDEAM, DIMAR, SGC, CORPOGUAJIRA, UPME, DRBERRITIAT,
CORPOICA, CAR, FEDEARROZ, FENALCE, FAO, FINAGRO, ECOSAGA, ASOHOFRUCOL, the Superinter
of Public Services, for their inputs and contributions, who with their expertise and lessons learned from

the point of view of affectation in their sectsy made the necessary recommendations on the
weaknesses and possible solutions to consolidate recommendations for an Early Warning System for
Drought in Colombia, which have resulted in this document.

CARLOS IVAN MARQUEZ PEREZ
Managing Director
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INTFODUCTION

In the past decades, Colombia has felt the influence of climate variability phenomena with greater
AaSOSNRAGed ¢KS Y2aild R20dzrSyiSR 2ySa RdzS G2 GKSANI S
bA3lFéd hiKSNR f Al the ek e hiukidanss, @he Maddeh & Juban iBtAseasonal

waves also cause anomalous behaviors in precipitation in different regions of the country, and are
subject of study that are being included in the weekly forecasts and the monthly trends, figr degnts

that appear within the seasonality in tropical areas and that have influence in the rainy and less rainy
seasons.

Likewise, it has been possible to establish that the frequency and intensity of these events continue to
increase, and that theimpact on the national economy has been strong. It is necessary to be prepared
with contingency plans that implement surveillance and monitoring systems to support the generation
of more effective early warnings and alerts that reduce their vulnerabitity rgsk in the face of current
impact scenarios.

One of the concerns of the members of the entities that make up the National Technical Committee for
0KS &adGddzRe 2F (KS -G@™NERREN EEAM, DIKISR/ SGCSBNP WINISTRY OF FOREIGN
AFFAIRSYhich is part of the Permanent Commission for the South PadifRPS, operating since 1977,

is the need to predict with sufficient anticipation the oceaatmospheric changes associated with the
possible occurrence of the El Nifia Nifia phenomena. Ehallows, at a given moment, the reduction of

the risk in the face of climate effects (rain increase or deficit) and reduces the impact that these
phenomena cause in the different productive sectors (agriculture, energy, industry, transport and
health, amamg others).

This possible early prediction is, in turn, extremely important for the entities of the National Disaster
Risk Management System (SNGRD), each of them within their roles, functions and competencies,
including the territorial entities that maage the risk headed by the municipality and department
authorities, and of course for the Regional Autonomous Corporations, as the main regional
environmental entities.

Normally, generalized drought events are associated with the occurrence of El Nifionpéeon,
considering that they have an impact especially when they occur with a moderate or strong intensity,
causing rainfall deficits in the Andean, Caribbean and central and northern regions of the Pacific. It is
noteworthy that in this last region, beg an area of intense rainfall throughout the year, although there
may be a significant decrease in rainfall, this situation does not indicate records with low amounts of
rain that imply a markedly dry condition.

! The Madden & Julian Oscillation (MJO for its abbreviation in English) aseaar intraseasonal fluctuation that propagates

from west to east along the equatorial region in all the planet, with a cycle in the order of 30 to 60 days, as partuséla nat
component of the oceamtmosphere coupled system. The MJO is responsiblenfach of the climate variability on intra
seasonal level (every week) in the equatorial region, causing variations in important Oceanic and atmospheric paranteters, suc
as: speed and direction of the wind at low levels and high in the atmosphere, cloadfitation, surface temperature (SSTS)

sea and surface evaporation in the oceSource: IDEAM
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The most recent drought experience was related to the occurrence of the last El Nifio phenomenon in
201420152016, whose influence in Colombia was manifested precisely by a rain deficit in the rainy
seasons, especially in the Caribbean and Andean regamtgntuating the dry seasons. Its climate

effects and impact were felt in the productive, environmental and all other sectors in the country, due to

GKS FILOG GKIFIG GKSasS aSO02NBRQ 8ASfRa RSLISYyR y2i 2
climae resource.

Despite the fact that the warnings were given with enough time in advance, the execution of the
contingency plan coordinated by the UNGRD cost the country 1.6 trillion pesos (COP), with the
agricultural sector being one of the most affectedtimes of drought. According to data from the
Ministry of Agriculture and Rural Development for the year 2015 during the El Nifio seasc2@®,4

there was an agricultural impact in 1,185,763 ha in 20 departments in the country, with the greatest
impad in Atlantico (403,365 ha), Cérdoba (243,677 ha), Narifio (108,250 ha), Antioquia (92,344 ha) and
Casanare (67,575 ha). Among them, the most affected crops were: cassava, palm, barley, rice, potatoes,
corn, cotton, panela cane, plantain, cocoa, beans, tabasorghum, banana, sugar cane and soybeans.

With regard to the livestock sector, it suffered the effect of a loss of 3,421,590 livestock units in 15
departments in 2015, including cattle, swineguttry, horses, among others. €tbba with 2,389,769
livestock units, followed by Antioquia (465,157 units) and Boyaca (188,818 units) were the departments
which suffered the greatest effects. According to the National Livestock Breeders Association (FNG, for
its acronym in Spanish), in the period between M2BAS5 - January 2016, the partial losses in the
livestock sector reached $632 billion pesos. Looking at these figures is enough to infer that Colombia is
highly vulnerable to extreme weather events.

Under these scenarios, the Ministry of Foreign Affairsspnted in the Session of the Convention to
Combat Desertification in New York held in 2016, the possibility of making a "Pilot Project on Early
Warning for Drought in Colombia", in order to promote among all sectors the drafting of seasonal
drought outlmk strategies, which would serve as an institutional action mechanism in the country for
decisionmakers. This document was prepared by the UNGRD based on the discussions in the ERFEN
Committee.

In a Collaboration Framework, a Memorandum of Understandiag signed between the Secretariat of

the United Nations Convention to Combat DesertificatiddNCCD and the National Fund for Disaster
Risk Management of the Republic of Colombia to develop the Pilot Project on Early Warning Systems for
Droughts in Colmbia, considered very useful in risk management in lieu of future drought periods,
seeking to reduce the negative impact generated by the deficit of water resources on the different
sectors of the Colombian economy.

This document corresponds to a firseport that constitutes the baseline and starting point for
interdisciplinary work with experts in meteorology, hydrology, etc., who are linked to public and private
entities of the agricultural, energy, water and environmental sectors.

The conclusionand basic concepts on drought and warning systems in general that were drawn from
the first Workshop on "Drafting Seasonal Drought Outlook Strategies in Colombia”, where experts from
the entities participated, are part of this document. Likewise, the Nmutio Catalog of
Hydrometeorological Stations of IDEAM and the catalog of other private institutions provided by IDEAM
are included, supplemented with information provided by said entities.
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It also presents inputs or reviews of some early warning systeons fine point of view of monitoring at
the national level and some worldwide as contributions to the knowledge on a topic as important as
drought.

2SS K2LS GKIG GKA&A ¢2N) O2yGNARoO6dziSa G2 | OKAS@GAy3
sysems and models for seasonal prediction in Colombia", with inputs that serve in the preparation of

the baseline to update and coordinate hydrometeorological, soils and vegetation cover monitoring
instruments and tools as components of the Drought Early \Wgr8ystem.
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1. CONCEPTUAL FRAMEWORK

1.1.Concepts

In order to establish a reference level that allows unifying the different concepts related to drought in a
certain way, some of them are included below:

1.1.1. Weather

There are different ways to describe the definition weather. Perhaps the most basic ofestairiishes

that it is the state of the atmosphere in a specific moment and place through the measurement of the
behavior of the different elements of climate, namely: precipitation, temperature, relative humidity,
pressure, solar radiation among otherSometimes, in some of the definitions, the atmospheric
phenomena that occur in very short term, such as fog, mist and rays, are involved, but always
emphasizing that they are registered in term of hours. Instrumental and sensory or visual observations
are taken into account to determine weather. Aspects such as visibility, cloud types and others stand
out.

It should be noted that the weather can be forecasted from the analysis of various data and from
information processed from them. Examples of this psscare synoptic maps or time maps.

1.1.2. Climate

On many occasions, climate is usually defined as the average state of the atmosphere. Thus, they are the
set of conditions that characterize the average state of the atmosphere (observations of long periods of
time, usually not less than 30 years, known as Climate Standards). That is to say, in order to get to know
the climate of a certain area, it is necessary to have a good record of climate variables with which it is
possible to establish the average behawbeach of them throughout the year, which is known in many
areas as the annual cycle. Likewise, from the data of different stations on a certain area, it is possible to
establish the spatial behavior of each one of the variables.

Due to the above, the weather conditions, which in various scenarios and situations is only recognized as
"weather", determines the activity of the phenomena present in the atmosphere in a lapse of hours or
very few days. When analysis of data of extengedliods is carried out, the determination of the
averages allows talking about climate.

1.1.3. Climate Variability

Refers to the fluctuations in climate observed during relatively short periods of time. There are different

scales within climate variability, weh are largely defined by the chronological time scale in which they

present themselves: seasonal, which corresponds to the fluctuations between seasons of greater and
lower rainfall; intraseasonal refers to those fluctuations that occur between seasoperiods that can

range between 30 and 60 days, interanual, which occurs between years and where El Nifio Oscillation of

the South (ENSO) Phenomenon stands out; and interdecadal which determines fluctuations that occur
between decades. Phenomena assoi® (12 (GKSaS aorftSa FFFSOG GKS 02d
find wetter and drier years. This situation allows determining that climate one year is different from any
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other, and that it is influenced not only by the "normal” transit of the Intepical Confluence Zone
(from south to north during the first semester of the year and vice versa during the second semester),
but also in turn, by the ocean atmospheric dynamics in the Atlantic and the Pacific, seen in a global
context.

