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Abstract: Once an El Niño event has been forecast, government warnings and news headlines
highlight the need for society to get ready for the potential impacts of the event, whether drought,
flood, heatwave, disease outbreak, or water shortage. The notion of readiness for a climate-, water- or
weather-related hazard or disaster is a fuzzy term, subject to a wide range of conflicting perceptions.
Not every government sees El Niño as a direct threat to the wellbeing of its citizens. In this paper,
we conceptualize readiness and identify reasons that some governments do not as well as cannot
prepare for El Niño’s foreseeable consequences. Central among those reasons are its characteristics:
quasi-periodicity, event variability, difficulties with onset forecasting, and the fact that El Niño and
its “teleconnections” are influenced by numerous other oceanic and atmospheric oscillations. As a
result, there is no universally accepted approach to or reliable measure of readiness. The concept
is often discussed qualitatively in terms of “shades of readiness”, such as hardly ready, somewhat
ready, almost ready, and absolutely ready. Although El Niño is still difficult to forecast, the existing
knowledge about it can provide usable information for decision makers to choose whether to pursue
strategic or tactical disaster risk reduction policies.

Keywords: El Niño; disaster risk reduction; readiness; teleconnections; lessons; disasters; satisfice;
hurricane; NMHS

1. Introduction

This paper, written from a social science perspective as part of a larger multiyear study to develop
the concept of “El Niño Ready Nations” (ENRNs), is meant to examine the notion of readiness,
especially with regard to El Niño events and government responses. Inspired by a number of
country-based lessons identified in previous lessons-learned research as well as from our recently
published study of societal responses in 16 countries to the 2015–16 El Niño [1], the following six
themes related to the notion of “readiness” for El Niño events were raised: what does it mean to be
“El Niño Ready”; readiness as a fuzzy concept; limits to readiness; who has to be ready, by when,
and to what degree; strategic and tactical social responses; and using El Niño history and science in
readiness decision-making.

Although El Niño has been a field of academic and applied study since at least the beginning
of the 1890s [2–4], the body of knowledge represented by each of the above themes has especially
grown over the past few decades. While scientific understanding of El Niño events specifically, and
El Niño-Southern Oscillation (ENSO) in general, has advanced considerably since the 1972–73 event,
enhanced understanding has seemingly slowed down in the past two decades with regards to step-like
improvements in forecasting its onset [5]. As an example, L’Heureux [6] observed that “El Niño
prediction is not ‘solved’. It wasn’t at the beginning of 2014 and it isn’t now. There are still big
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challenges we face and it will take a lot of time and effort to analyze the data to better understand
ENSO and informed by that new knowledge, predict it with greater accuracy”.

El Niño was first a concern in the eastern tropical Pacific Ocean and allegedly given its name by
Peruvian fishermen in the late 1800s. Since then, it has increasingly been recognized as a naturally
occurring air–sea interaction with adverse impacts on societies around the globe. It has also increasingly
become a political concern because decades of physical and social science studies have uncovered its
reach in distant locations worldwide referred to as El Niño’s teleconnections. Improved knowledge
of El Niño’s influences at all socio-economic levels and across many aspects of society has value to
ENSO-related decision making for disaster risk reduction (DRR) [7].

Pigeon and Rebotier state the generally acknowledged DRR paradox: “although more time
and resources are increasingly dedicated to understanding disaster and mitigating their impacts,
the number of disasters and the magnitude of their associated damage are increasing, at least in
some statistically significant categories” [8] (p. 3). They underscored how the rise in the number of
hydro-meteorological (hydromet) disasters has been the result of natural and of social conditions,
which unwittingly pave the way for known hazards to bring about catastrophe.

El Niño, similar to the seasons, is not generally considered a natural hazard. However, all
can agree that El Niño events are at the very least a generator of extreme—and most often now
foreseeable—hydromet anomalies (e.g., droughts and floods), not to mention secondary effects such
as food insecurity and disease outbreaks in teleconnected areas the world over [9–12]. The hydromet
anomalies associated with El Niño provide additional lead time for society to prepare for the likely
foreseeable adverse conditions and potential benefits that might occur. In addition, acknowledging El
Niño’s known uncertainties, that is, what we know that we do not know, can be applied to DRR efforts.

