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Executive Summary
The largest number of flooding events during the last de-
cades in the RIOCC region took place in Brazil, Mexico, 
Colombia and Peru (between 1985 and 2015), together 
with increases in the maximum daily flows in the La Plata 
and Amazon basins. In recent years, many Ibero-American 
regions also suffered frequent and extensive droughts, in-
cluding the Iberian Peninsula, the Amazon region, north-cen-
tral Mexico, and central Chile and Argentina.

Despite considerable uncertainties about future changes 
with respect to the incidence of droughts and floods, ad-
aptation processes must be developed based on the best 
available scientific knowledge. Under warmer climate con-
ditions, the available climate scenarios for the foreseeable 
future indicate that changes in the different components of 
the water cycle will continue to affect the RIOCC region un-
evenly. Increases in peak flows are projected for Colombia, 
Venezuela, Ecuador, the coastal region of Peru, the Plata 
basin, Central America and the Iberian Peninsula (except 
the Mediterranean coast) and increases in the incidence of 
droughts in the Amazon, northeast Brazil, the Mediterranean 
region, Central America and Mexico.

With regard to population exposure, between 1980 and 
2000 the five Latin American countries with the largest 
populations exposed to drought were Guatemala, Chile, 
Ecuador, Mexico and Nicaragua. In the case of floods, the 
most exposed countries were Guatemala, El Salvador, Hon-
duras, and Colombia. 

Population growth, accelerated urbanization of informal 
human settlements, lack of well-planned and quality infra-
structure, high rates of social inequality, poverty, agricul-
turally dependent economies and inadequate environmental 
practices are all socio-economic factors that foster vulner-
ability and result in water deficit and excess events having 
an even greater impact. Vulnerability to droughts and floods 
differs greatly among different RIOCC countries due to con-
trasts in the abovementioned factors; however, it is essential 
that efforts to reduce them are guided through collective 
action by the Ibero-American community.

Several multi-scale climate change adaptation measures 
with regard to droughts and floods are already being im-
plemented in Latin America. These include improving the 
quality of forecasts, early warning systems and climate 
information services, plans for reducing vulnerability and 
increasing the resilience of the population, strategic infra-
structure and production systems, and the conservation 
and sustainable use of ecosystems and their environmental 
services. Yet there are still institutional, regulatory, admin-
istrative, economic and social obstacles that can delay the 
implementation of some of these measures. Consequently, 
to accelerate the adaptation process, countries will need to 
improve their planning and response capacities, as well as 
their disaster management and insurance schemes.

10.1. Introduction

10.1.1. Conceptual framework of this 
Chapter

Global warming observed over several decades has been 
linked to changes in the hydrological cycle on a large scale: 
increased water vapor content in the atmosphere; chang-
es in precipitation characteristics, intensity and extremes; 
decreased snow cover and widespread ice melting; and 
changes in soil moisture and runoff along with changes in 
intensity, duration, frequency and spatial extent of extreme 
events such as droughts and floods (Hartmann et al., 2013). 
These changes constitute the so-called intensification or ac-
celeration of the hydrological cycle (Held and Soden, 2000; 
Arnell et al., 2001; Huntington, 2006). Under warmer weather 
conditions, projections suggest that changes in the different 
components of the water cycle will continue, although with 
uncertainties about the occurrence of droughts and floods. 
These uncertainties derive, on the one hand, from a limited 
understanding of the mechanisms that produce them and, 
on the other, from natural climate variability. The fact that 
floods and droughts depend on precipitation surpluses and 
deficits, respectively, means that the uncertainties of climate 
models are also relevant (Hawkins and Sutton, 2011; Fatichi 
et al., 2016; Zhou and Dai, 2017). 

This chapter outlines a number of issues related to adapta-
tion to droughts and floods. They are supported by examples 
in different RIOCC countries based on the conceptual frame-
work shown in Figure 10.1, which contextualizes the need for 
adaptation to droughts and floods in the face of a changing 
hydrological cycle, caused by the increase of greenhouse 
gases in the atmosphere due to anthropogenic emissions. 
The guiding premise is that adaptation processes should be 
developed based on the best available scientific knowledge, 
even though there are great uncertainties about changes in 
the incidence of these phenomena in the coming decades. In 
this regard, it should be borne in mind that actions to reduce 
these uncertainties will make a significant contribution to 
climate change adaptation.

10.1.2. Main figures of the sector or 
system

In recent decades, floods have caused almost half of the 
world’s climate-related disasters and have affected more than 
two billion people (CRED, 2015). The relative importance of 
floods has also increased during this period, either in terms 
of economic losses (Kundzewicz et al., 2013), reinsurance 
losses (Mills, 2005) or the number of reported flood events 
(Munich Re, 2015). However, it is not yet clear why these 
observed changes happen. Possible causes include increas-
es in the magnitude or frequency of extreme precipitation 
(IPCC, 2014) or changes in land use (Hall et al., 2014). 
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Between 2000 and 2019, 548 flood events were recorded 
in Latin America and the Caribbean, affecting a total of 41 
million people and causing US$26 billion worth of damage 
(OCHA, 2019). Between 2005 and 2015, drought caused 
US$13 billion in damage to crops and livestock throughout 
the region (FAO, 2018).

10.1.3. Relationship of the sector or 
system with climate and climate 
change

10.1.3.1. Floods
A flood is defined as the overflow of water outside its normal 
boundaries (IPCC, 2012). Floods are a source of risk because 
they generally take place in areas that are either populated 
or sustain productive activities. In many cases, particularly in 
Latin America, risk is higher because these areas are home 
to highly vulnerable populations that live in poverty. This 
chapter categorizes floods according to the type of climatic 
(or other) phenomenon that causes them, as well as their 
associated impacts.

Types of floods
Very localized, short-term floods. From the point of view of 
potential damage to the population, including loss of life, 
intense precipitation resulting from convective systems in 
steep areas is the greatest danger, because they may cause 

sudden floods and landslides. Tropical 
storms and cyclones produce these ef-
fects in the Caribbean region, in Central 
America and on the Mexican coast (see 
Chapters 9 and 11 of this report). In 
lowland plains at subtropical latitudes, 
convective mesosystems are equally 
dangerous. In a few hours, they can pro-
duce precipitations of several hundred 
millimeters over areas of hundreds of 
km2 (Rasmussen et al., 2016).

River overflows. In Latin America there are 
many large rivers that upon overflowing 
can flood vast areas of tens of thousands 
of km2. In the great plains of South Amer-
ica these floods can last months and 
even more than a year, such as the one 
that took place between 1982 and 1983 
in the Argentinean basin of the Paraná 
River (Camilloni and Barros, 2003). The 
strong precipitation anomalies that cause 
them are also long-lasting and can take 
place hundreds and even thousands of 
kilometers upstream of the flooding ar-
eas. In that case, the flood wave takes 

weeks or months to arrive, making the flood predictable. This 
can buy enough time to make appropriate decisions that can 
minimize adverse impacts.

Flooding of large plains. In areas with very gentle slopes, 
such as the Pantanal or part of the Argentine plains, water 
runoff is low and the water balance between precipitation, 
evaporation and infiltration into the soil is predominantly nil. 
When there is heavy rainfall for prolonged periods of several 
months, the soil becomes saturated, ceasing to infiltrate and 
producing excess water on the surface. In the Pantanal, this 
type of flooding occurs regularly every summer, although it 
may be more widespread in some years. In the subtropical re-
gion of Argentina, since there is very little evaporation in the 
cold seasons, possible excess water in autumn or winter can 
persist until spring or summer. This type of flooding becomes 
aggravated by inappropriate soil management that leaves 
them without vegetation cover for several months (Taboada 
and Damiano, 2017).

Coastal flooding. On some coasts, storms in the surrounding 
sea that produce strong winds can push the surface waters, 
causing coastal flooding. These floods become even larger 
when they happen together with high astronomical tides. 
The height of the flood and its extent depend on the coastal 
topography and the storms that cause it. In the Caribbean, 
and the Pacific coast of Mexico and Central America, these 
floods are caused by tropical storms and cyclones; while in 
the Iberian Peninsula and subtropical South America they are 
due to extratropical cyclones. The most paradigmatic case is 
that of the southeastern areas of the Rio de la Plata estuary, 
which tend to flood the lower coasts on the Argentinean side. 
In the mid-latitudes of South America, this type of flooding 

Floods Droughts

Increased
concentra�on

of greenhouse gases

ADAPTATION

Radia�ve forcing agent

Gre
en

ho
us

e 
ga

s e
ffe

ct

Atmospheric vapor

Evapora�on

Temperature

en
ha

nc
em

en
t

Stro
nger water cycle

Figure 10.1. A conceptual framework linking the physical drivers of drought and floods with the 
need to implement adaptation measures. Source: prepared by the authors.
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is rare because the coasts on both oceans are very high. On 
the other hand, the entire Pacific coast of Latin America is 
threatened by tsunamis, which can cause very severe flood-
ing on the lower coasts. Both tsunami and coastal storm 
flooding last only a few hours or days, although recovery 
from damage can take months or years. This type of flooding 
is discussed in more detail in Chapter 9 of this report.