El Nifio Phenomeno

Although some climate variability phenomena can be recognized and distinguished that in one way or
another support or inhibit rainfall in the national territory, emphasis is placed on the occurrence of El
Nifilo, due to its impact associated with railfdeficits in a large part of the country. This generates
droughts, especially when its duration is prolonged and its intensity is significant.

ENSO phenomena are formed in the tropical Pacific Ocean, and in their warm phase they are known as
El Nifo. Inorder for it to form, the surface is required to present a weakening of trade winds that
normally blow from the east. In this situation winds begin to predominate in the west, bringing warm
waters from the west to the center and east of the Pacific baalhen the coupling between the ocean

and the atmosphere is evident, that is to say, when the warming of waters is clear (positive anomalies in
surface temperature of the sea in a good part of the tropical Pacific) and there is an evident
predominance of wsterly winds, it is said that the phenomenon has been consolidated (figures 1 and 2).

In the study of the dynamics and evolution towards a possible El Nifio event, the term anomaly is
Ayo2t SR LG A& OF f Odz I G SR 0 | sr&Rterddyalug &8 its Bverage.S NB y O
In this context, not only the anomalies of the surface and subsurface temperatures of the sea (as main
oceanic indicators) are evaluated, but also the anomalies of the winds in surface and in height and
another series oindicators of the ocean and the atmosphere. These determine the coupling of the
atmosphere and the ocean. In addition, some indexes and indicators are evaluated to determine the
possible development of an El Nifio phenomenon.

@ Celda de
M}_} Walker

Termoclina

120°E 80°W

Figurel. Scheme where the oceatmosphere conditions are visualized under a neutral scenario. The surface winds flowing
from the East (white arrows); warmer waters on the surface to the westgradge colors) and cooler to the east (gredne);
the thermoclhe, which corresponds to the line that joins points where the water temperature is equal to 23°C, with an
inclination that allows to have fresh waters close to the surface in the eastern tropical Paaifice: edited from
NOAA/PMEL/TAO
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Termoclina

120°E 80°W

Figure2. Scheme where the oceaaimosphere conditions are visualized under an EL NINO scenario. The winds on the surface
change direction and begin to flow from the West (white arrows); Warmer waters on the surface expand along the tropical
Padfic (redorange colors); The thermocline, which corresponds to the line joining points where the water temperature is equal
to 23°C, is deepened especially in the cerdast of the tropical Pacific, resulting in the deepening of the fresh water in the

east. Source: edited from NOAA/PMEL/TAO

Within these indicators, the National Oceanic and Atmospheric Administration (NOAA) of the United
States has developed the Oceanic El Nifio Index (ONI), which is the international indicator that is most
recognized and sed to determine the beginning, duration and intensity of an El Nifio Phenomenon. Its
calculation is based the behavior of sea surface temperature anomalies in the Nifio 3.4 region (Figure 3),
with the need to have at least five (5) consecutive months witbraalyvalues greateor equal to 0.5°C.

To the extent that the duration under these conditions is greater and the values significantly distance
themselves from the threshold, the El Nifio event can be cataloged as intense.

"Nino 34

b f : Nmo1+2\

180w 140% 120% 100w sae

Figure3. For various operational and investigative purposes, the tropical Pacific Ocean has been divided into 4 regions; Within
them, Region 1 + 2 is the closest to the South American continent, the Nifio 3 contiguous to the previous one, Nifio4 over the
Westen Pacific and Nifio 3.4 over the central zone with a portion of each of the Regions 3 and 4. Graphic source: NCDC/NOAA.
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In that order of ideas, the magnitude of the climate effects of an El Nifio phenomenon responds largely
to the intensity of the event. It is worth mentioning that, in the presence of an El Nifio, rainfall amounts
are usually below the monthly averages of thistorical series, especially in the Caribbean, Andean and
Pacific regions. However, as IDEAM has pointed out in various scenarios before Risk Management
entities, the SINA, productive sectors and media, among others, an El Nifio phenomenon does not
suppress rainy seasons, but tends to weaken them.

Its climate effect not only results in a deficit of precipitation. A considerable increase in air temperature
is also notorious, with higher levels of solar radiation and therefore notorious increases in
evapotranspiration. Additionally, it is important to emphasize that El Nifio phenomena reach their
greatest intensity towards the end and beginning of the year, just when the dry season (less rainfall)
occurs in most of the country, making droughts more criticahany areas of the Caribbean and Andean
regions. This suggests that the magnitude of the climate effect also depends on the time of year.
Emphasis is also placed on the fact that the Pacific region (an area in which rainfall volumes are
significant througout the year), beyond being able to have a deficit effect due to the presence of an El
Nifio, fails to be impacted so that a drought process in that region can be glimpsed.

Now, it is important to clarify that climate effect another the impact are twoedéht things. The latter
is more associated with the vulnerability of each socioeconomic sector and the ecosystem itself.

Given this panorama, an inquiry is usually posed on the periodicity or frequency with which the ENSO
phenomena take place. Most of tHaerature indicates that they can appear between every 2 and 7
years, which suggests a significant uncertainty in relation to the prediction of an El Nifio event associated
with the referred frequency. On average, the warm EI Nino phase usually lastsxepately between 8

10 months. However, it is still under study given that the duration and frequency with which it happens
is not fixed.

1.1.4. Climate Change
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studies, it has been possible to establish cold (glacial) and warm (interglacial) periods, linked to changes

in the energy received from the sun, known as solar radiation. The above is known in the field of science

as natural climate change. Another perspeetof the concept is associated with anthropic activities. The

close relationship between the increase in greenhouse gases and the increase in air temperature
worldwide is notorious. This situation has been more evident since the 1940s in the immediately
preceding century, that is, almost 80 years ago, just coinciding with the industrial revolution.

To be able to establish climate trends and therefore climate change, there must be series of records of
at least 30 years. When we talk about shorter climatgatans in the time scale we can be referring to
climate variability in one of its different scales, or to meteorological phenomena in the scale of hours or
few days.

At a national level, the analyses and research carried out by Professor Thomas VamdegrHin some
sectors of the Cundiboyacense Highlands, allowed verifying the occurrence of other glaciations prior to
the last, but there is still no absolute chronology of them. There is a chronology of climate changes and
variations in vegetation.

This imate change, more significant now that in the recent past, is given mainly by changes in variables
such as temperature, precipitation and humidity mainly. Studies and more recent analyses show that the

V/ Ur\lted Nations 16
AN 4 )

S L l\




temperature trend around the world is rising, whilee behavior in terms of rain is differential. There

are areas where there is a trend towards less rain, and there are others which show that rain has tended

to increase. In addition, in regards to rain, it has been established that it is now more cororhene
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scenarios of erosion and sedimentation, with the aggravating and growing increase of deforestation in

some areas of the country.

The relationstp indicated between the increase in the emission and accumulation of greenhouse gases
in the atmosphere such as carbon dioxide (CO2), methane (CH4), sulfur dioxide (SO2) and nitrous oxides
(NOXx), the increase in temperature has been generating relevambmalgchanges. In this context, in
various situations, especially when extreme events occur, there is a tendency to associate climate
change with events of another scale such as tropical cyclones (meteorological phenomena) or as ENSO
phenomena (climate vability), among others. Basically, the aforementioned association has reached
conclusions related to a greater frequency of strong events. This way, an influence of climate change on
the El Nifio phenomena has been considered, with the consequences airesdipned associated with
drought.

1.1.5. Drought

The most basic definition of drought is related to the lack of rain for a significant period of time, during
which the demand for water, given by the needs and requirements of plants, animals and human beings,
exceeds the availability of water resources.

In order to better contextualize drought, some definitions will be mentioned:

Normal and recurrent climate characteristic. It occurs practically in all climate zones. It is originated by a
deficiency in precipition for a long period of time considering the area’s normal characteristics, and
consequently brings a water shortage that affects both human beings and nature. (Moreno, M., 2004)

Temporary absence or shortage of water in a region compared to the usnditions within water
availability of soils. A drought is a period of unusually dry weather that persists long enough to cause
economic, environmental or social problems. (Terminology on Disaster Risk Management and
Threatening Phenomena, UNGRD, 2017)

A phenomenon that occurs naturally when rains have been considerably lower than the normal levels
recorded, causing an acute water imbalance that harms the production systems of land resources.
(United Nations Convention Against Desertification in Countriésctéd by Severe Drought and
Desertification, 2004)

Drought is a harmful and silent phenomenon that occurs as a result of levels of precipitation being lower

than expected or than normal, and that, when it lasts for a season or for longer periods, reanfdisto
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Organization, 2006)

A drought is such when the phenomenon has adverse effects on man. This way, if there is a period of zero
or scarce precipitation copared to the normal rainfall records for a given area that affects local
ecosystems but does not have consequences for human beings and their activities, it should not be
considered as a drought. However, if the same conditions are present and conseguerateserved on

man or his activities, a drought should be considered. (National Drought Mitigation Center, 2003).
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In the workshop held on October 19th as part of the project in question, work was done with experts
that were divided into five working gr@s according to the sector (environment, energy, agriculture (2)
and water). The methodology consisted in making them aware of all the previous definitions as well as
the types of droughts, so that they elaborated on one or assumed one of these defiritioesch
working group, according to their subject matter and effect. In the end, by consensus, only one
definition was obtained. (See table 1)

Some groups defined drought in their own words. Others, such as the water sector working group and
one of the gricultural sector working groups, took into account the definitions of hydrological drought
and agricultural drought respectively, taken from the document (Drought in Colombia technical note,
IDEAM, 2006). These definitions were also socialized in th&sop. In the end, by consensus, the
definition of the energy sector was adopted.