El Niño is a key phase of an irregular multi-year, three-phase cycle called ENSO (Figure 1).
The “EN” represents warm extremes in sea surface temperatures in the central and eastern tropical
Pacific Ocean. The “SO” represents the Southern Oscillation, which brings about seesaw-like changes
in sea level surface pressure across the tropical Pacific between Darwin, Australia and Tahiti.
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Figure 1. Red depicts anomalously warm Sea Surface Temperatures. ENSO’s three phases: (a) El Niño; 
(b) Normal (Neutral); and (c) La Niña Source: Pacific Marine Environmental Laboratory [13]. 

Trenberth [14] estimated that El Niño (ENSO’s warm extreme) and La Niña (ENSO’s cold 
extreme) phases, taken together, occur about 50% of the time. The Neutral phase, encompassing the 
remaining time, is perceived by the general public as their normal, e.g., expected, climate. Each of the 
ENSO phases has different expected influences on seasonal and sub-seasonal weather, as in the case 
with tropical hurricanes (Figure 2). For example, in El Niño years, there is a tendency for the number 
of hurricanes to decrease in the Atlantic Ocean, in part due to the enhancement of the jet stream which 
increases vertical shear over the Atlantic. Conversely, in La Niña years, the number of hurricanes 
tends to increase, due to the decrease of vertical shear over the Atlantic. It should be noted however 
that this relationship is asymmetrical and one should not assume that societies are safe from 
hurricanes during El Niños [15]. For example, Pielke Jr. and Landsea [16] showed that: (a) the La Niña 
link was stronger (e.g., more hurricanes and losses); and (b) even though there are fewer hurricanes 
during El Nino years, one event can still incur catastrophic damage. Advances made in forewarnings 
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Figure 1. Red depicts anomalously warm Sea Surface Temperatures. ENSO’s three phases: (a) El Niño;
(b) Normal (Neutral); and (c) La Niña Source: Pacific Marine Environmental Laboratory [13].

Trenberth [14] estimated that El Niño (ENSO’s warm extreme) and La Niña (ENSO’s cold extreme)
phases, taken together, occur about 50% of the time. The Neutral phase, encompassing the remaining
time, is perceived by the general public as their normal, e.g., expected, climate. Each of the ENSO
phases has different expected influences on seasonal and sub-seasonal weather, as in the case with
tropical hurricanes (Figure 2). For example, in El Niño years, there is a tendency for the number of
hurricanes to decrease in the Atlantic Ocean, in part due to the enhancement of the jet stream which
increases vertical shear over the Atlantic. Conversely, in La Niña years, the number of hurricanes tends
to increase, due to the decrease of vertical shear over the Atlantic. It should be noted however that this
relationship is asymmetrical and one should not assume that societies are safe from hurricanes during
El Niños [15]. For example, Pielke Jr. and Landsea [16] showed that: (a) the La Niña link was stronger
(e.g., more hurricanes and losses); and (b) even though there are fewer hurricanes during El Nino
years, one event can still incur catastrophic damage. Advances made in forewarnings about ENSO’s
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extremes provide added foreseeability to governments of El Niño- or La Niña-related teleconnected
weather anomalies and societal consequences.

Atmosphere 2018, 9, x FOR PEER REVIEW  3 of 13 

 

about ENSO’s extremes provide added foreseeability to governments of El Niño- or La Niña-related 
teleconnected weather anomalies and societal consequences.  

 
Figure 2. Relative frequency of tropical Atlantic hurricanes during (a) an El Niño and (b) a La Niña 
episode. Source: NOAA [17]. 

Better awareness and understanding of a nation’s current level of readiness in the context of El 
Niño contribute toward disaster risk reduction and toward disaster risk avoidance defined as “the 
elimination of hazards, activities and exposures…. Whereas risk management aims to control the 
damages and financial consequences of threatening events, risk avoidance seeks to avoid 
compromising events entirely” [11]. 

2. What Does It Mean to Be El Niño Ready?  

However readiness is defined, as a “state of preparedness” or as “based on a thoroughness of 
planning”, different observers would likely agree on what it means to be perfectly ready to manage 
El Niño’s impacts in an ideal circumstance. Yet, those same observers would be less likely to agree 
on what would be acceptable as less-than-perfect readiness in less-than-ideal circumstances. This lack 
of agreement would reflect the varied, real-world interests, concerns, and priorities of those various 
observers. Perceptions of what it means to be ready are influenced by existing as well as historic 
trends having to do with socio-economic systems, cultural expectations, religious beliefs, political 
structures, and other important factors, which of course vary from country to country let alone from 
people to people. 