Flooding due to infrastructure collapse. Floods due to the 
bursting of a dam are very rare compared to other types of 
floods, but when they do occur they usually cause great dam-
age and loss of life. The most dramatic and recent episode 
was the rupture of a tailings dam in the city of Brumadinho, 
Brazil, on January 25, 2019, which caused a mudslide and 
killed 300 people. The most frequent cause of a dam col-
lapse is when it becomes so full that the flow exceeds its 
storage and discharge capacity. This is why increased inten-
sity and frequency of extreme precipitation due to climate 
change may heighten the risk of this type of disaster, if dams 
have been designed without taking this into account and 
using low safety coefficients. Countries have adopted dam 
safety regulations, and some of them (for example, Uruguay 
and Argentina) have adapted them to withstand new extreme 
precipitation conditions. 

Seasonal snowmelt flooding. Because snow-covered surfaces 
in Ibero-America are relatively small and limited to the highest 
areas, this type of flooding is rare in the region. Liquefaction 
and thawing in the mountains takes place in springtime, as 
the seasonal 0ºC isotherm rises. 

Observed changes
Figure 10.2 shows the trends in magnitude of flooding 
events derived from the maximum daily flow for each year 
of between 1955 and 2014 for a number of stations esti-

mated by Do et al. (2017). In the RIOCC region, significant 
negative trends are found mainly in northeastern Brazil and 
Mexico, while positive ones can be seen in the Plata and 
Amazon basins.

More recently, Najibi and Devineni (2018) analyzed flood 
incidence trends between 1985 and 2015 from the Dart-
mouth Flood Observatory database. The findings suggest 
a global increase in the frequency of flooding, as well as 
an increase in the occurrence of medium (8 to 20 days) to 
long (more than 21 days) lasting events. Najibi and Devineni 
(2018) also identified the countries with the highest number 
of flooding events during the study period, which included 
Brazil (96 events), Mexico (80 events), Colombia (44 events) 
and Peru (43 events). 

10.1.3.2. Droughts
A drought is characterized by a prolonged period of abnormally 
dry weather that produces serious hydrological imbalances 
(IPCC, 2012). The severity of the drought is determined by the 
intensity, duration, and geographic extension of the specific 
episode. Intensity refers to how much precipitation decreases, 
together with the severity of its associated impacts. In terms 
of duration, droughts usually require a minimum of 2-3 months 
to be considered as such, although they can continue over 
several consecutive years. The magnitude of the drought’s 
impacts is closely related to the time when the decrease in 
precipitations begins, as well as its intensity and duration. 

Types of droughts
Meteorological drought. Precipitation scarcity. Often aggravat-
ed by high temperatures that induce high evapotranspiration 
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Increasing

No trend
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Figure 10.2. Trends in flood event magnitude. The blue (red) dots show stations with statistically significant upward (downward) trends for a 10% 
confidence level. The gray dots indicate non-statistically significant trends. Source: Do et al. (2017).
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rates. This type of drought is based on climate data and is 
expressed by the deviation of precipitation from the average 
over a given period of time. 

Hydrological drought. This refers to a shortage in the flow or 
volume of surface or ground water (rivers, reservoirs, lakes, 
etc.). The frequency and severity of a hydrological drought 
are usually characterized by the drought’s influence on river 
basins. 

Agricultural drought. This happens when there is not enough 
humidity in the soil to allow certain crops to develop in any 
of their growth phases. The water demand of a plant depends 
on meteorological conditions, specific biological characteris-
tics of the plant, its growth stage, and the soil’s physical and 
biological properties. 

Socioeconomic drought. This happens when water availability 
decreases to the point of producing damage (economic or 
personal) to the population of the area affected by the scar-
city of rainfall or when the demand for water exceeds avail-
ability, thus affecting a community. Socio-economic drought 
links the supply and demand of a particular economic good 
or service with meteorological, hydrological and agricultural 
droughts.

Figure 10.3 shows the types, forces and interrelations be-
tween the aforementioned droughts. Although precipitation 
deficit is considered a primary cause of drought, excessive 
evapotranspiration can constitute an additional driver for 
hydrological or agricultural droughts. However, it should be 
noted that lack of soil moisture is also a conditioning driver 
for evapotranspiration. Furthermore, pre-existing soil mois-
ture conditions, as well as surface or groundwater storage 
are also relevant for the incidence and duration of this type 
of drought. Socio-economic drought links the supply and de-
mand of a particular economic good or service with meteo-
rological, hydrological and agricultural droughts.

Observed changes
In recent years, many regions of Lat-
in America have suffered frequent and 
prolonged droughts. Some examples 
include the droughts that took place 
in the Iberian Peninsula between 2005 
and 2007 (Spinoni et al., 2015), in 
2005, 2010 and 2015/2016 in the 
Amazon region (Marengo et al., 2008; 
Lewis et al., 2011; Jiménez-Muñoz et 
al., 2016), in central-northern Mexi-
co during 2011 and 2012 (Neri and 
Magaña, 2016) and in central Chile be-
tween 2010 and 2015 (Garreaud et al., 
2017). While climate variability is often 
the main cause of individual drought 
events, the increase in the occurrence 
of severe cases during recent years in 
many regions is consistent with results 

derived from forced simulations with increases in greenhouse 
gas concentrations (Dai and Zhao, 2017). 

To quantify the drought and monitor its evolution, many in-
dices have been developed and applied. One of the most 
widely used ones is the Palmer Drought Severity Index (PDSI) 
(Palmer, 1965), whose value is derived from data on precipi-
tation, air temperature and local soil moisture, together with 
earlier values from these measurements. One of the most 
widely used variants of PDSI is the annual index sc_PDSI_pm 
(Dai, 2011; Dai and Zhao, 2017). 

Day and Zhao (2017) have analyzed a worldwide linear trend 
of the sc_PDSI_pm annual index between 1950 and 2014 cal-
culated on the basis of observational data. Its results show 
progressively drier areas mainly in the Iberian Peninsula 
(IBE), Central America and the Caribbean (CAC), the Amazon 
(AMZ) and southwest South America, which is explained by 
the rising regional temperatures that increases the capacity 
of air to hold water vapor, along with the observed precipita-
tion trends (see Figure 1.7 in Chapter 1).

Other frequently used indices are the Standardized Precip-
itation Index (SPI; McKee et al., 1993; Guttman, 1999), 
which is based on precipitation only, and the Standardized 
Precipitation-Evapotranspiration Index (SPEI; Vicente-Serrano 
et al., 2010; Beguería et al., 2014), which is based on the 
difference between precipitation and potential evapotranspi-
ration (including temperature). Recently, Spinoni et al. (2019) 
developed a database of meteorological droughts occurring 
between 1950 and 2016 using the SPI and SPEI indices and 
calculated the changes in frequency and severity for the 
indices considering a 12-month accumulation period (SPI-
12 and SPEI-12). Figure 10.4 shows a comparison between 
1951-1980 and 1981-2016. It appears that some parts of 
the RIOCC region such as Mexico, the Amazon and northeast 
Brazil, Patagonia and the Iberian Peninsula experienced a 
higher frequency of droughts based on both indicators (al-
though more frequently based on the SPEI-12 index). The 
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Figure 10.3. Drivers (colored boxes) and interrelationships (arrows) between different types 
of droughts. Source: adapted from IPCC 2012.
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most relevant decrease can be found in the north of Argen-
tina and Uruguay. Compared to 1951-1980, during 1981-
2016 meteorological droughts were more severe for both 
SPEI-12 and SPI-12 in parts of Patagonia and southern Chile, 
Nicaragua, Honduras, southern Mexico and Baja California, 
and the Iberian Peninsula. In contrast, southeastern Brazil 
experienced less severe droughts. Figure 10.5 shows annual 
evolution of the drought-covered area according to the SPI-
12 and SPEI-12 indices for five regions that include all the 
RIOCC countries. The South of South America (SSA) and the 
Mediterranean region (MED) show a clear trend towards a 
greater percentage of areas with drought.