Although sudden water level increases and landslides are often recognized as extreme events that
generate the most disasters in many areas, droughts associated with the "upsurge" of a dry season can
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Of course, in this situation causes a setback in the socioeconomic activities of the region that suffers the
effects of the drought, sometimes having an impact on the national economy. Not only is its negative
impact notorious in agriculture, but the decrease in the water supply also causes pastures to die and, in
extreme cases, there is the death not only of flora, but also fauna.

In Colombia, drought events have a high impact in different municipalitiéseo€ountry. Thus, in the
presence of moderate to strong intensity of ElI Nifio phenomena, water shortages are recorded in various
sources that supply rural and municipal aqueducts.

Another important aspect is the impact that the changes that have beendgiace in the rain patterns

have on drought, especially because their distribution over a month is now more heterogeneous than in
the past. This situation means that drought events can occur and increase in dry seasons (with less
rainfall), especially heveen December and March, when in many strategic areas of the country there is
fewer or no rainfall.

1.1.6. Types of Drought

As it was possible to observe in the technical working groups in the aforementioned workshop,
depending on the context of each sectoretle are usually different definitions that, beyond being very
close conceptually, have some difference related basically to the impact that a drought event has in each
of them. Additionally, it is important to mention that there are several the approatbeke different

types of drought, mainly considering meteorological, climatological, hydrological and edaphological
variables.

Meteorological Drought:

This drought is based on a single parameter, the amount of precipitation recorded due to given
atmospteric conditions compared to the historical record of average rainfall for an area or region; if
there is reduction of precipitation, there was meteorological drought. (Drought in Colombia. Technical
note, IDEAM, 2006)

/ \ nited Nations 18
'\!GBD GOBIERNO DE COLOMBIA (&2} Corventont




Tablel. Defnition of Drought by sectors

SECTOR

DEFINITION

EnvironmentSector

Deficiencyin water availability during a given period of time that is
outside the normal thresholds, whose impacts depend on the
particular conditions of each territory such as: environmental offer
(water and ecosystem),capacity and land use, and resilience of
communitiesandthe ecosystems.

EnergySector

An anomalousdecreasein rainfall with respectto historicalaverages,
which affects the natural hydrologicalcyclesas well as production

systemsand other environmentaland sociceconomicactivitiesin the

countryor regionin particular.

Agriculture Sector-Working Group
1.

This sector agreed with the
definition of agriculturaldrought of
the document (Drought in
Colombia, technical note, IDEAM,
2006)

Agricultural Drought: Agricultural drought occurs when the water
expected either by precipitation or storage in the soil or in the
different bodies of water is not enough for the cropsto grow and
develop properly. Its impact is limited to the state of the cropsand
does not take into accountany other consequenceshat a drought
may cause.

Agriculture Sector-Working Group
2.

Atypical hydro-meteorologicalevent characterizedby the deficit of
the water resourcethat is not enoughto satisfythe environmental,
socialand economica & & (i &M4nhd,causinga negativeimpact on
the ecosystenandlivelihoodsin the population.

Water Sector

This sector agreed with the
definition of hydrological drought
of the document (Drought in
Colombia, technical note, IDEAM,
2006)

HydrologicaDrought Associatedwith the effectsof low precipitation
periodson the supplyof surfaceor groundwater. The frequencyand
severity of this drought is often defined by the level of the rivers or
other scales.In addition, this drought is usually different from the
occurrenceof meteorologicalor agriculturaldrought. Thisis due to
the fact that it takesmore time for precipitation deficienciesin the
componentsof the water systemto be evident, suchassoil moisture,
river levels,lakes,reservoirsand groundwater. Althoughclimateis the
main contributor to hydrological drought, other factors such as
changesin land use, soil degradation and construction of dams,
amongothers,affectandl NJSHydpddogicakharacteristics.

GENERAL
CONSENSUS

DEFINITION  BY

Abnormal decreasein rainfall with respect to historical averages
which affects natural hydrological cycles and affects production
systemsand other environmentaland socioeconomi@ctivitiesin the
countryor inaparticularregion.
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It is usually dned from a threshold of precipitation deficit that is reached during a predetermined
period of time. The chosen threshold (for example, 75% of normal precipitation) and the duration (for
example, six months) will vary depending on the location and ddpghd 2y (KS dza SNAQ
activities (World Meteorological Organization, 2006 ).

According to its definition, meteorological drought is the origin of the other types of drought. In turn,
the origin of the scarcity in rainfall can be attributed to an dearbation” of dry conditions or less
rainfall due to alterations in the oceaatmosphere system, as a result of natural climate variability
processes or others caused by man.

Meteorological drought may refer in Colombia to the seasonality of dry sedsoiass rainy seasons),
especially in sectors of the Caribbean, Andean and Orinoquia regions. Here it is important to mention
the clear differences that occur all over the country in terms of these seasons. While in some areas of
the Caribbean coast it imormal to have fewer or null rainfall (from January and until much of April), in
many sectors of the Orinoquia and the Andean departments, these seasons (regularly between January
and March) usually have small amounts of precipitation, logically decgpasiair intensity and
frequency in relation to the rainy months.

Therefore, in order to analyze meteorological drought in Colombia, one should not only consider the
seasonality of dry seasons (or seasons of less rainfall), but also the climate valiakdidylargely to the
occurrence of the El Nifio phenomenon and the trends in weather patterns as a result of climate change.
Finally, it is important to mention that this type of drought does not only involve precipitation. The
anomalous behavior of othaslimate variables in the aforementioned seasons may mean an increase in
temperature as well as important changes in winds, solar radiation and humidity that result in an
increase in evapotranspiration. This suggests reductions in the infiltration of watdre soil, lower
runoff rates, and therefore a decrease in the normal storage of groundwater.

Agricultural Drought:

Agricultural drought occurs when the water that exists either from precipitation or from storage in the
soil or in the different bodiesf water is not enough for crops to grow and develop properly. Its impact is
limited to the state of the crops and does not consider any other consequences that a drought may
cause. (Drought in Colombia. Technical note, IDEAM, 2006)

It is usually definedh terms of the availability of water in the soils for crop support and for the growth of
the forage species, and depends on the capacity of water filtration in the soil, as some soils have a high
water retention capacity and some others do not. The tattee more prone to agricultural droughts.
(World Meteorological Organization, 2006)

Hydrological Drought:

Associated to the effects of low precipitation periods on the supply of surface or groundwater. The
frequency and severity of this drought is oftéefined by the level of the rivers or other scales. In
addition, this drought is usually far from the occurrence of a meteorological or an agricultural drought.
This is due to the fact that it takes more time for precipitation deficiencies in the contparfetihe

water system to be evident, such as soil moisture, river levels, lakes, reservoirs and groundwater.
Although climate is the main contributor to hydrological drought, other factors such as changes in land
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use, soil degradation and constructiondsfms, among others, affect the hydrological characteristics of
an area. (Drought in Colombia. Technical note, IDEAM, 2006)

Socieeconomic Drought:

The socieconomic drought differs markedly from other types of drought because it reflects the
relationshp between the supply and demand of basic commodities, such as water, animal feed or
hydroelectric energy, which depend on rainfall. The offer varies annually depending on rainfall or water
availability. Demand also fluctuates and tends to rise due tdrtbeease in population or development,
among other factors. Source: WMO Document #1006.

An example of how socioeconomic drought affects Colombia can be the situation faced during the
months of December, January, February and March, being the months evitbst rainfall in the
Caribbean and Andean regions. The great influx of people towards these regions during these months,
which coincide with the holiday season, makes the demand for water and energy the highest of the year,
and when it is under the influece of an El Nifio event, it is even more severe. According to the report by
the National Planning Department, the last El Nifio phenomenon cost the country 0.6% of its GDP.

To speak of socioeconomic drought it is not necessary to have a restriction in sugdply, but it is
enough to have any economic sector affected by the water shortage with unfavorable economic
consequences. The increasing pressure of human activity on water resources means that the incidence
of socioeconomic drought is growing, with cieasing economic losses (Taken from:
http://www.mapama.gob.es Source: Ministry of Agriculture and Fishing, Food and Environment
Government of Spain).

The experts at the workshop made some notes to keep in mind when talking about drought, such as:

1 The definition must be differentiated by sector, however, there must be a homogeneous
indicator.

9 Starting from definitions that include drought per each sector to learn about thresholds of

impact; not a definition per sector but a definition of indicators gector (water balance) for

example.

Always starting from the definition of meteorological drought.

Keep in mind that drought is a threat, depending on the productive activity or system, it must

have variables to be monitored by the system.

=a =

1.1.7. EarlyWarning System EWS

Early Warning Systems have become fundamental tools that are part of the Risk Management process in
its risk knowledge component. National strategies for sustainable development must have programs for
risk reduction and mitigation fanatural disasters, with planning, early warning and emergency response
as a fundamental part of these processes.