The point is that there can be no universally agreed upon definition of what it means to be 
ready—either proactively or reactively—for an El Niño event and its various global teleconnections. 
In the same way, there is also likely no universally acceptable way to classify or measure levels of 
readiness, especially not to meet the decision-making objectives or specific needs of all nations, cities, 
socio-economic sectors, or even national meteorological and hydrological services (NMHSs). 

Interestingly, the UN’s International Strategy for Disaster Risk Reduction (ISDR) [18] glossary 
of disaster-related terms does not include a formal definition of readiness; however, its annotation 
for the definition of preparedness mentions “readiness”, suggesting that it is approached reactively 
(tactically) rather than proactively (strategically). The current UNISDR definition and accompanying 
annotation for Preparedness is as follows: 

“The knowledge and capacities developed by governments, response and recovery 
organizations, communities and individuals to effectively anticipate, respond to and 
recover from the impacts of likely, imminent or current disasters.  

Annotation: Preparedness action is carried out within the context of disaster risk 
management and aims to build the capacities needed to efficiently manage all types of 
emergencies and achieve orderly transitions from response to sustained recovery.  

Preparedness is based on a sound analysis of disaster risks and good linkages with early 
warning systems, and includes such activities as contingency planning, the stockpiling of 
equipment and supplies, the development of arrangements for coordination, evacuation 
and public information, and associated training and field exercises. These must be 

(a) (b) 

Figure 2. Relative frequency of tropical Atlantic hurricanes during (a) an El Niño and (b) a La Niña
episode. Source: NOAA [17].

Better awareness and understanding of a nation’s current level of readiness in the context of
El Niño contribute toward disaster risk reduction and toward disaster risk avoidance defined as
“the elimination of hazards, activities and exposures .... Whereas risk management aims to control the
damages and financial consequences of threatening events, risk avoidance seeks to avoid compromising
events entirely” [11].

2. What Does It Mean to Be El Niño Ready?

However readiness is defined, as a “state of preparedness” or as “based on a thoroughness of
planning”, different observers would likely agree on what it means to be perfectly ready to manage El
Niño’s impacts in an ideal circumstance. Yet, those same observers would be less likely to agree on
what would be acceptable as less-than-perfect readiness in less-than-ideal circumstances. This lack
of agreement would reflect the varied, real-world interests, concerns, and priorities of those various
observers. Perceptions of what it means to be ready are influenced by existing as well as historic
trends having to do with socio-economic systems, cultural expectations, religious beliefs, political
structures, and other important factors, which of course vary from country to country let alone from
people to people.

The point is that there can be no universally agreed upon definition of what it means to be
ready—either proactively or reactively—for an El Niño event and its various global teleconnections.
In the same way, there is also likely no universally acceptable way to classify or measure levels of
readiness, especially not to meet the decision-making objectives or specific needs of all nations, cities,
socio-economic sectors, or even national meteorological and hydrological services (NMHSs).

Interestingly, the UN’s International Strategy for Disaster Risk Reduction (ISDR) [18] glossary of
disaster-related terms does not include a formal definition of readiness; however, its annotation for the
definition of preparedness mentions “readiness”, suggesting that it is approached reactively (tactically)
rather than proactively (strategically). The current UNISDR definition and accompanying annotation
for Preparedness is as follows:

“The knowledge and capacities developed by governments, response and recovery
organizations, communities and individuals to effectively anticipate, respond to and
recover from the impacts of likely, imminent or current disasters.

Annotation: Preparedness action is carried out within the context of disaster risk
management and aims to build the capacities needed to efficiently manage all types of
emergencies and achieve orderly transitions from response to sustained recovery.

Preparedness is based on a sound analysis of disaster risks and good linkages with early
warning systems, and includes such activities as contingency planning, the stockpiling of
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equipment and supplies, the development of arrangements for coordination, evacuation and
public information, and associated training and field exercises. These must be supported by
formal institutional, legal and budgetary capacities. The related term ‘readiness’ describes
the ability to quickly and appropriately respond when required”.

Preparedness and readiness are often used interchangeably, suggesting that for all practical
purposes they are synonyms.