10.1.4. Review of previous reports
The Special Report on Managing the Risks of Extreme 
Events and Disasters to Advance Climate Change Adapta-
tion (IPCC, 2012), prepared by the Intergovernmental Panel 
on Climate Change, as well as the Fifth Assessment Report 
prepared by the same Panel (IPCC, 2013) describe the 
extent to which observed and projected changes in climate 
affect the main characteristics of weather and climate ex-
tremes. The findings in both reports indicate that changing 
climate conditions lead to changes in the intensity, frequen-
cy, special extent, duration and timing of extremes such 
as floods and droughts. The projections presented for the 
remainder of this century suggest, with medium confidence, 
that droughts will intensify in some regions and times of 
the year due to reduced precipitation or increased evapo-
transpiration in areas such as Central America, Mexico and 
northeast Brazil (Seneviratne et al., 2012). Projections of 
increased heavy precipitation would contribute to increased 
flooding in some basins and regions, with average confi-
dence (Seneviratne et al., 2012).

The IPCC Special Report Global Warming of 1.5ºC was recent-
ly released, showing the impacts of global warming in com-
parison to the pre-industrial times and the related emission 
pathways. This report shows that the 1ºC warming that has al-
ready taken place has caused quantifiable impacts on natural 
and human systems, and compares the risks under different 
global temperature rise scenarios (IPCC, 2018). The report 
particularly shows that the risks of drought and precipitation 
deficit will increase under temperature rises of 1.5°C and 2°C 
in some areas of the RIOCC countries, such as the Amazon, 
the northeast of Brazil and especially in the Mediterranean 
region. It also projects that human exposure to floods will be 
substantially lower in a world where the temperature rises by 
1.5°C compared to 2°C, although with regionally differentiated 
risks largely due to different local socio-economic conditions.

10.2. Risk components in 
relation to the sector or 
system

10.2.1. Hazards
As a consequence of climate change due to anthropogenic 
greenhouse gas emissions and land-use change, it is ex-
pected that in many regions the frequency and intensity of 
precipitation events will increase (Wartenburger et al., 2017), 
which could consequently increase the likelihood of future 
flooding. Alfieri et al. (2017) evaluated changes in the fre-
quency and magnitude of river flooding. Their findings show 
that the frequency of occurrence of extreme flow events with 
magnitudes greater than those considered in the construction 
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Figure 10.4. Change in frequency of occurrence (maps above; ΔDF expressed as events/10 years) and severity (maps below; ΔDS>0 indicates 
increased severity, ΔDS<0 indicates a decrease in the severity) of droughts between 1951-1980 and 1981-2016 according to the Standardized 
Precipitation-Evapotranspiration Index (SPEI-12) (left) and the Standardized Precipitation Index (SPI-12) (right). Source: Spinoni et al., 2019.
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of current flood protections under the three global warming 
scenarios in consideration (1.5ºC, 2ºC and 4ºC with respect 
to the pre-industrial period) would increase in all continents, 
leading to a general increase in flood risk.

Figure 10.6 shows the standardized global changes in ex-
treme runoff between 2070 and 2099, compared to 1971-
2000 under two emission scenarios (Asadieh and Krakauer, 
2017). It has been observed that the projected changes are 
more intense in the RCP8.5 scenario than in the RCP2.6 
scenario, where each one respectively represents a rise 
of 4ºC and 2ºC in global average temperatures by the end of 
the 21st century, compared to the pre-industrial era. In the 
RCP8.5 scenario, 37% of the continental surface area shows 

a 24.7% average growth in the magnitude of extreme flows, 
which could potentially translate into more floods in those 
regions. In the RCP2.6 scenario, increases in extreme flows 
in the RIOCC region are projected mainly for Colombia, Ven-
ezuela, Ecuador, the coastal region of Peru and the Plata 
basin. In the RCP8.5 scenario, the magnitude of the average 
increase in extreme flows is approximately twice as high. 
This scenario would include the abovementioned countries 
and regions, plus Central America and the Iberian Peninsula. 

Projections of changes in the future incidence of droughts 
depend on each representative indicator. This section shows 
projections that consider the abovementioned indices, name-
ly PDSI and SPEI. Figure 10.7 displays projections of chang-
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es in the PDSI index as well as in the duration of droughts 
using the average of 11 global climate models belonging 
to Phase 5 of the Climate Model Intercomparison Program 
(CMIP5) for temperature rises of 1.5°C and 2°C with respect 
to 1986-2005, as estimated by Liu et al. (2018). The findings 
show that, for the 1.5°C scenario, the PDSI would decrease 
(more prone to drought) in the Amazon, northeast Brazil, 
southern Europe and the Mediterranean, and Central America 
and Mexico. The geographical pattern of changes in the PDSI 
for the 2ºC scenario is quite similar to the 1.5ºC one, but with 
an increased magnitude of change as can be seen from the 
differences between the two warming thresholds. The results 
for to the IBE region are consistent with those found in the 

CEDEX report (2017), which show that droughts will become 
more frequent over the course of this century. 

Figure 10.8 shows the magnitude of the SPEI index for the 
reference period (1976-2005) and the relative changes (%) 
from the baseline for three warming scenarios compared to 
the pre-industrial period. The magnitude of droughts is pro-
jected to increase with warming, doubling by 30%, 38% and 
51% of the global land surface (excluding deserts, hyper-arid 
and cold regions) under warming scenarios of 1.5°C, 2°C 
and 3°C, respectively (Naumann et al., 2018). In particular, 
in the IBE, MEX, CAC, AMZ and southern SSA regions, the 
water deficit could be five times that of the reference period.

RCP 2.6

RCP 8.5

La
�t

ud
e 

°N

Longitude °E

La
�t

ud
e 

°N

0 50-50-100-150

50

0

-50
100 150

0 50-50-100-150

50

0

-50
100 150

0.6

0.4

0.2

0

-0.2

-0.4

-0.6

0.6

0.4

0.2

0

-0.2

-0.4

-0.6

Figure 10.6. Standardized global changes in extreme runoff between 2070 and 2099, compared to 1971-2000 under the RCP2.6 and RCP8.5 
emission scenarios. Negative values indicate the proportion of extreme runoff loss in 2070-2099 compared to 1971-2000, while positive values 
indicate an increase. Source: Asadieh and Krakauer, 2017.



Chapter 10 – Floods and Droughts

380 RIOCCADAPT REPORT

10.2.2. Exposure
Christenson et al. (2014) estimated the exposure of the 
population to drought and floods between 1980 and 2000, 
establishing a ranking by country for each phenomenon 
individually. Exposure was calculated from population den-
sity information and the frequency of occurrence of both 
events. Drought events were defined as those cases in 
which, during three consecutive months, monthly precipita-
tion was less than or equal to 50% of the average long-term 
precipitation. The probability of occurrence of these cases 
was calculated by the International Research Institute for 
Climate Prediction (IRI) from information of the Weighted 
Anomaly Standardized Precipitation (WASP) index (Lyon, 
2004; Lyon and Barnston, 2005). The probability of occur-
rence of floods was calculated considering 3,700 events 
that took place between 1985 and 2003, compiled by the 
Darmouth Flood Observatory using available satellite in-
formation. Flooding frequency was determined by consid-
ering the number of flooding events in each cell. For each 
phenomenon (drought/flood), Christenson et al. (2014) 
calculated an estimate of the exposed population from the 
output among the population in each cell and the probabil-
ity of occurrence of the phenomenon in that cell. Finally, 
the proportion of the exposed population across the entire 

country was calculated as the sum of the exposure values 
of each cell divided by the total population of the country. 
The maximum countrywide theoretical exposure value is 1. 
Figures 10.9 and 10.10 show the global ranking of popula-
tion exposed to droughts and floods, respectively. 

According to this methodology and an evaluation spanning 
193 countries, the five Latin American countries with the 
largest populations exposed to droughts for the period under 
study were Guatemala, Chile, Ecuador, Mexico and Nicara-
gua. In the case of floods, the five most exposed countries 
were Guatemala, El Salvador, Honduras, Haiti and Colombia. 
Table 10.1 shows the ranking of both events for all RIOCC 
countries over the worldwide total of 193 countries. Similarly, 
Table 10.2 shows the percentage changes in the amount of 
population affected and flood damage for different levels of 
future warming (1.5°C, 2°C and 4°C) for the RIOCC countries 
in relation to the period 1976-2005. All scenarios entail an 
increase in the affected population, which in some cases 
—such as Colombia, Ecuador, Peru and Uruguay—exceeds 
1000% for the highest warming scenario, with statistically 
significant changes. In terms of expected damages, they 
increase together with rises in average global temperature 
and exceed 1000% for the 4°C scenario in Ecuador, Panama, 
Peru and Uruguay.