To put this in context, some definitions are presented below:
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Early Warning Systems are tools that provide timely and effective informétiawugh identified
technical, scientific and community institutions, through tools and elements that allow individuals
exposed to a latent threat to make decisions to avoid or reduce being at risk and their preparation so
that they can provide an adequatesponse taking their capacities into account UNGRD, 2015)

The ISDRspeaks of the "set of capabilities necessary to generate and disseminate, in a timely and
effective manner, warning information that allows threatened individuals, communities and
organizations to prepare and act appropriately and with enough time to reduce the possibility of damage
or loss."

An EWS is a set of coordinated procedures through which information on predictable threats is collected
and processed, in order to alert thpopulation to a natural phenomenon that may cause disasters,
improve emergency response to minimize damage and social impacts, helping to reduce the litynerabi
of the population. (IDIGER

As can be seen, an optimal conceptualization of an early warsystem leads to tools, coordination,
procedures and timely and effective communication so that the community can prepare in advance to
reduce or minimize damage or loss.

From an operational point of view, an EWS seeks to alert with due priority by disierse mechanisms

and analysis tools, through sound, visual and other alarms, on the need to transition towards such a
state (threshold), that indicates a high probability of occurrence of a given phenomenon that can
generate a disaster with the consegpuces that it entails.

This information issued through alarms must quickly reach the disaster risk reduction and management
entities and the municipal and departmental Coordinators, to set forth all the prevention actions with
the purpose of safeguardinijves and reducing the negative impact at all levels, before the possible
occurrence of a disastrous event. Therefore, as far as possible, the EWS must include processes that
range from community participation to the inclusion of a technology that mahkessiystem efficient,

timely and effective.

As a basis for any Early Warning System, it is necessary to establish and have the susceptibility
information for a given event, which is the result of phys@gabgraphical, socioeconomic and
environmental condions, among others, that allow determining those areas where the first level of
observation must be established within the EWS. Based on this susceptibility, historical information must
be collected in order to determine both the triggers and the thredbalhat "give rise" to an event,

which ultimately allows the threat to be fireined. It must be constantly followed up and monitored.

With this historical information, vulnerability scenarios are also built, establishing the risk of a certain
area or regpn in a high percentage.

This way, an EWS requires decisioakers to be aware of their risk with a high commitment and
dzy RSNRGFYRAY3 2F GKS aeadsSvyQa AyaSaNrtidezr GKS IO
of them.

2 United Nations International Strategy for Disaster Reduction.
3 .
http://www.sire.gov.co/web/guest/sat
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Likewise, importan logistics aspects must be taken. There must be adequate coordination between
different risk management organisms, as well as the coordination and organization thereof, with clear
functions and roles within the Early Warning System.

It is essential tgather information from thematic bases based on the recognition of the susceptibility to
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others. This added to the risk to a certain type of evertiolr must be known, recognized, assessed and
dimensioned not only by sectorial and territorial organizations, but also by the common citizen through
socialization processes focused on the recognition of their risk.

Therefore, it is imperative for the pofation to recognize its risk and the responsibilities it must bear
within the early warning system.

The current early warning systems literature involves a response capacity, as we will see in the next
item.

1.1.8. Early Warning System ComponertEWS

One ofthe exercises in the first workshop that was part of this project was the conceptualization of a
drought early warning system, taking the four components outlined in the platform for the promotion of
UN/ISDR Early Warning (see Figure 4) as a basis.

Beinga) risk knowledge; (b) monitoring, data processing, product development and issuance of alerts; c)
communication and dissemination of alerts; and d) institutional and community responsiveness

Are the hazards and the
vulnerabilities well known?
What are the patterns and
trends in these factors?
Are risk maps and data
widely available?

Are the right parameters
being monitored?

Is there a sound scientific
basis for making forecasts?
Can accurate and timely
warnings be generated?

Are response plans up

D ' h all
0 Wamings reach 2 to date and tested?

of those at risk?

Are the risks and Are local capacities and
warnings understood? knowledge made use of?
Is the warning information Are people prepared and

clear and useable? ready to react to warnings?

Figured. Source: Platform for thpromotion of an ISDR/UN Early Warning System
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5 working groups were organized, distributed by sectors: agriculture sector (2), environment sector,
water sector and energy sector. Paper cards with names of different parameters or characteristics that
were part of each of the four components of the early warning system that would be taken as a

reference were randomly distributed (See figuye 5

Figure5. Expert participants in the workshop.

After the agreements, each workirgroup was located according to their criteria, with the cards with
the names under each component. After discussions with the group in general, we relocated the names
of the parameterghat belonged to each componefEee figure 6)

Figure6. Group Work on construction of EWS by drought

Desertification
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This exercise gave us the criteria to prepare an outline of an early warning system for drought in
Colombia (See figure.7)

Climate monitoring

General Methodoly

Oceanic and
atmospheric indices
with tendency and
characteristic of an
El Nifio
phenomenon

Initial warning
call to a possible

The National System
for Disaster Risk

Management-
SNGRD is activated

El Nifio
phenomenon

Climate Prediction Committee

\ 4

EARLY WARNING SYSTEM DROUGHT IN COLOMBIA
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Figure7. Early Warnin@ystem due to drought in Colombia Scheme
(authors' own development)
This starts from the Climate Surveillance made by the IDEAM as one of the functions of the
meteorological services, and which is the official entity that is part of the DisasteN&iskal System
SNGRD as a technical body that supports the system.

It is continuously monitoring the climate variability phenomena, including El NiBa Nifia ENSO
phenomena, and particularly on drought the threat, EI Nino becomes relevant. Withwib analyses

and reports of international entities such as NOAA, IRI, CIIFEN, world climate centers, it performs follow
ups on ocearatmospheric indicators, runs dynamic and statistical climate prediction models, analyzes
international models among margther products and issues monthly bulletins on climate forecasts as
part of this process. If the analyses of the ocean and atmosphere indices are manifested with a trend of
characteristics proper of an El Nifio phenomenon (see section 2.1.3, Climate Ngriddi Nifio
Phenomenon), the monitoring of these variables in order to make a first announcement of the
probability of the formation of an El Nifio phenomenon is intensified and as of this moment the Disaster
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Risk Management National SysteBNGRD is aetited. This is the starting point of the Early Warning
System due to Drought process in Colombia.

As the diagram shows, this system has been based on four main components: a) risk knowledge and
analysis; b) monitoring, product development and reportingc@mmunication and dissemination of the
alert, and d) response capacity.

An Early Warning System is not only comprised of Monitoring, product development and reporting; it
must also be effective and timely in the communication and dissemination cdilére as a component

and in the response capacity.
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2. LEGAL FRAMEWORK

International benchmarks such as the Sendai Framework for Disaster Risk Reducti20201bat was
approved at the ThirdJnited Nations World Conference on Disaster Risk Reduction, held from March
14th to 18th, 2015 in Sendai, Miyagi (Japan) mentioned in its Priority 4. "Increase disaster preparedness
in order to give an effective response and better rebuild the areas cbvwery, rehabilitation and
NEO2yaldNHzOGAZ2YE YR Ay LI NI INILK oo Ay Ada LI NI o
warning and multthreatening prediction systems that are multisectorial and peeg#atered,
communication mechanisms 1fo emergencies and disaster risks, social technologies and
telecommunications systems for threat monitoring, and invest in them; develop those systems through a
participatory process; adapt them to the needs of users, taking into account social and cultural
particularities, especially gender; promote the use of simple anddost early warning equipment and
facilities; and expand the channels of dissemination of early warning information on natural disasters.

Other international bodies such as the UnitBiéitions Convention to Combat Desertification (UNCCD,
UNCCD) were approved on June 17th, 1994 in Paris and opened for signature on October 14th, 1994. It
became effective on December 26th, 1996. The Colombian Government, concerned about the
continuous and mfound processes of land degradation and its negative impact on environmental,
economic and social conditions, ratified it through Law 461 of August 4th, 1998, becoming part of it as of
September 8th, 1999. Source: Third National Report on the Implementatf the United Nations
Convention to Combat Desertification and Drought. Bogota, D.C. Colombia, Ministry of Environment,
Housing and Territorial Development/UNCCD Secretariat, 2007.

In compliance with the international commitments acquired by Colondsisa UNCCD country, it has
delivered to the UNCCD Secretariat three national reports on the implementation of the Convention in
April 2000, April 2002 and the third report in 2007, especially those related to the development of the
National Action Plan t€ombat Desertificatioand Drought in Colombia (PAN).

The regulations that govern Colombia in relation to the components of the early warning system and
drought are listed below.

Table2. Legal Framework

ENTITY NORMATIVITY
Law99, 1993"Wherebythe Ministry of the Environments created,the Public
Sectorin chargeof the managementand conservationof the environment
. and renewablenatural resourcesis reorganizedthe National Environnental
Presidencyf the . . . . .
Republicof System_,SINA|s orgamzed,anq other provisionsare dfctellted Art. 16. The
Colombia IDEAM s created as the entity in charge of establishingand operating
national oceanographic,tide-measuring, meteorological and hydrological
infrastructuresto provide information, predictions, warnings and advisory
servicedo the community.
Presidencyof the DECRERS811, 1974 "Whereby the National Code of RenewableNatural
Republicof Resourcesand Protection of the Environmentis issued." MINISTRYOF
Colombia AGRICULTURE.
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Ministry of the
Environmentand

Sustainable

Development

LAW 373, 1997 "Whereby the program for the efficient use and savingof
water is established".