There are several reasons why a nation, industrialized or developing, might have difficulty
becoming fully prepared for the adverse impacts of recurring hydromet hazards, even known ones.
Some of those reasons relate directly to the scientific uncertainties that surround forecasting El Niño’s
physical components. These scientific uncertainties are not trivial inconveniences; they can have
notable influence on a nation’s readiness capabilities. Currently, for instance, forecasting the timing
of the actual onset of the next El Niño cannot yet be reliably done well enough in advance, which
is an important uncertainty to decision makers. Another uncertainty results from the combined
influences at any given time of other air–sea oscillations (Figure 3) on a specific El Niño’s impacts
and its worldwide teleconnections, e.g., the Indian Ocean Dipole [19,20] or the Pacific Decadal
Oscillation [21,22]. Such oscillations at any given time can amplify or dampen the intensities of
El Niño and of its impacts. The precise mechanisms of the interconnectedness of the oscillations remain
of interest to researchers. Breakthroughs in El Niño science continue to be hemmed by uncertainties
that make enhanced reliability of prediction challenging [5,23]. The science of El Niño is still on a
learning curve. El Niño-related surprises must be expected as had been the case for the 1982–83
“El Niño of the Century” and most recently the unanticipated “Niño Costero” off the coast of Peru and
Ecuador in early 2017 [24].
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influence the behavior of El Niño and the intensity and location of its teleconnections.

Societal uncertainties also exist. For example, there is uncertainty generated by the way El Niño
forecasts are worded and then how they are communicated as early warnings to civil society. Societal
constraints such as socio-political, psychological, cultural and economic factors can hinder achieving
desired levels of readiness. Weak events might be perceived by decision makers as of relatively little
concern, even though the societal and ecological impacts of a decaying El Niño could be major. Another
major human factor affecting readiness is that El Niño occurs every 4.5 years on average. How can or
should policy makers from nation to community prepare for a hazard that can return any time within
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2–7 years? How can the interest and DRR action of policy and other decision makers be sustained
between El Niño events?

Decision makers are under constant pressure to deal with various emerging as well as chronic
crises. They tend to shift their attention from El Niño to other concerns. Once forecasters have
announced that an El Niño’s strength has peaked, policymakers tend to shift focus and resources,
thereby discounting dire warnings of yesterday in favor of dire threats of today. However, history
shows that even a weakened El Niño well beyond its peak intensity can continue to disrupt economies,
commodity prices in the marketplace and the social order during societal coping and recovery phases.

3. Readiness as a “Fuzzy” Concept

“How important is it to be exactly right when a rough answer will do?” [25]. That question
merits attention, when discussing levels of readiness. It also raises the question, when is “enough”
information enough to make an informed decision? As René Dubos once noted, “Sometimes the more
measurable drives out the most important” (as quoted in [26]). Fuzzy Logic provides a useful approach
to concerns about precision vs. significance of information in any given situation. It “imitates the way
of decision making in humans that involves all intermediate possibilities between digital values YES
and NO” and between zero and one [27].

Fuzzy logic can be used to identify as well as communicate about levels of readiness for coping
with possible hydromet hazards and disasters. We propose that such levels can best be understood by
the general public as qualitative, verbal expressions as suggested in Figure 4. We also recognize that
a quantitative ranking may be more accurate and useful for the ranking of nations in terms of their
actual readiness in face of a foreseeable El Niño. Qualitative and quantitative expressions of readiness
are complementary.
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Related to fuzzy logic is the concept of satisficing [28]. To satisfice is to “decide on and pursue
a course of action that will satisfy the minimum requirements to achieve a goal” [29]. Glantz and
Baudoin [30] (p. 112) described satisficing as a new notion from the mid-twentieth century that has
ethical as well as economic implications:

“‘Satisficers’, those who are satisfied to meet minimal requirements to achieve their goals
through their actions, are usually viewed in opposition to ‘maximizers’, who seek the
greatest outcome possible from their actions in order to achieve their goals.... Perhaps
the notion of ‘satisfice’ has a useful role to play in disaster preparedness, response &
recovery.... In fact one could argue that the adage “Do not let the perfect become the
enemy of the good” could serve as a reminder to agencies that ‘satisficing’ is an option for
development activities”.
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Changes over time in a qualitative readiness ranking for country or community serve to remind
the public of “what is” its level of readiness. Qualitative levels could generate proactive interest in
improving that country’s or community’s overall security with the enticement offered by the prospect
of moving from “hardly ready” to a higher level. Once the people in a country or a community are so
prompted to pay attention to the hydromet risks they face, they can then be trained to “self-identify”
what to do to reduce their personal risk by striving for a higher level of readiness. They would be
encouraged to rely on their own experience, resources, expertise and ingenuity.

4. Limits to El Niño Readiness

There are, of course, limits to being El Niño ready for hydromet hazards. Awareness of limits is
important because it underscores the necessity of a shared responsibility between governments and
civil society to respond, when a hydromet hazard threatens a society.