Figure 10.7. Projected change in PDSI drought index from 1986-2005 for 1.5°C (top panel) and 2°C (middle panel) global warming scenarios, and 
differences between the two (bottom panel) derived from an average of 11 global climate models. Source: Liu et al., 2018. 
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10.2.3. Vulnerability
Vulnerability to drought and floods is generally inversely re-
lated to the degree of economic and social development of 
the affected regions. Population growth, accelerated urban-
ization of informal human settlements, lack of well-planned 
and quality infrastructure, high rates of social inequality, 
poverty, agriculturally dependent economies and inadequate 
environmental practices, these are all socio-economic factors 
that foster vulnerability and result in water deficit and excess 
events having an even greater impact. There are four types 
of vulnerability according to exposure: (1) infrastructure 
exposure, (2) population exposure, (3) productive systems  
exposure, and (4) ecosystem exposure. Vulnerability can 
be separated into four types of fragility: (1) socio-economic 
fragility, (2) environmental fragility, (3) physical fragility and 
(4) institutional fragility. The components that determine vul-
nerability according to adaptive and response capacity are 
(1) savings and debt capacity, (2) risk perception, and (3) 
governance and territorial management capacity.

Neri and Magaña (2016) provide a list of factors that reveal 
vulnerability to drought at a given time and region:

1.  Pressure on water resources (amount of water withdrawn 
for consumption vs. water renewal)

2.  State of aquifers (number of overexploited aquifers or with 
saltwater intrusion problems)

3.  Amount of treated wastewater

4.  Cost of water in urban areas

5.  Water productivity in irrigated areas (cost of water used 
for irrigation in relation to agricultural productivity) 

6.  Water storage capacity in large reservoirs vs. current 
storage

Vulnerability to floods can be classified into different types 
according to whether the exposed system is located in areas 
that are potentially sensitive to the hazard or according to its 
fragility (level of intrinsic susceptibility of the elements likely 
to be affected by an estimated magnitude of the hazard). A 
third type of vulnerability is determined by the capacity to 
adapt and respond (Vera Rodríguez and Albarracín Calderón, 
2017).

While vulnerability to droughts and floods differs greatly 
among the different RIOCC countries, it is essential that 

C°5,1 = LWSesab ed aeníL

C°0,3 = LWSC°0,2 = LWS

Figure 10.8. Drought magnitude and relative changes (%) in drought magnitude from baseline (1976-2005) for three warming scenarios 
compared to the pre-industrial period (1.5, 2.0 and 3.0°C). Changes that are not statistically significant at 10% are shaded in grey. Source: 
Naumann et al., 2018.
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Figure 10.9. Ranking of population exposed to drought in each country for the 1980-2000 period, in quintiles. Source: Christenson et al., 2014.

Figure 10.10. Ranking of population exposed to floods in each country for the 1985-2003 period, in quintiles. Source: Christenson et al., 2014.
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efforts to reduce them be guided through collective action 
by the Ibero-American community. In this regard, Spain and 
Portugal act as a catalyst for sources of financing to improve 
adaptive capacity, as well as playing an important role in 
providing technical assistance through cooperation to build 
resilience and adaptive capacity throughout the region, es-
pecially in the most vulnerable countries. It is also important 
to multiply experiences of South-South cooperation, among 
countries in the region and with other regions (Martin Murillo 
et al., 2018).

Some regional factors to consider are that many of the 
floods and droughts in the Andes region occur during the 
extreme phases of El Niño-Southern Oscillation (El Niño 
and La Niña) (Poveda et al., 2020), and that watershed 
deforestation exacerbates the occurrence of hydrological 
extremes such as floods and droughts in many of the re-
gion’s river basins, including the Amazon River basin (Sala-
zar et al., 2018).

10.3. Characterization of risks 
and their impacts

10.3.1. Floods
Floods are a global phenomenon that can cause widespread 
devastation, economic damage and loss of life. Climate 
change repeatedly shows up as one of the possible causes 
of flooding. This is because, although it is associated with an 
increase in precipitation in some regions of the RIOCC coun-
tries on the one hand, it manifests itself to a greater extent 
as an increase in the frequency and intensity of heavy pre-
cipitation. When it falls on a territory that has been subject 
to unrestrained use, this significantly increases the chances 
of becoming a catastrophe. This has brought to light multiple 
causes of surface affectation that are necessarily linked to 
flood events. Some of them include deforestation, monocul-
ture, specific interventions that modify natural runoff, and 
urban development in flood-prone areas.

For example, the types of floods that take place in Argen-
tina are quite different (mostly urban, plain, riverside) and, 
according to a World Bank report (2016), they make up for 
60% of the disasters that happen every year. Particularly in 
large cities, the impacts of heavy rainfall and lack of planning 
are exacerbated by the country’s hyper-urbanization, where 9 
out of 10 people live in cities (see Chapter 13 of this report).

10.3.2. Droughts
Droughts hinder the economic, social and environmental de-
velopment of a territory, and their consequences are manifold. 
This is largely because of the restrictions they place on the 
water supply to the population (see Chapter 6), agriculture 
(see Chapter 7) or industrial activity. The impacts caused 
by droughts are social, environmental and economic and in-
clude: degradation and loss of nutrients from unprotected soils 
due to wind and water erosion, degradation or destruction of 
forests (wildfires, see Chapter 12), dehydration and loss of 
vegetation, migration or loss of wildlife, decrease in aquifer re-
charge and overexploitation, effects on water quality, reduction 
in agricultural production, conflicts between different water 
users, deterioration in public health, migration, etc.

The duration and impacts of droughts may vary from country 
to country. While those lacking water storage infrastructure 
and whose water supply depends directly on precipitation, 
a decline in precipitation sustained over a few months can 
lead to drought. In other countries with sufficient water stor-
age infrastructure, the greatest impacts are felt when water 
shortages occur over several consecutive years. 

For example, in Bolivia, agriculture sustains the largest 
drought impacts because only 5% has complementary and/
or supplementary irrigation, followed by the drinking water 
supply sector. This sector was not severely affected until 
the drought of 2015-2017, whose impacts were felt in ur-

Table 10.1. World ranking of populations exposed to droughts 
and floods in RIOCC countries for the 1980-2000 and 1985-2003 
periods, respectively. Source: Christenson et al., 2014.

Country
Place in the drought 

exposure ranking
Place in the flood 
exposure ranking

Andorra No data No data

Argentina 92 36

Bolivia 101 39

Brazil 98 46

Chile 18 37

Colombia 55 16

Costa Rica 107 44

Cuba 97 60

Dominican 
Republic

154 24

Ecuador 27 17

El Salvador 183 9

Guatemala 10 5

Honduras 148 10

Mexico 40 52

Nicaragua 49 29

Panama 156 72

Paraguay 138 21

Peru 114 35

Portugal 79 81

Spain 64 109

Uruguay 129 61

Venezuela 73 38
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ban areas, affecting seven cities across the country. The 
event showed that neither Bolivian cities nor their distribution 
systems are prepared for cuts in water distribution, causing 
conflicts over water use. In Brazil, drought has become com-
monplace in all regions. Between 2014 and 2016, some of 
its most important cities were on the verge of collapse due to 
limited water supply. The São Paulo Metropolitan Area, home 
to more than 20 million inhabitants, went through a severe 
drought that caused the worst water crisis the region has 
ever seen (Vásquez, 2018). This phenomenon even affected 
the Amazon, where, in recent years, drought has been iden-
tified as an aggravating driver for wildfires (UNESCO, 2018).

The historical record of the incidence of droughts in Chile 
shows the important impact that some events have had on 
the country’s economic, social and political landscapes, par-
ticularly in the agricultural and forestry sectors, supply of 
drinking water, energy and the environment. In 2010 the phe-
nomenon known as the ‘Central Chile megadrought’ began, 
characterized by a water deficit of approximately 30%. The 
impacts of this phenomenon are associated, among others, 

with a sharp reduction in water availability (70% deficit in 
average flows in the regions of Coquimbo and Valparaiso), 
a progressive decrease in groundwater levels, a notable 
deterioration of non-irrigated vegetation in central Chile, a 
70% increase in burnt forest area, and the enactment of a 
significant number of Water Scarcity Decrees by the General 
Directorate of Water (UNESCO, 2018).

Spain has been particularly affected by drought. During 
the 1992-1995 period, agricultural organizations estimated 
losses of about 9 billion euros, while the 2017 event—con-
sidered one of the worst in recent years—had severe conse-
quences on hydroelectric production, which saw a reduction 
of almost 50%. In Mexico, during the prolonged drought of 
2011-2012—one of the most severe and harmful in recent 
decades—86% of the Mexican territory experienced a serious 
water crisis affecting more than 300,000 people in the agri-
cultural and livestock sectors, 800,000 agricultural hectares 
and 1.3 million heads of livestock (CENAPRED, 2013). 