Presidencyf the
Republicof
Colombia

Decree308, 2016 "Wherebythe National DisasterRiskManagementPlanis
adopted".

Law 1523, 2012. "Whereby the national disasterrisk managementpolicy is
adopted and the National DisasterRiskManagementSystemis established
andother provisionsareissued"

Law 1523, 2012 Chapter| (Article 3) 2. Protection principle: Residentsin
Colombiamust be protected by the authoritiesin their life and physicaland
mental integrity, in their property and in their collective rights to public
security, tranquility and health and to enjoy a healthy environment, in the
face of possibledisastersor dangerousphenomenathat threaten or inflict
damageto the valuesenunciated.(Article 4: Definitions)Warning: Statethat
is declaredprior to the manifestation of a dangerousevent, basedon the
monitoring of the behavior of the respective phenomenon, so that the
entities and the population involved activate previously establishedaction
procedures.

Law 1575, 2012. "Whereby the generallaw of firefighters of Colombia is
established"

Law1753,2015."Wherebythe NationalDevelopmentlan20142018"Todos
por un Nuevopais"isissued(ChapterVlI GreenGrowth - monitoring).

Ministry of
NationalDefense

DecreelLaw 2324, 1984, reorganizesthe DIMARand givesit the following
functions: - To regulate, authorize and control the constructionand use of
artificialislandsand structuresin the areasof its jurisdiction.

Decree 5057, 2009. By which the structure of the National Ministry of
Defense - General Maritime Directorate is partially modified and other
provisionsare dictated. Article 6. The function of the CIOHis: To study and
executeresearchprojectsand evaluationof oceanographichydrographicand
marine pollution phenomena, in accordancewith the programs of the
GeneralMaritime Directorate.

Resolution 0154, 2014. "Whereby the guidelines for the drafting of
Emergencyand ContingencyPlansfor disastersand emergencymanagement
associatedwith the provisionof public servicesof home water, sewageand

Ministry of sanitationare adoptedand other provisionsare issued"
Housing Cityand
Territory Decree 1077, 2015, book 2 Regulatoryregime of the housing, city and
territory sector,part 2 Structureof the territorial developmentsector, Title 2
Planning for territorial zoning, chapter 1 territorial zoning instruments,
Section3 "Incorporationof RiskManagementn Territorial ZoningPlans".
Presidencyfthe | DECREE600, 1994 "Whereby the National EnvironmentalSystem-SINAis
Republicof partially regulated in relation to the National Systemsof Environmental
Colombia Researcland Environmentalnformation".

NGRD GOBIERNO DE COLOMBIA vt:@?y ‘”‘”“e"”?f“’l“s

Sistema Naci

74

>~ tor




Presidencyf the
Republicof
Colombia

DECREE729, 2002 "Whereby Part XllI, Title 2, Chapterlll of Decreelaw
2811,19740n hydrographichasinsis regulated,partially point 12 of article 5
of Law99, 1993and other provisionsare dictated".

Ministry of the
Environment,
Housingand
Territorial
Development.

DECRERB100, 2003 "Whereby the remunerationrates are regulated by the
direct use of water as recipient of the punctual dischargesand other
determinationsare made".

Ministry of the
Environment,
Housingand
Territorial
Development.

DECREE742,2005"Wherebyarticle 12 of Decreel55,2004,is modified by
meansof which article 43 of Law99 of 1993 on ratesby utilization of waters"
isregulated.

Ministry for Social
Protection

DECREE575, 2007 "Wherebythe Systemfor the Protectionand Control of
Water Qualityfor HumanConsumptioris established."

Ministry of the
Environment,
Housingand
Territorial
Development.

DECREEL480, 2007, "Whereby the zoning and intervention of some
hydrographicbasinsis prioritized at a nationallevel and other provisionsare
dictated".

Ministry of the
Environment,
Housingand
Territorial
Development.

DECREE323, 2007 "Wherebythe Water Resourcdnformation System-SIRH
iscreated".

Ministry of the
Environment,
Housingand
Territorial
Development.

DECREB930,2010"Whereby partially Title | of Law9, 1979, aswell asthe
Chapter11 of Title VIPart 11+ Book 11 of the Decree- Law2811,1974,is
regulated regarding the uses of the water and liquid residuesand other
provisionsare dictated."

Ministry of the
Environmentand

Sustainable

Development

DECREE640,2012,"Wherebythe instrumentsfor the planning,zoningand
managementof the river basins and aquifers are regulated and other
dispositionsare dictated".

Ministry of the
Environment,
Housingand
Territorial
Developent

DECREBR)76,2015,compilationof Decreel277,1994,wherebythe Institute

of Hydrobgy, Meteorology and EnvironmentalStudiesIDEAMis organized
and establishedandthe entity is assignedn numeral6 of article 2.2.8.8.1.15
the function of providing,to the extent of its technicalcapacity,the services
of forecasts,warningsand alerts of a hydrometeorologicalnature for the

National Systemof DisasterPreventionand Attention, air, maritime, fluvial

and terrestrial transport, agricultural, energy, industrial sectors and those
that require it, in accordancewith the aforementionedarticle 2.2.8.8.1.2%f

the mentioneddecree,indicatesthat IDEAMis the official sourceof scientific
information in hydrologyand meteorologyof the country.

Source: Own development.
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3. BACKGROUND OF DROUGHT IN
COLOMBIA
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3. BACKGROUND OF DROUGHT IN COLOMBIA

Colombia has regions of little rain, and when it comes to zoning dry regions it is done by climatic factors,
although there are other indicators which should be taken into account such as the geomorphological
indicator.

Colombia has 245,342 km2 in dry areas, that is to say approximately 21.5% of the country. The Orinoquia
and Caribbean regions have the greatest extension of these areas, with 94,096 and 91,522 km2
respectively. In the Andean region the distriloen of dry areas is related to the valleys and canyons in

rain shadow. In the Orinoquia region, the savannas of Vichada, Casanare and Arauca are affected. In the
Caribbean region, 72,81% is found in savannas, swamps, gallery forests and mangrovebewiieht

of the mountainous region of the Sierra Nevada of Santa Marta is different frofn this

The most concerning situation in the country is when there is a significant decrease in rainfall in those
dry areas which has an impact on agricultural prodct livestock, electric power generation, and
water supply, among others. This leads to a socioeconomic impact with serious repercussions for the
Colombian population.

From the beginning of this document we have been mentioning the great influencethtedEl Nifio
phenomenon exerts on the rainfall deficit conditions in the country. The most complete studies on
climate variability phenomena are the ones referring to this event. From the lesson learned from the El
Nifio phenomenon in 1991992, when Colombi was forced to have a blackout (power cut) in 1992,
some productive sectors have been more attentive to the follgwof this event. This has happened
particularly the energy sector, that despite the fact that the El Nifio phenomena of1999 and 2014
20152016 have had oceaatmospheric characteristics and stronger climate effects, this sector has
emerged well. Other sectors such as agriculture and water and environment sectors have had greater
impact. According to the report of the National Planningp@#ment, the national economic loss in 2015
caused by the effect of forest fires was approximately $476 billion pesos, equivalent to 0,063% of GDP in
2015. By regions, the Andean region in the Cefiast (Cundinamarca, Boyaca, Santander and Bogotd)

is the most affected one, with losses of $112,438 million, represented in 6,498 hectares, followed by the
Caribbean, Plains, Pacific, South Central, and Coffee Growing regions.

3.1.Characterization of Droughts

Droughts can be categorized according to thebtensity, duration, and affected area. When talking
about intensity, it refers to the deficit of precipitation and effects associated with this drop. Its
magnitude is determined depending on the monthly values that are below the ranges that normally
occur. For example, rains have abnormalities of 30% below normal or the river level is 2 meters below
historical records. Also, the magnitude of the drought can refer to the normalized precipitation index.

The duration is also part of the characterizationtioé drought. For example in Colombia, under the
influence of the El Nifio Phenomenon that has its maximum phase at the end of the year and the
beginning of the following year, and considering that this situation coincides with the season with lowest

* Source: "Diagnosis elements and recommendations of action to be included in the national action plan in the fight against
desertification and management of dryland ecosystems in Color(f#N) phase 1. IDEAM 2003 "
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rainfal in the year, more surveillance should be activated in order to determine if this season goes
beyond the months in which seasonality normally occurs. The magnitude of the effects depends on the
time of year in which the rainfall reduction begins. In soo@ses the reduction begins during the
months of October and November, which are the wettest months of the year in the Caribbean and
Andean regions, and that aggravates the situation due to the deficit in the months of lower rainfall.

In Colombia, the ente country is not affected by precipitation deficit; however, the exposed areas
correspond to the most populated areas which demand the resources of the productive sectors.

3.2. Difficulties posed by surveillance and early warning issuance for drought iloi@bia

Climate monitoring (different to the daily monitoring of hydrometeorological conditions) involves a
weekly and monthly monitoring of climate variability events that could alter the normal conditions in
each region. For Colombia, the rainy or legigy seasons that mainly are modulated by the Intertropical
Convergence ZorE CZ in their displacement from North to South and South to North throughout the
year could be altered (Intraseasonal), or when there are continuous periods close to a yeaeowithor
irregularities that can be characterized by dry years or (interannual) rainy years.