The spate of devastating hurricanes that plagued Caribbean countries and the US in 2017 again
exposed that even industrialized societies cannot “climate proof” themselves, despite desires and
even attempts to do so [31]. However, they engage in long-range planning, often based on plausible
scenarios about the future. Given uncertainties about the future, not all plans work out as expected.
As an instructive example of such a scenario, about 250 people from US government and local to
federal agencies, under the auspices of the US Federal Emergency Management Agency (FEMA), spent
2 weeks discussing a hypothetical Hurricane Pam scenario in July 2004. It was a realistic scenario
about a fictitious US Category 3 hurricane making landfall at New Orleans [32–34]. The Hurricane
Pam exercise was, in retrospect, an appropriate, timely attempt at hydromet DRR.

After the Hurricane Pam exercise ended, FEMA issued a press release, which provided an
illustrative list of plans identified by conference attendees responding to this hypothetical scenario:
debris removal, the need for shelters, search and rescue protocols for stranded residents, plans for
support of hospitals, the relocation of refugees from inundated coastal areas, and so forth [35]. FEMA’s
regional director noted, “We made great progress in our preparedness efforts”.

Thirteen months later, the usefulness of the hypothetical Hurricane Pam activity was tested,
when in late August 2005 Katrina, a Category 3 hurricane, made landfall along the US Gulf Coast and
headed inland. In fact, a near-perfect forecast had been issued by NOAA about 44 hours in advance
of Katrina’s landfall. Hurricane Pam was a realistic “perfect-scenario” of an extreme event that was
foreseeable. Despite the best planning efforts, however, when Hurricane Katrina made landfall, death,
destruction and misery followed. One of the many take-away lessons from Pam is that scenarios are
excellent learning devices but are relatively limited as guides to action [33].

Another limit is an El Niño surprise. Between 2014 and 2016, the quasi-periodic El Niño-Southern
Oscillation (ENSO) cycle has been accompanied by several surprises with respect to El Niño knowledge
which had been considered fairly reliable. For example, in 2014, the ocean warmed to El Niño levels
BUT the atmosphere did not react to that warming, hence no El Niño occurred in 2014; the forecast
for that El Niño had been given a probability of occurrence at the 90% level. It did not happen [5].
An unusual unexpected warm water (i.e., “the Blob”) off the NW coast of the US had not been
witnessed before, causing unusual impacts that disrupted the otherwise expectable impacts during
the onset and growth phases of the 2015 El Niño [36]. For example, Jacox et al. [37] found that
“the Blob” overshadowed El Nino’s influence in California resulting in a weaker teleconnection on
marine fisheries. However, given our knowledge of the ENSO phenomenon, which has been gathered
over more than a century, why are researchers still being surprised by El Niño’s behavior? The reality
is there is a lot about the science and impacts that researchers have yet to discover.

“The 1982–83 El Niño, by many measures the strongest thus far this century, was not predicted
and not even recognized by scientists during its early stages” [38]. Fifteen years later, the 1997–98
El Niño, also not predicted well in advance [23], was accompanied by several surprises: it was not
forecast several months in advance, it emerged faster than expected, and it decayed more rapidly than
expected. Researchers suggested that no two El Niño events are alike in their characteristics, or their
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consequences for ecosystems and societies. Then came the difficult to quantify notion of “flavors of El
Niño”. Most recently, Capotondi et al. [39] referred to El Nino “diversity” in order to understand the
different types of ENSO.

The truth of the matter is that each El Niño has been accompanied by surprises: surprising in its
timing, behavior, in its characteristics such as intensity or duration or in its societal and environmental
consequences. The positive aspect of surprises, however, has shown that they are usually followed by
research to improve scientific and societal understanding of the phenomenon.

5. Who Has to Be Ready, by When, and to What Degree?

A nation is expected to protect its citizens from harm, and that harm includes naturally occurring
climate, water and weather-related hazards. In the real world, many governments do not have
the resources necessary to protect everyone within their borders. They do, however, have a moral
obligation to warn everyone of impending hazards. Even with a perfect forecast, it can be difficult
to warn in a timely way all people and communities at-risk. The problem is that a forecast cannot be
judged as having been reliable until an event occurs. El Niño forecasts as early warnings for hydromet
hazards are not perfect, but they can provide governments with some months of lead time to prepare
for foreseeable impacts (see Figure 5 for a map of teleconnections).