A recent report (Christian Aid, 2018) highlights the ten most 
destructive extreme weather events (droughts, floods, fires, 

Table 10.2. Changes (%) in affected population and flood damage for different warming scenarios in RIOCC countries between 1976 and 
2005. Values with a confidence level of change below 90% are shown in italics. Source: Alfieri et al., 2017.

Country
Change (%) in affected population Change (%) in expected damage

1,5 °C 2 °C 4 °C 1,5 °C 2 °C 4 °C

Andorra No data No data No data No data No data No data

Argentina 64 160 613 32 94 390

Bolivia 50 70 53 78 101 103

Brazil 104 150 445 101 158 390

Chile 34 7 142 14 -15 -30

Colombia 140 248 1022 104 162 662

Costa Rica 40 3 268 24 7 260

Cuba 10 24 146 23 14 147

Dominican Republic 74 35 91 77 51 65

Ecuador 292 552 2695 339 659 3295

El Salvador 42 26 72 51 32 83

Guatemala 20 20 77 21 23 70

Honduras 51 27 62 55 26 51

Mexico 29 21 104 34 18 107

Nicaragua 23 15 38 30 24 53

Panama 8 88 1540 2 90 1369

Paraguay 30 60 221 -1 -5 58

Peru 390 662 1430 675 1135 2724

Portugal 936 1237 779 901 1147 692

Spain 126 140 55 165 170 51

Uruguay 271 540 2306 320 573 1748

Venezuela 36 57 192 -25 7 112
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heat waves, typhoons, hurricanes) in 2018. This list includes 
one in Latin America: the Argentinean drought that took place 
between late 2017 and April 2018. During this period, pre-
cipitation in some parts of the country declined by more 
than 50%, making it the worst drought to hit the country in 
50 years. As a result, Argentina’s soybean and corn crop 
yields were 31% and 20% lower than the previous year, which 
translated into economic losses of US$6 billion. 

10.4. Adaptation measures 

10.4.1. Adaptation options
This section lists a number of possible planned adaptation op-
tions to minimize the consequences of floods and droughts. 
As can be seen further below, these measures can be both 
structural and non-structural, for both phenomena. Those that 
involve building infrastructure can be costly and difficult to 
reverse should they become obsolete as more knowledge 
is acquired or uncertainties about future climate scenarios 
decrease. In contrast, there are other measures, such as 
those linked to training, promoting research or strengthen-
ing monitoring systems that will be easier to reverse in the 
face of changes in future climate prospects. On the other 
hand, when selecting which measures to implement, each 
of their co-benefits should also be assessed. Consequently, 
designing an adaptation plan requires an in-depth analysis of 
each situation, consideration of social, economic and cultural 
aspects, as well as of the resources and capacities of those 
responsible for its implementation.

Below is a list of possible flood adaptation measures:

1.  Strengthening of water resources management plans 
among basin authorities due to water surpluses.

2.  Development of specific flood risk management plans that 
consider the influence of climate change.

3.  Carrying out flood defence works and conducting or re-
taining water surpluses and floods due to the frequency 
of extreme rainfall in urban and rural areas.

4.  Development of urban-environmental management plans 
that take into account risk levels.

5.  Investment in equipment and development of human re-
sources for hydrological warning systems.

6.  Redefining and adapting design parameters for infrastruc-
ture works taking into account new climatic conditions.

7.  Recovery of the fluvial space, lamination of avenues and 
reduction of the force of flow, improvement of the state 
of conservation of the aquatic ecosystems and recovery 
of river connectivity.

8.  To stop the accelerated processes of deforestation of 
river basins and to implement reforestation programs with 
native species.

Possible adaptation options to mitigate the risk of drought 
include the following:

 1.  Protecting water recharge areas.

 2.  Minimizing water losses in the distribution system. 

 3.  Monitoring groundwater levels in aquifers to activate pos-
sible overextraction warnings, thereby adjusting pumping 
scenarios.

 4.  Developing management initiatives aimed at reducing net 
demand through pricing policies or water use restrictions.

 5.  Improving water use efficiency for irrigation through 
changes in the methods used.

 6.  Developing infrastructure works to increase water supply 
in the region.

 7.  Implementing fiscal incentives that favor crop diversifi-
cation, with greater benefits for those drought resistant 
varieties.

 8.  Promoting research and development of new, more 
drought-resistant crop varieties.

 9.  Training farmers to adjust farm management methods 
(e.g., changes in sowing/harvesting dates based on new 
climate conditions).

10.  Strengthening the environmental monitoring system by 
installing automatic weather stations that provide free 
access to information in real time.

10.4.2. Planned adaptation activities
This section provides some examples of activities in the Ibe-
ro-American region that involve adaptation to climate change 
from a broad perspective, i.e., that includes droughts and 
floods, but is not necessarily restricted to these phenomena. 
More examples on adaptation to drought can be found in 
Chapters 6 and 7, and to floods in Chapters 9, 11, 13 and 
14 of this report.

10.4.2.1. Supranational scale
In 2013, the Development Bank of Latin America (CAF) pre-
sented its climate change adaptation program. It includes a 
set of proposals and concrete actions to promote and sup-
port planned adaptation processes with regard to policies, 
plans, programs and projects, in order to steer sustainable 
development in all member countries in Latin America and 
the Caribbean. This program runs along five strategic lines:

1.  Promoting access to the flow of financial resources for 
adaptation.

2.  Strengthening the institutional capacity of the public and 
private sectors for adaptation.

3.  Promoting concrete adaptation actions on-site, in re-
sponse to each country’s most pressing needs.
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4.  Supporting the generation and management of knowl-
edge.

5.  Developing measures aimed at strengthening CAF’s in-
ternal capacities, and to integrate climate considerations 
into all the operations supported by the bank.

In parallel, the Inter-American Development Bank (IDB) formed 
the Climate Change Network, which is made up of high-level pub-
lic officials in charge of climate change policies in Latin America 
and the Caribbean. The purpose of the network is to create a 
channel where the main actors in the region can discuss with 
IDB specialists. The network focuses on two lines of activities:

1.  Actions by national governments to implement climate 
change strategies and programs, and adopting climate 
change mitigation and adaptation measures in key eco-
nomic sectors.

2.  Integrating climate change into the development policy of 
the borrowing member countries.

In 2013, the European Commission adopted the European 
Union (EU) Adaptation Strategy to coordinate national sec-
tors and policies and to address some cross-border climate 
issues between Member States. The specific objectives of 
the strategy are as follows:

1.  Enhancing the resilience of EU countries, regions and 
cities.

2.  Making more informed decisions.

3.  Enhancing the resilience of key vulnerable sectors and 
integrating adaptation.

The member states that have a national adaptation strategy 
in line with this proposal include Spain and Portugal.

In 2019, the World Bank Group launched its Action Plan on 
Climate Change Adaptation and Resilience (World Bank, 
2019), which will increase direct funding for climate change 
adaptation projects to US$50 billion over the 2021-2025 
period. This will support activities such as:

1.  Improving the quality of forecasts, early warning systems 
and climate information services. 

2.  Supporting 100 river basins via climate-sensitive manage-
ment plans or improved management.

3.  Developing social protection systems that can respond 
better to climate change.

10.4.2.2. National and sub-national scale
There are many cases of adaptation at the national level. 
For example, Spain is highly irregular with regard to temporal 
and spatial distribution of water resources, and many areas 
throughout its territory are affected by water shortages and 
frequent droughts. The implementation of policies and ac-
tions such as setting up a countrywide system of indicators, 
developing drought management plans in the Basin Organi-

zations and involving users and civil society are helping to 
minimize the socioeconomic and environmental impacts of 
droughts. Most of these policies were put in place after the 
severe drought that hit in Spain between 1991 and 1995. Its 
massive economic, social and environmental impacts helped 
to raise awareness about the need for subsequent adminis-
trations to consider drought as a normal and recurrent event 
in Spanish climate and for drought management policies to 
move away from a crisis management approach to planned 
drought risk management schemes.

Costa Rica is highly vulnerable to the adverse effects of 
climate change. The risks of extreme hydrometeorological 
events are significant and currently manifest themselves 
in increasing losses and damages (MINAE, 2018). These 
events, added to the conditions of exposure and vulnerability 
where large parts of the population live, generate social con-
flicts and a permanent erosion of the country’s development 
assets. The specific objectives of this policy are as follows:

1.  Strengthening resilience capacities and conditions. 

2.  Reducing vulnerability/damage and loss. 

3.  Seizing opportunities.

The Plan for Risk Management and Adaptation to Climate 
Change in Peru’s Agricultural Sector for the 2012-2021 period 
(MINAG, 2012) is a management tool that provides strategies, 
policy guidelines, proposals and actions that have been agreed 
upon with the regions. It is intended to reduce risks and vulner-
abilities and reduce the effects of climate change that directly 
impact medium and small-scale agricultural production, putting 
the food security of vulnerable populations at risk. Four climatic 
hazards were given priority with regard to agricultural risk man-
agement, two of which were droughts and floods.