The monthly analysis of the anomalies in precipitation always present zones with behaviors above or
below normal without this meaning that a drought alert can beued (for the case of rainfall
deficit). There are other factors that influence the behavior of rainfall in Colombia, such as tropical waves
from the east, cold fronts, Madden & Julian intraseasonal waves, which cause more or less rain
throughout the year.This is why drought surveillance is done particularly on the probability of
occurrence of an El Nifio phenomenon.

There are difficulties in the issuance of these alerts because they depend a lot on the time of year when

El Nifio begins, aswellasitsiffitd A 1 & | YR RdzNI A2y ® LYy | RRAGAZ2Y G2 S
same to have an "El Nifio" event in La Guajira, which is one of the driest regions of Colombia, beginning

to affect midyear, which is the period in which rains normally occuantlat the beginning of the year,

where rainfall is almost null. The experience in Colombia has shown us that it is very difficult to
determine when a drought begins or when it ends, and we cannot relate it to the beginning or end of an

El Nifio phenomenonThis goes further, and more drought indicators must be worked on so that
decisionmakers can have this information in a timely manner to reduce the consequences.

When the experts in the workshops on drought warning systems were consulted, they congiusréd

was very important to integrate rain behavior with normalized rainfall indices (SPI) with other-water
type parameters such as flow rate index, storage level of reservoirs, or vegetation indexes (NDVI), soil
moisture, among others. This way changes gradually identified as the drought consolidates in order

to be able to issue the early warning.

3.3. Early Warning SystemsDrought EWSs worldwide

All meteorological services in the world monitor drought, but some countries have devefigéorms
for specific products and indices that allow them to determine the trend towards water deficit that can
lead to a meteorological, hydrological, agricultural drought, etc. They have very particular objectives,
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where even several countries havenjed and have implemented Early Warning Systems due to drought.

Below is a table with the information of some EWSs.
Table3. Drought EWSs in the world.

Sy SN Regions Monitoring Products Website
System
B T $ Colombia, El Nifio| Newsletters, climate http://www.ciifen.org/i
D “ Peru, Ecuador,| Phenomen | monitoring ndex.php
I =4 Chile and| on
e PO Bolivia
Latin America | Drought It provides data,| http://edo.jrc.ec.europa
information, and tools| .eu/scado/php/index.ph
needed for a comprehensiv| p?id
analysis of the drough
phenomenon
Seasonalorecasts
Some Drought Monthly newsletters, mapg https://www.fews.net/?
countries  of and special reports in eac| I=es
Famine early | Central country, analysis offood
warning systems | America and insecurity.
the Caribbean,
Central  Asig
and Africa.
ys ormusmmenier ===z | UnNited States | Drought Interactive drought| http://droughtmonitor.
. 7 monitoring maps based ol unl.edu/
I data analysis at the regiong
level.
Bozaota Chile Drought Maps and figures on http://www.climatedata
Oservatorlo Agrocimites drought conditions library.cl/lUNEA/maproo
m/
Europe Drought Maps and figures o1 http://fedo.jrc.ec.europa
R drought conditions .eu/edov2/php/index.p
-!-m hp?id=1000
China Drought Daily drought monitoring http://cmdp.ncc.cma.go
maps , available in the mail v.cn/pred/en_cs.php
2men ] website of the Center or
Evse Climate of Beijing sinc
. February of 2003
E standardized precipitatiorn
index, in periods of 30 an
90 days,
Great Horn of| Drought Drought monitoring mapg http://www.icpac.net/
— | Africa: by means of remote sensin
R encompassed Surveillance map 0
= 24 countries in humidity in the top 20 cm o
the southern the soil layer,
and eastern weather bulletins for 10
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subregion of day, monthly and seasong
Africa periods

3.4. Early Warning System for Drought in Colombia

L59!'ax Fta /2ft2Y0AlIQa YSGS2NRt23A0Ff | dzil K2 NdplbBthe KI & Y2
behavior of hydrometeorological variables, drafting of reports and a largeuatnof data and information that is

generated daily, weekly, monthly etc., as part of its functions. It monitors all threats of imyeit@orological origin

such as landslides, floods, flash floods, forest fires, extreme events (hailstorms, heavy rairsscetaonitors the

rain deficit during the dryer season. IDEAM teshnical support to the SNGRDs in charge of issuing reports on

threats due to rainfall deficit, and together with the UNGR2Y provide communication and dissemination of the

warning as a third component. The fourth component in this response capacity process is coordinated by the
UNGRD based on the National Contingency Plan for the EL NINO Phenomenon.

Given these circumstaes, it could be said that the Early Warning System for drought in its first two components is
done by IDEAM and components 2 and 3 are part of the entire National System for Disaster Risk Management
SNGRD. See example for El Nifio 220%6 (see Figure)8

DESARROLLO MADURACION
Marzo Mayo Julio I
[€ IDEAM declara IDEAM declara  IDEAM decl
ATTSEAM _ Naciahal “le cprosd Nino débil Nino moderado ' FEN FUERTE. FIN FEN
EINifo //Actualizacion PNC

Contingencia Ministros

Figure8. How the Early Warning System for El Nifio 20046 operated

Below are the products that are currently being developed between the IDEAM and UNGRD for drought
monitoring.

Table4. Early warning system for drought inambia

EARLY Allthe Drought | Behavior of the drought | http://www.pronosticosy

WARNING | country index in the last six| alertas.gov.co/
SYSTEMOR months, drought index | portal.gestiondelriesgo.gq
DROUGHIN mapsfor periodsof 1, 3, | v.co/
COLOMBIA 6 and 12 months,
@ newsletters, maps,
IDEAM forecasts, warnings,
H;NGRD contingencyplans.

® National System for Disaster Risk Mgement
® National Unit for Disaster Risk Management Coordinating Entity of the SNGRD.
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4. CURRENT SITUATION OF DROUGHT
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4. CURRENT SITUATION OF DROUGHT MONITORING IN COLOMBIA

To have an idea of the current situation of drought monitoring in Colombia, we asked what State and
private entities perform monitoring of meteorological and hydrological \#es behavior to determine
all the hydrometeorological threats. The following table presents some entities with monitoring and

drought followup products:

4.1.Input Catalog

Tableb. Input Catalog

EarlyWarning

k. S Sistema de
| - """ Alerta Bogotd - SAB
e B

Regions Monitoring Products Website
System
BogotaCapital | Bogota Hydrometeorological| Rainin real time, daily | http://www.sire.gov.co
DistrictWarning Variables rain and accumulated| /web/sab
System last days, areas prone

to vegetation cover
fires, monitoring of
river levels.

Vallede Aburra
EarlyAlert System

Medellin and
the
Metropolitan
Area of Valle

Hydrometeorological
Variables

Real time access to
information generated
by weather stations,
monitoring the levels

http://siata.gov.co

hydrometeorologi

Variables

de Aburra of  rivers, hydro
meteorological
forecastmodels.
EarlyWarning | Guajira Hydrometeorological| Descriptionof weather | http://www.corpoguaji
Systenof La variables; Its | conditions for the | ra.gov.co
Guajira objective is floods | department and
G, andlandslides municipalities through
Temprana daily bulletins that are
published on the
website
Network of Caldas Hydrometeorological| linteractive map of | http://idea.manizales.u

weatherandalerts

nal.edu.co/index.php/e

Cundinamarca

calstationsof stadotiempo-
Manizales, manizales
operatedbythe
National
Universityat
Manizales
b Cundinamarca| Hydrometeorological| Levels of rivers| https://www.car.gov.c
CAR 4 Variables warning bulletins for| o/?idcategoria=10545

hydrometeorological
conditions,
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EarlyWarning

Regions Monitoring Products Website
Valle del | Hydrometeorological| River levels, | https://www.cvc.gov.c
Cauca Variables hydrometeorological | o/

conditions  warning
bulletins, forecastsfor
Valledel Cauca

Cenicafé Coffee Hydrometeorological| Agrometeorological http://agroclima.cenic
- growingareas | Variables bulletins,monitoringof | afe.org/web/guest/con

BOLETIN climatevariables dicionesactuales

AGROMETEOROLOGICO

4~ CAFETERD®

Cenicafa Valle del | Hydrometeorological| Agrometeorological http://www.cenicana.o

L W OF: [T or:] Variables bulletins,monitoringof | rg/clima_/index.php
‘ climatevariables

Note: See Annex: Input Catalog.

4.2. National Hydrometeorological Stations Catalog

L59!aQa NBfS A& (2 LINE JA R SietessclodidélKoyecaktingi watniSgd &nd A O f
alert services for the Nainal Disaster Risk Management System, air, maritime, fluvial and terrestrial
transport, agricultural, energy and industrial sectors and those that require the service, and is the official
source of scientific information in hydrology and meteorology ie ttountry (Decree 1076, 2015,
compilation of Decree 1277, 1994). Likewise, it is in charge of establishing and operating meteorological

and hydrological infrastructures to provide information, prediction, warnings and advisory services to

the community. FTAf F NI &> AG Y2yAdlG2NR GKS ylIiA2yQa oO0A2LIKES
pollution and degradation for the decisianaking of environmental authorities.

For followup and monitoring, IDEAM has a total of 2,637 active stations, 344 of whiclummatic, 52
automatic without transmission and 2,241 conventional. Of the automatic stations, 50 are hydrological,
86 hydrometeorological and 208 meteorological. Of the conventional, 523 are hydrological, 7
hydrometeorological and,Z11 meteorological (®efigure9).