Atmosphere 2018, 9, x FOR PEER REVIEW  7 of 13 

 

The truth of the matter is that each El Niño has been accompanied by surprises: surprising in its 
timing, behavior, in its characteristics such as intensity or duration or in its societal and 
environmental consequences. The positive aspect of surprises, however, has shown that they are 
usually followed by research to improve scientific and societal understanding of the phenomenon. 

5. Who Has to be Ready, by When, and to What Degree? 

A nation is expected to protect its citizens from harm, and that harm includes naturally occurring 
climate, water and weather-related hazards. In the real world, many governments do not have the 
resources necessary to protect everyone within their borders. They do, however, have a moral 
obligation to warn everyone of impending hazards. Even with a perfect forecast, it can be difficult to 
warn in a timely way all people and communities at-risk. The problem is that a forecast cannot be 
judged as having been reliable until an event occurs. El Niño forecasts as early warnings for hydromet 
hazards are not perfect, but they can provide governments with some months of lead time to prepare 
for foreseeable impacts (see Figure 5 for a map of teleconnections). 

 
Figure 5. El Niño and Rainfall. El Niño conditions in the tropical Pacific are known to shift rainfall 
patterns in many different parts of the world. Although they vary somewhat from one El Niño to the 
next, the strongest shifts remain fairly consistent in the regions and seasons shown on the map above. 
Source: IRI [40]. 

Whenever a major international forecasting center such as NOAA in the USA, the Hadley Center 
in the UK, or the Japan Meteorological Agency (JMA) issues an El Niño forecast, other national and 
regional centers also issue forecasts to their societies. Ideally, an NMHS director first informs political 
authorities that an El Niño is likely, warning them about teleconnected impacts in their country. 
Government agencies for their part make decisions on whether or how to respond to hydromet 
impacts within their administrative jurisdictions. This initial El Niño forecast has the potential to 
spark a cascade of societal responses and of forecasts about possible socio-economic impacts.  

Following the initial onset forecast, which is in essence an early warning of potential extreme 
impacts in a country, other official forecasts are released to the public as the event progresses: a 
forecast of El Niño’s intensity, another when El Niño locks-in (i.e., the point after which the El Niño 
can be expected to continue), and yet another of its potential regional impacts worldwide. As the 
lifecycle of the event progresses, the next important forecast relates to the belief that the El Niño has 
peaked and months later a forecast noting that the anomalous tropical sea surface temperatures have 

Figure 5. El Niño and Rainfall. El Niño conditions in the tropical Pacific are known to shift rainfall
patterns in many different parts of the world. Although they vary somewhat from one El Niño to the
next, the strongest shifts remain fairly consistent in the regions and seasons shown on the map above.
Source: IRI [40].

Whenever a major international forecasting center such as NOAA in the USA, the Hadley Center
in the UK, or the Japan Meteorological Agency (JMA) issues an El Niño forecast, other national
and regional centers also issue forecasts to their societies. Ideally, an NMHS director first informs
political authorities that an El Niño is likely, warning them about teleconnected impacts in their country.
Government agencies for their part make decisions on whether or how to respond to hydromet impacts
within their administrative jurisdictions. This initial El Niño forecast has the potential to spark a
cascade of societal responses and of forecasts about possible socio-economic impacts.

Following the initial onset forecast, which is in essence an early warning of potential extreme
impacts in a country, other official forecasts are released to the public as the event progresses: a forecast
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of El Niño’s intensity, another when El Niño locks-in (i.e., the point after which the El Niño can be
expected to continue), and yet another of its potential regional impacts worldwide. As the lifecycle
of the event progresses, the next important forecast relates to the belief that the El Niño has peaked
and months later a forecast noting that the anomalous tropical sea surface temperatures have return to
average. Even though the physical event has ended, its teleconnected socio-economic impacts on an
economy can last for some years.

Each of these forecasts serves to alert various decision makers from local to national about
potential adverse impacts on different climate-sensitive socio-economic sectors. However, each forecast
is surrounded by its own degree of uncertainty which can affect how they choose to utilize the forecast
information. For example, in 2015 L’Heureux [6] noted “Clearly, the model forecasts made during the
Northern Hemisphere spring of 2014 (March, April, May) were not as skillful as the rest of the year”.