Mexico’s National Strategy on Climate Change (ENCC, 2013) 
defines three strategic pillars to adapt to a set of climatic 
phenomena. These include droughts and floods as major haz-
ards, to which the country is particularly vulnerable. These 
pillars are as follows:

1.  Reducing vulnerability and increasing the resilience of the 
social sector to the effects of climate change.

2.  Reducing vulnerability and increasing the resilience of 
strategic infrastructure and productive systems to the 
effects of climate change.

3.  Conserving and sustainably using ecosystems and main-
taining the environmental services they provide.

In the case of Argentina, both droughts and floods are re-
current and extremely severe adversities that affect various 
regions of the country, causing significant economic losses, 
disruptions in industrial processes and important alterations 
in social activities. Methodologies are currently being devel-
oped to reduce vulnerability and risk to both events, partic-
ularly for the most sensitive areas and social sectors within 
the framework of the International Strategy for Disaster Re-
duction (ISDR). Furthermore, Law 27,287, passed in 2016, 
created the National System for Disaster Risk Reduction and 
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Civil Protection (SINAGIR) with the aim of realizing the efforts 
and consensus necessary for the state to design a disaster 
risk reduction and civil protection policy.

10.4.2.3. Local or municipal scale
The initiatives undertaken by many cities in the RIOCC re-
gion are generally aimed at mainstreaming knowledge and 
guiding action on climate change among the different areas 
or departments of local administrations, so as to influence 
decision-making and policy development. Many cities in the 
region have local adaptation plans and/or are part of interna-
tional city groupings such as C40 (Barcelona, Bogotá, Buenos 
Aires, Curitiba, Guadalajara, Lima, Lisbon, Madrid, Medellín, 
Mexico City, Quito, Rio de Janeiro, Salvador, Santiago, São 
Paulo, https://www.c40.org/) and the Covenant of Mayors 
for Climate and Energy (mostly cities in the Iberian Peninsula 
and only three in Latin America, http://pactodealcaldes-la.
eu/). Networks of cities have also been created at the nation-
al level, such as the Resilient Cities Network in Mexico, the 
Spanish Network of Cities for Climate (http://www.redciuda-
desclima.es/) and the Argentinian Network of Municipalities 
facing Climate Change (https://www.ramcc.net/). Below are 
some examples of adaptation measures against drought and 
floods, implemented by urban centers in the region. 

The most serious case of flooding in an Argentinean city 
took place on April 2, 2013. On that day, more than 400 
millimeters fell in four hours in the city of La Plata (800,000 
inhabitants), causing dozens of deaths. In response to this 
event, the Integrated Hydro-Environmental Monitoring and 
Early Warning System (SIMATH, https://www.gba.gob.ar/
ciencia/simath) was implemented. This involved coordinating 
different hydrometeorological/environmental measurement 
networks to detect floods and droughts at an early stage, and 
as an instrument to anticipate and implement measures for 
taking action in 135 municipalities in the province of Buenos 
Aires (Argentina).

The water supply to the city of Trujillo (Peru) originates from two 
different sources: the Moche River Basin and the Santa River 
Basin. The irrigation sector is very important for Trujillo’s econ-
omy and its social sustainability. Given the projected massive 
growth of the urban population and its corresponding increase 
in water demand over the coming decades, as well as the sys-
tem’s capacity to meet current demand, Trujillo’s water supply 
system is both sensitive and vulnerable to changes in water 
availability. Proposed adaptation measures under drier climate 
conditions include monitoring groundwater levels to activate 
possible overextraction warnings and changing pumping sce-
narios accordingly to minimize losses in the distribution system 
(pressure reduction and/or replacement works) (IDB, 2015).

10.4.3. Autonomous adaptation activities
While planned approaches to adaptation based on vulnerabil-
ity assessments are key, it is equally relevant to understand 

and enable the adaptive responses that take place sponta-
neously in society. Autonomous adaptation normally takes 
place when the benefits accrue primarily to those involved 
in adaptation. In this regard, education and capacity building 
are essential not only to promote adaptive responses, but 
also to prevent adverse effects of autonomous adaptation 
measures. For example, in drought-prone regions, individuals 
could adapt by using more water for irrigation or by drilling 
their own wells, although this would probably aggravate the 
situation by reducing overall water availability. With regard 
to flood events, many of the autonomous adaptation mea-
sures envisage building various types of hydraulic defense 
infrastructure (dikes, embankments, retaining walls, chan-
nels, diversion of watercourses and construction of artificial 
dams and reservoirs), which could cause negative impacts, 
as they are not part of integrated water resource planning, 
thus aggravating the conditions of water excess/deficit in 
neighboring areas. 

Cutwaters stand out among some of the examples to ensure 
water availability, encouraging its efficient use during times 
of shortage. They are reservoirs with a curtain of rammed 
earth that stops runoff and helps to form a lake. These struc-
tures are frequently used in livestock farming as a supple-
mentary source of water for animals or pastures in Uruguay, 
Argentina and Paraguay (Magrin, 2015). Similarly, holding 
ponds (atajados) are ponds built in the ground that are used 
to collect rainwater, to be used when there is not enough 
availability. Experiences obtained in Cochabamba (Bolivia) 
shows that families with a holding pond (atajado) reduce the 
risk of loss or complete crop failure and have the possibility 
of diversifying and intensifying agricultural production and 
producing fodder for livestock (Magrin, 2015). More exam-
ples of autonomous adaptation to water stress and shortag-
es can be found in Chapters 6 and 7 of this report.

10.5. Barriers, opportunities  
and interactions

One of the main adaptation planning obstacles that have 
been identified concerning droughts and floods is the funding 
required for integrating and collecting information and to de-
velop plans. Each situation’s existing institutional, regulatory, 
administrative, economic and social contexts may interfere 
with securing financial resources and technical and institu-
tional capacity to implement concrete adaptation measures. 
Other barriers include limited knowledge of climate variabil-
ity and uncertainties about the future climate, insufficient 
awareness of both political actors and the general popula-
tion, lack of regulations and sometimes poor communication 
of adaptation needs. 

In terms of opportunities, including participatory approaches 
with different sectors of society as part of the development 
and implementation of adaptation plans is greatly import-
ant, as it allows to strengthen local capacities in relation 



Chapter 10 – Floods and Droughts

388 RIOCCADAPT REPORT

to the challenges borne out of climate change impacts. It 
also allows taking into account the experiences and local 
knowledge present in the communities in order to prioritize 
appropriate measures.

One of the greatest challenges involved in designing climate 
change adaptation measures is to think of these measures 
as being integrated with mitigation measures, in order to 
generate synergies between them. In other words, seeking 
to maximize the benefits of mitigation and adaptation on the 
one hand, while minimizing the potential trade-offs in order 
to promote sustainable development on the other. For exam-
ple, green roofs or terraces remove carbon dioxide from the 
atmosphere through photosynthesis, thereby contributing to 
mitigate climate change. They are also efficient at retaining 
rainwater and therefore constitute an adaptation measure 
to prevent flooding. One example of the feasibility of this 
strategy is the analysis on the use of green terraces as a 
flood mitigation strategy, conducted in the central region of 
Chile (Mora-Melià et al., 2018).

10.6. Measures or indicators of 
adaptation effectiveness

This section provides some examples of the metrics used 
to assess progress in adaptation to droughts and floods in 
the face of climate change. The indicators listed below are 
part of the Repository of Adaptation Indicators (GIZ, 2014).

These indicators can be differentiated between those that 
measure climate impact, those that seek to monitor the im-
plementation of adaptation measures (e.g., number of orga-
nized awareness workshops, percentage of updated building 
codes, etc.) and those that aim to evaluate the results of 
adaptation strategies (e.g., percentage increase in crop yield 
per hectare during a dry period) where the results can be un-
derstood in terms of increased adaptive capacity or reduced 
sensitivity to climate stress, or a combination of the above.