7 Nicaragua °° Aruba Barbados

® Granada
Managua Curazao

S Trinidad

Coxl-. Rm& y Tobago
San Jose(~
k

P Panama

- SN Figure9. Location of IDEAM Meteorological
. : - Lo and hydrological stationsSource: IDEAM
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are automatic, 22automatic without transmission and 2,147 are conventional. Of the automatic
stations, 81 are hydrological, 41 hydrometeorological, 222 meteorological and of the conventional
stations, 771 are hydrological, 41 hydrometeorological and 1,374 meteorologediigsire 10)

FigurelO. Location of meteorological and hydrological stations of other entiSesirce: IDEAM

Other entities such as the CAR, CENICANA, CHEC, CORPOCHIVOR, CORPOGUAJIRA, CORPONOR, C
EAB, EMGESA, EMPOPAE&RY|, FEDEARROZ, PPNC and INVEMAR sent information on the catalog of
their stations (see Figure 11)

Figurell. Location of meteorological and hydrological stations of other entiSesirce: Entities mentioned
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5. CHARACTERIZATION BY VULNERABI
REGIONS IN COLOMBIA
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5. CHARACTERIZATION BY VULNERABLE REGIONS IN COLOMBIA

To characterize the regions that are vulnerable to drought in Colombia, we started by determining the
history of droughtevents, which coincided with the influence of the El Nifilo phenomenon. According to
L59!aQa KAAG2NAOIt lylfeasSas GKS &@SINA Ay 6KAOK R
between June/740ctober / 72, June / 7August / 75, May / 78/ay / 78 September / 825eptember /

84, January / 8®ctober / 90, March / 99April / 93, December / 93une / 95, April / 9May / 98,

August / 2009May / 2010, February 2015June 2016.

For the analysis of the most vulnerable areas to drought in Colombiameders such as the economic
impact on agricultural activities, the number of hectares sown per department and @&bBepartment

were taken into account, based on the hypothesis that regions with greater commercial and industrial
activity are serioushaffected by the scarcity of water resources, in order to measure the degree of
impact due to drought that may occur in a region.

hy GKS 20KSNJ KIyRX (GKS RNRdAZAKG FNBIljdsSyde Ay |
Atlas maps, and the spjy versus demand ratioof surface water resources ahd G S NNA G 2 NBE Q&
maintain its supply in dry times determined in the Water Vulnerability Ihdex

NE 3
Ol

Finally, it was observed in the regions where there are sources of groundwater if this esused as

the main source of supply or as an alternate source in periods of reduction in surface supply and the
degree of exploitation of the aquifers. The regions where this resource is used as an alternate source are
less vulnerable to drought due tbeir ability to adapt and exploit groundwater in periods of scarcity of
surface resources than those where this resource is -expioited or the only source of supply (See
figure 12)

Finally, since the information available for all the parameters noed in numerical form was not
available, a statistical analysis could not be carried out. A qualitative analysis was done according to the
available information extracted from the National Water Study (IDEAM), Third national agricultural
census (DANE departmental accounts (DANE)volume of water licensed by departments (IDEAM),
climatological atlas (IDEAM) and El Nifio Phenomenon Comparative analysi$9p89V. 20142016
document (UNGRD).

5.1. Caribbean Region
Sectors affected by drought events

Droughtsin the Caribbean Region affect all sectors dependent on water resources., The level of effect
and the sectors that are most affected depend on the intensity of the drought. According to the UNGRD
(2016), the most affected sectors in this region during dneught of the El Nifio phenomenon 2014

2016 were:

" Gross Domestic Product.
8 National Study on WatetDEAM, 2014
° National Department of Statistics.
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9 Drinking water sector due to shortages, mainly the departments of La Guajira, Cesar and Magdalena
as the most affected ones, with 93%, 92% and 87% of the municipalities in the territory with water
shortages.

9 The agricultural sector was also strongly atféelcduring this event, being the departments of
Atlantico and Cordoba the most affected ones with 403,365 hectares and 243,677 hectares
respectively, only in 2015.

1 The livestock sector also suffered important damages, being Cordoba, Atlantico, Boligdal®fea
and La Guajira, the most affected departments. According to reports of the National Livestock Fund
(FNG), the total number of cattle that died as a result of the El Nifio phenomenon for the fourth
guarter of 2015 was 36,016.

1 The environment sector as also affected by forest fires, being Magdalena the most affected
department with 11,767 hectares.

1 In the transport sector, the volume of cargo on the Magdalena river was affected by the restriction
of navigation because of low levels.

1 The energy sector was affected by low levels of the Urra 1 reservoir in Cordoba, which significantly
decreased its electric power generation.

1 Regarding the health sector, hydroclimate conditions generated during the occurrence of the El Nifio
Phenomenon faored the outbreak of vecteborne diseases such as Dengue, Chikungunya and Zika.

Vulnerable areas

1 The precipitation deficit in phenomena such as El Nifio affects the subzones of the Caribbean with
reductions in river flow between 10% and 46%, particulbighlighting the anomalies in the Ledn
River and direct effects on the Mulatos River in the Antioquia Uraba and in the area of Cesar in the
Ariguani, Jobo and Mariangola Rivers, where reductions between 18% and 46% are estimated
(IDEAM, 2010).

1 Accordingto the analysis of parameters, the departments with the greatest vulnerability to drought
are:

9 La Guaijira: This department has a high vulnerability due to its climate condition. It is the Colombian
department where it rains the least, registering an awygraannual precipitation between 01000
mm (IDEAM, 2014b). It has hydrographic subzones in high vulnerability according to the Water
Vulnerability Index, mainly due to the low water supply. Groundwater is the main source of supply,
with a high exploitatia level of the resource extracted from the aquifer systems of the Middle
Guajira, High Guajira and rancheria (IDEAM, 2014a). According to the National Water Study (ENA for
its name in Spanish) 2010, the municipalities of Urumita, Villanueva, El Molinonudab and
Maicao in Guajira are the most vulnerable to water shortages. However, the last El Nifio
Phenomenon that occurred showed the vulnerability of the municipalities of Uribia and Manaure.

1 Cesar: This department has high vulnerability given thatag h low to moderate mean annual
precipitation between 10002000 mm (IDEAM, 2014b). The northern zone of the department is the
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most vulnerable, presenting high water vulnerability indexes (IVH, for its acronym in Spanish) in the
subzones of the AriguaRiver, low, middle and high Cesar, due to the low water retention capacity

of these basins, which makes it difficult to maintain the supply in drought periods. Groundwater is
the main source of water in some areas, and the resource exploitation levelcesdrérom the

Cesar aquifer system is high (IDEAM, 2014). According to ENA 2010, in Cesar, the municipalities of
Valledupar, El Copey and La Jagua de Ibirico are the most vulnerable to water shortages.

1 Magdalena: This department has high vulnerabilityegithat it has a low to moderate mean annual
precipitation between 508 1500 mm (IDEAM, 2014b). Most of the hydrographic subzones have a
high water vulnerability index (HVI) due mainly to the low water regulation of the area and the high
demand of the resurce in the region. Groundwater is mainly extracted in this department for
economic activities, the Ciénagarundacion aquifer system being the most exploited for African
palm and banana crops (IDEAM, 2014a, IDEAM, 2013). According to ENA 2010, tipahoapital
of Santa Marta is highly vulnerable to water shortages.

1 Atlantico: This department has high vulnerability given that it has a low mean annual precipitation
between 1000- 1500 mm (IDEAM, 2014b). All the hydrographic subzones have very high wa
vulnerability indexes (IVH) due mainly to the low water regulation of the area and the high demand
of the resource in the region. When there are drought events, the agricultural sector in this
department is among the most affected in the country. Tdepartment concentrates 98% of its
demand for water resources in surface water (Hoyos & Noguera, 2014), this perhaps being the
reason why it is so affected in periods when the surface water supply decreases substantially.
According to ENA 2010, Luruaco aWMthlambo are the municipal capitals with the greatest
vulnerability to water shortages.

1 Bolivar: This department has high vulnerability in its northern part to the subzones of lower
Magdalena, Dique Canal and direct streams to the Caribbean. The avarag® einfall in this area
is low (1000-2000 mm) (IDEAM, 2014b). The Water Vulnerability Index (HVI) is high and very high,
due to the very high demand for water resources in this area. Groundwater is the main source of
supply, and the degree of exploitan of the resource extracted from the Arroyo Grande, Turbaco
and Maco aquifer systems (IDEAM, 2014) is high. According to ENA 2010, Arjona, Santa Rosa,
Turbaco, Turbana and Villanueva are the municipal capitals with the greatest vulnerability to water
shortages.

1 Cordoba: This department has a high vulnerability. The most vulnerable areas are those of the
Canalete River, middle and low Sinu in the north of the department, because the total average
annual rainfall in these areas is low (162000 mm) (IDEAM, 2014gnd the ratio of supply vs.
demand for water is critical. The agricultural sector is the one that requires more water resources in
the department and is strongly affected in dry periods. The surface waters of the Mon(@idaaga
de Oro and Arenas Monamuifer systems are exploited as an alternative supply source (IDEAM,
2014a).

1 Sucre: This department has a  vulnerability. The average annual total precipitation is low with
values between 10002000 mm (IDEAM, 2014b), the water regulation inderwsdnd the demand
for the resource is moderate. The low water regulation makes the resource scarce in times of
drought. Groundwater is the main source of supply, and the level of exploitation of the resource
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extracted from the Morrosquillo Gulf, Tolu VigjMorroa and La Mojana aquifer systems (IDEAM,
2014a) is high.