What must be understood is that, even in a perfect world with a perfect forecast, potentially
affected groups will not respond at the same time or in the same way, when first informed about
an El Niño forming in the tropical Pacific. Some affected groups may not respond at all, even when
the forecasted regional consequences of an event begin to appear. Before other groups take El Niño
seriously, they may still wait for successive early warning updates for follow-ups that provide more
detail on the expected intensity or spatial scale of the event. Figure 6 is El Niño’s life cycle, which
presents a generalized view of the various stages of strong and very strong events from 1950 to
2016. The timing of the stages is only illustrative and do not represent the timing of all such events,
e.g., El Niño Costero’s occurrence in the early months of 2017 was a surprise to the El Niño forecast
community [24].
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Anomaly). The reference is a “multiple centered period” that is updated for successive five-year
periods. Strong events from 1950 to 2016 are highlighted. Data source: NOAA [41].

A government could benefit from establishing a standing committee for El Niño (even more so,
for ENSO). It could be composed of representatives from El Niño-concerned government agencies,
institutes, and groups drawn from society at large. Some governments already do this, like In the
Philippines, its Civil Defense; military; ministries of Agriculture, of Water, of Public Safety; and
various NGOs collaborate on the various problems that can be influenced by an El Niño event [42,43].
Another government example is Peru; its Civil Defense and the Navy along with Peru’s NMHS, ocean
and geophysical institutes, and ministry of health respond to various hydromet disasters, including
those associated with El Niño. In other words, a societal group, agency or institute—aside from a
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traditional (20th century) NMHS—must have the responsibility to continue thinking about, preparing
for, and responding to an El Niño’s negative and even positive impacts, as the event evolves into a
neutral phase.

A new generation of non-traditional NMHSs is emerging according to various and new initiatives
to modernize NMHSs worldwide [44–46]. This would require that they need to actively engage to a
greater extent in a broader range of societal activities and have more involvement in hazard response,
by, for example, working directly with emergency managers about understanding how to use the
forecast. The new type of NMHS could establish working relationships with forecast recipients to
assure that the information the former provides is better understood. To be such a multidisciplinary
focal point, however, would require political and financial support from the national government to
enable its traditional NMHS to effectively “refunction” in order to become the more broadly defined
21st century NMHS envisioned here.

6. Societal Responses: Strategic and Tactical

Governments, communities, groups and individuals can choose to respond strategically
(long-term) or tactically (short-term) to El Niño (see Figure 7). At the minimum, they need timely,
credible and reliable forecasts based on experience, foresight and an appropriate level of sustained
funding. Such foresight provided by researchers and forecasters is a necessary condition for DRR, but
is not sufficient by itself. To be sure, truly adequate preparation for coping with hazards is necessary
and will come with financial costs that a society will have to bear.
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To prepare for an El Niño adequately and effectively requires long-term (strategic) thinking that is
often well-beyond any individual policymaker’s tenure in office. Strategic thinking about El Niño DRR
will be a precursor for goals of planning for sustainable development and for post-disaster response
and recovery (drr, with lower-case letters). Therefore, DRR and drr activities must be undertaken with
the prospects of longer-term, sustainable development in mind.

Reasons for governments to delay or to shelve their El Niño-related strategic responses may be the
scientific uncertainty that continues to surround ENSO or may be because the impacts of the previous
event were perceived as not major. Still other governments might lack the funds to engage in DRR
activities and have to deal with El Niños as separate episodes. They do not have the resources to deal
with future ones. Basically, a government’s “willingness” to pursue strategic as opposed to tactical
planning may exist but the necessary funding is not available. It is important to note that governments
that have developed strategic DRR plans for El Niño may choose to wait for a first reliable forecast of
its onset before energizing preparation for its potential impacts.



Atmosphere 2018, 9, 94 10 of 13

As noted earlier, El Niño characteristics as well as forecasting them entail enough scientific
uncertainty to enable decision makers to opt for tactical over strategic responses. For example,
El Niño’s intensities can range from weak to very strong. A government might wait to see if a strong
El Niño actually develops. Forecasting El Niño is still not perfect. Its history shows that several onset
forecasts were inaccurate (i.e., 1974, 1990, 1997, and 2014) while others failed to capture in a timely
way events that did occur (i.e., 1982–83). Similar issues relate as well to the intensity of the impacts of
the regional teleconnections.

Speculating aloud, the relatively short history of scientific monitoring of El Niño [48] hints that
very strong basin-wide events might recur on the order of every 10–20 years (i.e., suggested by
differences in the number of years between onsets of major events during 1957–58, 1972–73, 1982–83,
1997–98 and 2015–16), and may suggest to policymakers that there is little need to direct resources to a
problem that will likely not appear for many years after the last major event. Less intense El Niños can
be handled in the normal scheme of coping with seasonal anomalies. For example, a weak borderline
event may show little difference when compared to the societal consequences of an increasingly
warmer neutral phase as it transitions toward the El Niño phase.