Some of the indicators proposed to measure the climate 
impact are as follows:

• Number of households affected by drought

• Total percentage of livestock killed by drought

• Number of people living in flood-prone areas

• Number of flooded properties per year

• Number of properties located on river/coastal floodplains

• Number of companies located in areas at risk of flooding/
coastal erosion

• Number of hospitals located in areas at risk of flooding/
coastal erosion

• Number of households within the most marginalized 
communities located in areas at risk of flooding/coastal 
erosion

• Total forest area affected by wildfires per year

• Total length of sewerage and drainage network at risk 
from climate hazards

• Climate-related power failure

• Financial losses due to extreme weather events

• Number of cases of waterborne diseases

• Number of people permanently displaced from their 
homes as a result of floods or droughts

Some of the indicators that allow monitoring the implemen-
tation of adaptation measures are as follows:

• Number of methodological guides produced to assess 
the impacts of climate events 

• Number of climate-sensitive tools that have been deve-
loped and tested

• Number of vulnerable actors using climate-sensitive tools 
to respond to climate variability or change

• Number of communication tools incorporating climate 
change adaptation

• Number of public awareness campaigns on water effi-
ciency

• Number of visitors to the national climate adaptation 
website

• Percentage of chambers of commerce and industry actors 
that use and distribute climate information

• Number of disseminated best practices for urban adap-
tation

• Percentage of the population living in flood- and/or drou-
ght-prone areas with access to rainfall forecasts

• Number of government officials who have received adap-
tation training

• Level of integration of climate change into development 
planning

• Number of policies and coordination mechanisms that 
explicitly address climate change and resilience

• Number of introduced or adjusted policies, plans or pro-
grams that integrate climate risks

• Adaptation performance indicators include the following:

• Percentage of impoverished people in drought-prone 
areas with access to safe and reliable water

• Percentage of households with reduced flood risk due to 
new or improved defenses

• Reduced costs of flood damage and disaster relief in 
cities by raising standards of flood protection and impro-
ving flood emergency preparedness

• Percentage of arable land covered by crop insurance

• Percentage of additional fodder for grazing livestock
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• Increased agricultural productivity through irrigation of 
harvested land

• Increase in percentage of climate-resilient crops being used

• Percentage of area cultivated with drought-resistant varieties

10.7. Case Studies

10.7.1. Integrated Climate Change Plan  
for the Department of Chocó  
(PICC-Chocó), Colombia

10.7.1.1. Case summary
The Department of Chocó (Colombia) is one of the regions 
with the highest precipitation worldwide. This, together with 
its high poverty levels, make it highly vulnerable to floods 
and landslides. PICC-Chocó seeks to create tools that will 
safeguard the evolutionary processes and environmental 
supply in the region, as well as create 
strategies to address climate change. 
It also aims to raise awareness of its 
situation and thus prepare the territory 
to make the right decisions in the face 
of climate change and the socio-envi-
ronmental implications it entails. This 
plan is built around six programs that 
are based on the country’s political, nor-
mative and conceptual framework. They 
are supported by the territorial and the-
matic context information that was col-
lected during a diagnostic phase. 

10.7.1.2. Introduction to the 
case problem

The Department of Chocó is located on 
the Pacific coast and is home to one of 
the rainiest regions in the world, with an 
average annual precipitation between 
12,000 and 13,000 mm (Poveda and 
Mesa, 2000). This makes it highly 
vulnerable to flooding and landslides. 
Furthermore, this is one of Colombia’s 
poorest and most socio-economically 
underdeveloped regions, which exacer-
bates socio-environmental vulnerabili-
ty. PICC-Chocó, developed through an 
agreement between the Ministry of En-
vironment and Sustainable Development 
and the Pacific Environmental Research 
Institute, seeks to prepare the depart-
ment for greenhouse gas mitigation and 
adapt it to extreme weather events.

10.7.1.3. Case description
IPCC-Chocó (MADS, 2016) was designed to address the haz-
ards related to climate change. This Plan was divided into six 
programs: (1) Environmental education, as the foundation, sup-
port and structure of a new citizen and institutional culture to 
confront climate change in Chocó; (2) The production of data, 
information and knowledge as the basis for innovation and de-
cisions to confront climate change in Chocó; (3) The timely 
and effective management of knowledge and information as 
a strategy for informed decision-making on climate change;  
(4) Coordinating and strengthening institutions and communi-
ties, to jointly address climate change in the Chocó; (5) En-
vironmental and productive land management, returning to a 
sustainability-based development model to address climate 
change in the Chocó; and (6) Reducing vulnerability and improv-
ing adaptive capacity, mechanisms for comprehensive care of 
communities in the face of climate change (see Figure 10.11). 
These programs are based on Colombia’s political, regulatory 
and conceptual framework, and are supported by the territorial 
and thematic contextual information collected during the diag-
nostic review process in the Chocó department.

PROGRAM 1
ENVIRONMENTAL

EDUCATION TO CREATE 
A NEW CULTURE 

FOR CITIZENS

PROGRAM 2
RESEARCH AND 

MONITORING FOR 
INNOVATION AND 
DECISION-MAKING

PROGRAM 3
TIMELY 

AND EFFICIENT 
KNOWLEDGE 
MANAGEMENT

PROGRAM 4
INSTITUTIONAL

AND COMMUNITY
ORGANIZATION 

AND ASSOCIATION

PROGRAM 5
ENVIRONMENTAL 
AND PRODUCTIVE 
LAND PLANNING

PROGRAM 6
VULNERABILITY 
REDUCTION AND 

IMPROVEMENT OF 
ADAPTIVE CAPACITY

Figure 10.11. Conceptual diagram of the Integrated Plan for Climate Change in the Department 
of Chocó, Colombia. Source: MADS, 2016.
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10.7.1.4. Limitations and interactions 
PICC-Chocó includes a draft action plan to ensure its imple-
mentation in the short term, fostering ongoing development 
assessments so that corrective measures can be carried 
out in a timely manner, where necessary. To this end, it 
specifies the institutions and social actors responsible for 
each activity, giving priority to the most urgent measures, 
establishing a timeline for their implementation, defining the 
sites where these measures should be carried out and, fi-
nally, proposing a follow-up and monitoring mechanism. On 
the other hand, the plan’s implementation should go hand in 
hand with a consolidation and coordination process for work 
strategies within the territory, taking into account the new co-
existence scenarios across the region, driven by the signing 
of the peace agreements and regional dialogue instances. 
This will guarantee a collective development process for the 
department that will allow it to decisively combat the culture 
of illegality that exists both in its territorial management and 
in the use of its natural resources.

10.7.1.5. Lessons learned
PICC-Chocó is not only a tool to implement climate change 
measures in the region, but also an instrument for territorial 
empowerment, and a key element to consolidate autonomy 
and governance across the territory.

10.7.2. Project on adaptation and resilience 
of family agriculture in northeast 
Argentina (NEA) in the face of 
climate change impact and variability

10.7.2.1. Case summary
In northeast Argentina (NEA), the most important climatic 
influence is the variability of precipitation, which makes it 
go through intense droughts and floods in short periods of 
time. This variability limits the access to water for productive 
and multipurpose use, in an area where most producers are 
small family farmers. The general objective of the project 
implemented between 2013 and 2018 and funded by the Ad-
aptation Fund established by the United Nations Framework 
Convention on Climate Change, was to increase the adaptive 
capacity and resilience of 3,591 small family farmers to the 
impacts of climate change and variability, especially those 
resulting from more intense hydro-meteorological events 
such as floods and droughts.

10.7.2.2. Introduction to the case problem
NEA spans 338,679 km2 (12.1% of the country’s continental 
surface, Figure 10.12) and is environmentally heterogeneous. 

80% of the producers are small-scale family farmers and en-
gage in the production of cotton, yerba mate, goats and cat-
tle. The region also has a large forestry and timber industry. 
Another element that stands out in this region is the existence 
of native peoples’ communities. The most pronounced climatic 
influence is variability, especially inter-annual variability, which 
leads to substantial rainfall variation, limiting access to safe 
water both for human consumption and for productive purposes.

10.7.2.3. Case description
Between October 2013 and December 2018, the former Unit 
for Rural Change (UCAR)—now the General Directorate for 
Sectoral and Special Programs and Projects of the Ministry of 
Agriculture, Livestock and Fisheries—implemented a project 
in the NEA financed by the Adaptation Fund established by 
the United Nations Framework Convention on Climate Change 
to increase the adaptive capacity and resilience of small fam-
ily farmers to the impacts of hydro-meteorological events, 
such as floods and droughts.

Achievements include access to safe water for more than 
1,300 families and 800 students and teachers from 12 
schools, optimization of agricultural practices (crop protection 
structures such as macro-tunnels, greenhouses, half-shade 
and drip irrigation systems), strengthening of agro-meteoro-
logical and agro-productive monitoring systems (installation 
of new automatic weather stations and progress in inte-
grating the agro-meteorological networks of various public 
and private actors in the region) and increasing institutional 
capacity for decision-making and management of climate 
change adaptation measures and actions and its variability 
(training of technicians, producers and original peoples in the 
approach to climate change and water harvesting technolo-
gies, agricultural optimization practices and risk transfer).