1 San Andres: It presents a high vulnerability because the HVI is very high, since the supply of surface
water is very low, with groundwater being the main source of supply for this island,r iste
extracted from the aquifers of the San Andrés and San Luis formation.

1 According to IDEAM (2015) a deficit in precipitation is expected for the Caribbean region in 2040 in
the departments of Bolivar (5,09%), Cesar 15,32%), La Guajiral4,50%) Magdalena-18,65%),
Sucre € 11,30%), San Andrés and Providenecia @ ZH/E: 0P ¢KAAa oGAff I 33 NI DI
current vulnerability situation.

5.2. Andean Region:
Sectors affected by drought events

According to the UNGRD (2016), the most affectectas in the Andean Region during the El Nifio
phenomenon 2014 2016 were:

1 The drinking water sector due to shortages, being Magdalena (26 municipalities), Boyaca (25
municipalities), Cesar (23 municipalities) and Santander (23 municipalities) the deptstwith the
highest percentage of municipalities with a shortage condition. 42% of the total departments that
make up the Andean region presented supply problems, with 162 municipalities in rationing and 77
municipalities in conditions of shortages.

1 Theagricultural sector was affected mainly in the departments of Narifio (108,250 ha) and Antioquia
(92,344 ha), but there was also damage in the departments of Norte de Santander, Santander,
southern Bolivar, Caldas, Tolima, Huila and Cauca.

1 In the livestak sector, the departments most affected by losses of livestock units were Antioquia
(465,157 units) and Boyaca (188,818 units) in 2015 alone. Likewise, Narifio, Cauca and Santander
were affected, but to a lesser extent.

f The energy sector was one of the &nd I FFSOGSR RdzZNAYy3d GKA& RNRdIzAK
reservoirs are located in the Andean Region. The low level of the reservoirs generated a significant
decrease in their energy contribution.

1 The environment sector was affected by numerous fofees during El Nifio 201-42016. The most
affected departments were Cundinamarca (14,505 ha), Huila (13,103 ha), and to a lesser extent in
Tolima (7,753 ha) and Antioquia (7,291 ha).

1 In the transport sector, the volume of cargo along the Magdalena Rixer affected by the
navigation restriction due to its low levels. Puerto Wilches is a critical point of navigation.

1 Regarding the health sector, the hydroclimate conditions generated during the occurrence of the El
Nifio Phenomenon favored the outbreakf wectorborne diseases (VBDS) such as Dengue,
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Chikungunya and Zika. Santander was the most affected Department with 40% of cases of severe
dengue in the country.

Vulnerable areas

The precipitation deficit in phenomena such as El Nifio affects the Aridegion with a reduction in the

flow of rivers. The middle Magdalena basin presents reductions that range between 1% and 35% with
regards to the average flow. The highest percentages are recorded in theosebof the Samana Sur

River (35%), Rio Negroeiv(27%) and Carare, Samana Norte and Opon rivers, with around 20%. The
middle Magdalena basin presents reductions that range between 10% and 35% with regards to the
average flow. The highest percentages are recorded in thezenb of the Samana Sur Ri{86%), Rio

Negro river (27%) and Carare, Samana Norte and Opon rivers, with around 20%. The Cauca river basin is
strongly affected, mainly the subzones such as the La Vieja, Alto Cauca, Rio Frio, Risaralda, Chinchina,
Arma and San Juan rivers, where thecikase in flow exceeds 30% with respect to the average flow. In

the Catatumbo basin, the flow of the Algodonal, Sardinata and Pamplonita rivers are mainly affected
(IDEAM, 2010).

According to the analysis of parameters, the departments with the greatéserability to drought are:

1 Cundinamarca: This department has a high vulnerability. It has subzones with high and very high
vulnerability indexes, the most critical hydrological subzone is the Bogota river, this is because the
total annual average pragitation in this region is low with values between 500500 mm (IDEAM,
2014b) therefore the relationship between supply and demand is critical due to the very high use
that is given to the resource in this department. Being an area where much of thérgstindustry
is specially concentrated in the capital makes it more vulnerable. Groundwater is mainly exploited
for economic activities. The resource exploitation level being extracted from the aquifer system of
the Bogota savanna is high (IDEAM, 201Aayording to ENA 2010, Anolaima, Cachipay, Chaguani,
Choachi, Choconta, El Colegio, El Pefién, Fomeque, Guacheta, Guaduas, Guayabal de Siquima, La
Mesa, Venicia, San Antonio del Tequendama, Silvania, SubachdfjuRosal, Suesca, Tabio and
Yacopi are thenunicipal capitals with the greatest vulnerability to water shortages.

1 Boyaca: This department presents high vulnerability especially in the hydrological subzones of the
Chicamocha and Garagoa rivers, where the water volume index is high, becauseathaverage
annual precipitation in this region is low with values between 52600 mm (IDEAM, 2014b), the
demand of water resources is high and water regulation is low to moderate. Groundwaters are
exploited as alternative sources of supply. The resoiscextracted from the aquifer systems of
Tunja and Duitam&ogamoso (IDEAM, 2013). According to ENA 2010 Tunja, Arcabuco, Chiquinquira,
Duitama, Floresta, Villa de Leiva, Motavita, Nobsa, Nuevo Colén, Paipa, Paz de Rio, Puerto Boyaca,
Raquira, Sachica, iBaca, Siachoque, Soata, Soraca, Tibasosa and Toguli are the municipal capitals
with greater vulnerability to water shortages.

1 Tolima: This department has a high vulnerability. The total average annual precipitation is low to
moderate with values between(DO - 2500 mm (IDEAM, 2014b) and the most vulnerable areas of
the department are located in the north and east, where the lowest rainfall levels are registered and
water vulnerability indexes (WVI) are high due to the high demand of water resources.
Groundvaters are exploited as alternative sources of supply. The resource is extracted from the
aquifer systems of Ibagué and Purificacialdafia, with the agricultural sector being the one that
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requires the most resources (IDEAM, 2013, CORTOLIMA, 2012).iAgd¢orBENA 2010, Carmen de
Apicala, Dolores, Fresno and Honda are municipal capitals with increased vulnerability to water
shortages.

9 Valle del Cauca: This department has a high vulnerability. The total average annual precipitation is
low with values beteen 1000- 2000 mm (IDEAM, 2014b) and the most vulnerable area is the Cauca
river valley, where the hydrographic subzones have high and very high water vulnerability indexes
(WVI) due to the very high demand for water resources by the agricultural s€stoundwater is
mainly exploited for economic activities of the Valle del Cauca aquifer system, being the region of
iKS O2dzyiNEB G(KIG SEGNI OGa Y2NB @2tdzyS gAlK pm:
drought adaptation capacity through the usé groundwater as an alternative source low, currently
due to the high exploitation of the resource (IDEAM, 2014a). According to ENA 2010, Cali, Alcala,
Algeria, Dagua, El Dovio, Jamundi, La Union, Obando, Palmira, Restrepo, Roldanillo and Versalles are
the municipal capitals with increased vulnerability to water shortages.

1 Santander: This department has a medium vulnerability. The total average annual precipitation is
low to moderate with values between 1008000 mm (IDEAM, 2014b). The most vulnerarkas
are to the north and east of the department in the Lebrija, Suarez and Chicamocha rivers, where
water vulnerability indexes (WVI) are moderate and high, due to the high demand of the resource in
these areas and that it is where the lowest values r&cppitation of the department (10061500
mm) occur. Although water regulation is moderate and high, in times of drought the superficial
supply does not fall to critical levels. Santander is one of the departments with the largest number of
hectares dediated to the agricultural industry, besides being one of the departments where the
O2dzy iNBEQa AyRdzaGNE Aa O2yOSyidNYG§SR oOoRFGF G118y
effects of drought. Groundwaters are exploited as alternative sources mflguthe resource is
extracted from the aquifer systems of San GBarichara, Mesa de los Santos, Bucaramanga
Piedecuesta and Tablazo, and its use is mainly domestic and industrial (IDEAM; 2013). According to
ENA 2010, Bucaramanga, Barbosa, Barich@famrald, and Velez are municipal capitals with
increased vulnerability to water shortages.

1 Norte de Santander: This department has a medium vulnerability. The annual average total
precipitation is low to moderate with values between 1008000 mm (IDEM, 2014b), the water
regulation index is low to moderate and the demand is high in the subzones of the Pamplonita and
Zulia rivers. The low regulation causes the water supply to decrease in dry times and the drinking
water and agriculture sectors to be afted. Groundwaters are exploited as alternative sources of
supply and are extracted from the Cucufdla del Rosario aquifer system. According to ENA 2010,
Durania, ElI Carmen, Los Patios, Ocafia, Pamplona, Pamplonita, Ragonvalia, Salazar, San Calixto,
Teaama and Villa del Rosario are municipal capitals with increased vulnerability to water shortages.

1 Huila: This department has a high vulnerability. The total annual average precipitation is low with
values between 1000 2000 mm (IDEAM, 2014b). The mastinerable areas are located in the
central and northern part of the department where the water vulnerability indexes (WVI) are high
and very high due to the low water regulation that causes the supply of the resource to decrease
considerably in dry pericd Groundwaters are exploited as alternative sources of supply, the
resource is extracted from the aquifer system of NeiVatacoa, and mainly supplies the agricultural
and industrial sectors. According to ENA 2010, Garzon and Palermo are the muigifzas$ evith
the greatest vulnerability to water shortages.
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