Given the availability of funding, expertise and a government’s inclination, El Niño readiness
levels can be “self-identified”, in qualitative terms, by a country’s various administrative jurisdictions.
One thing sub-national jurisdictions have in common is their reliance, if not complete dependence,
on early warnings and the country’s NMHS forecasts. The activities of an NMHS must be understood
as being essential for an effective pursuit of readiness at any administrative level.

7. Using El Niño History and Science for Readiness Decision Making

It is now an accepted scientific fact that El Niño has been linked to foreseeable direct and indirect
hydromet anomalies worldwide. At a bare minimum, decision makers need to know about the history
of El Niño as it relates to their specific country. In this regard, El Niño history, like forecasts, provides a
“heads up” to decision makers about hazards and possible disasters. Receiving an El Niño forecast
causes decision makers in their respective administrative jurisdictions to deal with whether, and if so
how, to take into account impacts of and responses to previous events. Societies—their researchers
and their leaders, especially—tend to have in the front of their minds the impacts of the last major El
Niño. For example, in 1982–83, researchers looked back to the 1972–73 event; in 1997–98, they looked
back to the 1982–83 event; and, in the 2015–16 event, a new generation of researchers looked back to
1997–98 for insights on what teleconnected hydromet hazards they might reasonably expect and what
responses they might have to pursue [5].

The recent 2015–16 El Niño highlighted the confusion about which previous El Niño event to rely
on as an analogue. Media and scientists tended to favor the last major event, 1997–98. Preparing for
and coping with the consequences of only the 1997–98-like event, however, does not provide accurate
information about the range of potential impacts that a country might face. Therefore, previous events,
not just the most recent memorable one, must be taken into account to provide a clearer picture of
what to expect. For example, during the 1997–98 event, it was anticipated that drought would affect
the south central Andes based on the 1972–73 and 1982–83 events; however, drought did not come [49].
Using El Niño history requires care to capture at least a glimpse of foreseeable impacts of future events.

No two El Niños have played out exactly alike. The same can be said of their impacts. However,
a specific event and its potential impacts (e.g., a drought, flood, disease outbreak, etc.) are foreseeable
for several geographic locations. Social change must also be considered when a previous El Niño is
being used for comparative purposes, as societies are constantly changing in ways that can make them
either more or less vulnerable or resilient in the face of future hydromet hazards.

A contribution to the DRR and El Niño research and application communities would be to develop
guidelines about how best to use existing El Niño knowledge for enhancing DRR, drr and CCA (climate
change adaptation). These guidelines would identify “best practices for the use of El Niño history” in
both strategic and tactical decision making.
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“History does not repeat, but it does instruct.... History can familiarize, and it can warn”.
Timothy Snyder, On Tyranny [50] (prologue)

8. Concluding Thoughts

The authors set out to explore the concept of readiness in the context of El Niño. The concept is
often discussed in qualitative terms and can be seen as “shades of readiness”, such as hardly ready,
somewhat ready, almost ready, and absolutely ready. They are on a continuum anchored by extremes
of not-at-all ready and perfectly prepared. Shades of readiness could be useful to both providers
and end users of hydro-meteorological products. Readiness is a fuzzy concept, similar to others
commonly used by the DRR community (e.g., vulnerability, resilience, mitigation, adaptation and
sustainability). Readiness plans at the national level may not be directly down scalable to lower-level
political jurisdictions and local communities within them.

Clearly, uncertainty continues to surround various aspects of the ENSO cycle. It also surrounds
the characteristics of the El Niño phenomenon itself. However, we can still identify ways that decision
makers can add value to their deliberations about coping with El Niño’s hydromet teleconnections by
using what we already know and what we know that we do not know.

Early warnings are an integral part of readiness. Central to national and community readiness
is a country’s NMHS, which is responsible for the collection of relevant data, for producing and
disseminating forecasts, and for informing the government, the media and civil society about hydromet
hazards. Today’s NMHS is no longer the traditional NMHS of previous decades. It has been given
new responsibilities, while still expected to perform its older ones. Many organizations at one time or
another internally re-structure. They do not often re-function. NMHSs are in the process of informally
“re-functioning” but also required is re-budgeting to account for their new activities such as interacting
with civil society. Re-function enables them to take full advantage of the opportunities provided by
their expanded responsibility.
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