10.7.2.4. Limitations and interactions 
The project was implemented by three organizations work-
ing together: the National Institute of Agricultural Technology 
(INTA), the Agricultural Risk Office (ORA) of the Ministry of 
Agriculture, Livestock and Fisheries, and the National Direc-
torate of Climate Change of the Secretariat of the Govern-
ment of Environment and Sustainable Development. It also 
benefited from the collaboration of the Ministry of Production 
and Labor through its job training programs, which conducted 
trainings in horticultural, livestock and beekeeping production 
and in the promotion of access to and efficient use of water.

10.7.2.5. Lessons learned
When the project was conceived and during the first years 
of its implementation, there were no national, sectoral or 
provincial adaptation plans in Argentina. Consequently, the 
project has set an important precedent to raise awareness 
of the issue both nationwide and provincially.
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The project involved a large number of stakeholders in the ex-
change of information, as well as in the design, implementation 
and monitoring stages. The experience and knowledge of the 
executing agencies, producer and civil society organizations, 
insurance companies, municipalities and universities contribut-
ed successfully to the project’s design and its implementation. 
The gender issue was mainstreamed into all stages of the 
project, resulting in a significant impact on the lives of women 
from traditional water-carrying families. Thus, by having access 
to safe water on their lands, the women were able to take ad-
vantage of up to four hours per day for other purposes.

10.7.3. Change in hydroelectric operation 
of the São Francisco River, Brazil, 
because of drought

10.7.3.1. Case summary
The São Francisco River runs 2,700 km long and flows 2,810 
m3/s at its mouth into the Atlantic Ocean, making it the third 
most important river in Brazil. According to the last census 
(IBGE, 2010), about 20 million people live in its basin. During 
normal hydrological years, dam rules on the river operated 
properly. However, the sequence of very low flows in recent 
years caused the rules of operation to change, resulting 
in undesirable impacts and conflicts with other uses and 
users of the river’s waters. This situation was particularly 

serious during the dry period between 
2012 and 2016. This case illustrates 
the context in which new operating rules 
for the dams were developed as a result 
of this drought. 

10.7.3.2. Introduction to 
the case problem

Historical uses of the waters of the São 
Francisco River include navigation along 
with water supply and fishing by the riv-
erside communities. Furthermore, the 
river plays an essential role to sustain 
life in the semi-arid region by fertilizing 
its flood plains during the periodic rises, 
which allowed developing agriculture, 
livestock and establishing communities 
along the river. The seasonality of the 
São Francisco River became reduced 
from the second half of the 20th cen-
tury, after large hydroelectric plants 
that regulated the flows were built. 
Investments in hydraulic and energy 
infrastructure together with population 
growth in the basin also led to the emer-
gence of other water uses and actions 

on the river: water supply for irrigated agriculture, human 
and industrial consumption, flood control, fish farming, and 
urban and industrial effluent discharge. The importance of 
navigation has also increased, and the construction of the 
new São Francisco waterway is already in the pipeline. 

Due to a drought in the northeast region of Brazil that began 
in 2012 and lasted several years, the volume of water in the 
reservoirs on the São Francisco River fell to minimum levels. 
This was coupled with an increase in demand for irrigation water 
and evaporation from the reservoirs. Figure 10.13 shows the 
evolution of the naturalized flows to the Sobradinho dam, one 
of the most important uses of the São Francisco, for the 1930-
2017 period. It may be observed that since 2000 there has 
been a decline in tributary flows below the historical average for 
the 1931-1999 period, which becomes more pronounced from 
2012 onwards. The sequence of unfavorable flows from 2012 
was the most critical on record (França et al., 2017), and the 
hydrological year of 2015-2016 has been the worst one yet. 

10.7.3.3. Case description
As a result of the sharp reduction in the flow of the São 
Francisco River since 2012, it became necessary to modi-
fy the operation of the reservoirs—whose design had been 
established in the 1970s—in order to preserve the water 
stocks available and supply the various water uses, mainly 
the water supply of several cities along the river and large 
irrigation projects.

Study area

Figure 10.12. Coverage area of the project on adaptation and resilience of family agriculture in 
northeast Argentina (NEA) in the face of climate change impact and variability.
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Based on the lessons learned from managing the water scar-
city crisis experienced in the basin between 2012 and 2016, 
it also became evident that the operational rule to be imple-
mented should be associated with an agile decision-making 
process that would lead to greater water security for the 
basin. By means of National Water Agency Resolution No. 
2081/2017 (ANA, 2017), operation strips were established 
in the reservoirs of the São Francisco River dam cascade. 
The new operating rules per strip are an important paradigm 
shift in the Brazilian electricity system, which has more than 
100 working dams that are interconnected.

10.7.3.4. Limitations and interactions 
The creation of the dams and the regularization of flows 
in the São Francisco River basin brought important bene-
fits. These works resulted in the installation of more than 
10,000 MW of hydroelectric generation capacity together 
with operational criteria of the dam cascade, seeking to 
maximize power generation by storing excess water from 
rainy periods and using this stored reserve when there is 
a drought. Against this backdrop, one of the major sources 
of conflict in dam operation concerns the minimum flow 
rate, which can translate into restrictions on its various 
uses downstream. 

10.7.3.5. Lessons learned
The new rules for operating reservoirs on the São Francisco 
River seek to address the need to adapt the water system 
to a new hydrometeorological benchmark, recognizing the 
importance of the impacts of climate change on water re-
sources. At the same time, the principles of multiple, rational 

and integrated use of water resources are deemed essential 
to guarantee the water security of the basin.

10.8. Main knowledge gaps and 
priority lines of action

Climate change is causing and will continue to cause chang-
es in the water deficit and excess patterns of the RIOCC 
region. Climate change adaptation measures and policies 
should aim to address changes that have already taken place 
and those that are projected to take place in the near future. 
However, in order for the adaptation strategies to be truly ef-
fective, it is imperative that uncertainties regarding projected 
changes be reduced. This can only be done if research on 
climate science is made a priority in order to accurately as-
sess observed changes and future prospects for the region, 
and if improvements are made to climate and hydrological 
monitoring and warning systems.

10.9. Conclusions
Climate change is already having significant impacts on eco-
nomic activity, social conditions and ecosystems. The capac-
ities of the region—particularly Latin American countries—to 
withstand and adapt to its negative impacts and future risks 
are weakened by the high incidence of poverty, which is 
associated with inadequate infrastructure, as well as limited 
access to services. A significant proportion of Latin American 
residents live in substandard housing on slopes or plains 
prone to flooding, making them vulnerable to storms and 
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Figure 10.13. Naturalized flows to Sobradinho dam on the São Francisco River between 1930 and 2017. The light blue dotted line shows the average 
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floods. Moreover, the incidence of droughts in Ibero-America 
poses a limitation on its economic, social, and environmental 
development, because of the restrictions associated with 
the provision of water to populations, agricultural activities, 
and industry. Therefore, adaptation to water extremes in the 
RIOCC region is a social issue that must be included in each 
government’s short-term priority agenda. 

This chapter has provided a variety of examples indicating 
that in Latin America the process of adaptation to climate 
change with regard to droughts and floods has already be-
gun. However, in order to accelerate adaptation, countries 
must take measures such as collecting better data on cli-
mate risks, building planning and response capacities, and 
improving disaster management and insurance.

Frequently Asked Questions

1.  How does climate change affect the water cycle?

In short, the water cycle can be described as the process 
by which water evaporates from the earth’s surface and 
the oceans, condenses in the atmosphere, and finally 
returns to the earth as rain and snow. Climate change 
intensifies this cycle because as the air temperature ris-
es, evaporation increases. Warmer air can contain more 
water vapor, which in some regions can lead to more 
intense rainfall, causing floods, while in other areas 
exacerbated evaporation results in drought. 

2.  What will happen to droughts if global 
temperatures continue to rise?

Future climate projections show that some areas will 
become wetter while others will get much drier. Under 
a temperature rise scenario of 1.5°C compared to the 
pre-industrial period, the risk of drought increases in 
many regions across the globe, such as the Mediterra-
nean region in Europe, the Amazon and southern Africa. 
This risk becomes significantly higher in a 2°C scenario. 

3.  What will happen to floods if global temperatures 
continue to rise?

Rises in global temperature will increase the frequency 
of extreme flow events on all continents, leading to an 
increased risk of river flooding. This risk will be differ-
ent across regions, largely due to the disparity in local 
socio-economic conditions.

4.  How can science contribute to developing 
adaptation strategies for droughts and floods?

The decision-making process can be aided by a better 
understanding and use of hydrological event forecasts 
derived from high-resolution climate models, which can 
be used to predict and prevent the impact of extreme 
hydrometeorological events. For example, the predic-

tions can be used to optimize the operating efficiency 
of the water system in the face of droughts, taking into 
account the needs of agriculture and hydroelectric power 
generation, or in the case of excess water, to prevent 
possible damage to the population. 
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