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Abstract This preliminary study examines the definition
problem and challenges of climate forecasting and disaster
responses associated with the El Nifio costero (coastal) of
2017, which developed rapidly with no warning and had
catastrophic effects in Peru. Such a localized El Nifio was
not documented since 1925. An initial review suggests that
in addition to the characteristics of the event (surprise),
government responses may have been inadequate (as media
reported) because of conflicting forecast reports (U.S. and
Peru), which provoked a hydrometeorological debate and
stifled decision making. Partly to blame was the El Nifio
definition problem, which can cause uncertainty and affect
perception of risk, depending on which region of the
equatorial Pacific one uses to identify an event. Responses
were further complicated by the fact that some regions
within Peru were experiencing drought prior to the El Nifio
costero’s onset and impacts from the El Nifio 2015-2016
were less than expected. Furthermore, a new government
was in place, which may have hindered action. Thus, El
Niflo costero provides lessons to heed, not only with
respect to the forecast information, but also with reference
to the context of the forecast and disaster setting, which can
influence disaster responses to hydrometeorological
threats.
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This study is a preliminary examination of the impacts and
societal responses associated with the recent El Nifio cos-
tero (coastal), which came as a surprise to the scientific
community, governments, and populations in northwest
South America in terms of its rapid development and
localized impacts. Our research builds on previous El
Nifio-related work in the region (Ramirez et al. 2013;
Ramirez and Grady 2016) and is part of a broader project
that seeks to understand the strengths of and challenges to
government responses to hydrometeorological threats in an
El Nifio-sensitive region.! The goal is to identify lessons
for disaster risk reduction (DRR) and long-term develop-
ment planning that can be used to build societal resilience
and thus increase El Nifio readiness at national and sub-
national-levels. In this short article, we highlight the El
Nifio definition problem and challenges of climate fore-
casting and disaster responses, which can cause debate and
hinder preventive actions, thereby reducing capacities to
cope and respond to hydrometeorological threats.

The northwestern region of South America is a climate-
sensitive area, prone to quasi-periodic hydrometeorological
anomalies associated with El Nifio, the warm extreme of El
Nifio-Southern Oscillation (ENSO). The El Nifio costero
that developed in mid-January and subsided by May 2017
differs from the El Nifio basin-wide phenomenon because
it was spatially confined along the coasts of Peru and
Ecuador (Takahashi 2017), as opposed to the El Nifio-re-
lated expansion of warm waters coming from the western

! http://elninoreadynations.com/.
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and central equatorial Pacific. Preliminary scientific liter-
ature in Peru suggests El Nifio costero is not a new type,
but rather it is a different kind of EI Nifio such as the one
documented in 1925 (Takahashi and Martinez 2017),
which Peruvians remember as a disastrous event of great
magnitude on their northern coast (Murphy 1926; Cordova
Aguilar 1996). El Nifio costero’s evolution and impacts are
still under investigation. Regardless of how the coastal El
Nifio differs from the basin-wide El Nifio, the impacts of
the 2017 El Nifo costero on ecosystems and societies in
Peru were significant and similar with other extraordinary
El Nifios, such as the 1982—-1983 and 1997-1998 episodes,
both of which were considered the strongest events of the
twentieth century.

Preliminary governmental assessments of the El Nifio
costero damages documented the devastation experienced
by Peruvians in terms of loss of lives and infrastructure
across the country. Economic losses due to El Nifio-related
torrential rains were estimated at USD 3.1 billion, as of 28
March 2017 (Leon and Kraul 2017). The number of people
affected was close to 1.1 million, as of 12 May 2017
(INDECI 2017). El Nifno’s effects were distributed
unevenly across Peru’s geographic regions and the most
severe impacts (based on percentage of people affected in
Peru) were reported in cities in the northern coastal
departments of Piura (32%), Lambayeque (16%), and La
Libertad (5%), as well as in the central coastal department,
Lima (5%), where the capital is located (PAHO 2017). Of
the population impacted, approximately 284,790 children
(24%) were affected, including 90 deaths (UNICEF 2017).
An array of infectious disease epidemics also have been
reported, including dengue, chikungunya, zika, and lep-
tospirosis, which indicates an increase in incidence in 2017
compared to the previous year (PAHO 2017).

El Nifio researchers in the Americas, including those in
the United States and Peru, did not see the coastal event
developing despite a basin-wide monitoring system across
the Pacific. Thus, government agencies, socioeconomic
sectors, public health officials, and citizens alike were not
forewarned of its potential climate and environmental-re-
lated hazards, which include droughts, floods, flash floods,
landslides, and fires, as well as storm surges, and sea-level
changes. So why did the monitoring system not identify the
threat?

One potential reason is the inherent problem of the El
Niflo definition that is widely used and critical for the
ENSO Alert system of the National Oceanic and Atmo-
spheric Administration (NOAA 2017a). The development
of the ENSO cycle is closely monitored in a system
(NOAA'’s Climate Prediction Centerz) that allows scientists

2 http://www.cpc.ncep.noaa.gov/products/precip/CWlink/MJO/enso.
shtml.
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to observe environmental changes across the Pacific and
issue watches and warnings if an El Nifio or La Nifia
emerges (NOAA 2017c). According to this ENSO Alert
system, El Nifios and La Nifas are positive and negative
sea surface temperature (SST) anomalies, respectively, that
exceed a £ 0.5 °C threshold for five consecutive 3-month
periods. The region of focus is the central and eastern
equatorial Pacific known as Nifio 3.4.° This region is the
basis of the Oceanic Nifio Index (ONI) that guides the alert
system by using SST along with other climate parameters,
such as winds, outgoing long wave radiation, and atmo-
spheric pressure changes (the Southern Oscillation Index).

Although the Nifio 3.4 region is important for prediction
and monitoring, particularly for basin-wide El Niflos, it is
not always the best area for observing other varieties of El
Nifio that develop or the ecological impacts that may
concentrate along the coasts of northern Peru and southern
Ecuador. For example, according to the ONI index, the
ocean—atmosphere conditions during the costero period
were in transition from La Nifia (5-months, August—De-
cember 2016) to ENSO’s neutral phase. Hence, NOAA’s
ENSO Diagnostic discussion reports did not acknowledge
the El Nifo phenomenon that was rapidly evolving along
the Peruvian and Ecuadorian coasts, although there is
mention of an SST anomaly of 1.5 °C in the Nifio 1 4 2
region in the February report (NOAA 2017b).

Given the geographic proximity of the equatorial and
coastal upwelling regions to Peru’s coast, and its environ-
mental and economic relevance (for example, fisheries),
Peruvians also monitor SST conditions in the Nifio 1 + 2
region and have developed their own index called the
“Indice Costero El Nifio” (Coastal El Nifio Index, ICEN)
based on Nifio 1 + 2 SST (Takahashi et al. 2014). The
ICEN index defines warm and cold events on an asym-
metric scale that adjusts for threshold differences estimated
for El Nifios and La Nifias. For example, El Nifios are
categorized as SST anomalies > 0.4 °C for three consec-
utive months; La Nifias are categorized as anomalies < -
1.0 °C for three consecutive months. The ICEN Index also
provides criteria for qualifying the strength of an extreme
phase along a spectrum from weak to strong. Although the
ICEN index was able to capture the El Nifio costero period,
the index neither accurately characterized its true magni-
tude (that is, the ICEN index qualified the event as weak
compared to strong anomalies monitored closer to the
coast) nor identified the El Nifio costero soon enough to
allow lead time for an early warning. Late recognition
could be due to a definition problem, one that is inadequate
to recognize the coastal type event, or perhaps El Niflo
costero was simply a climate surprise.

3 https://www.ncdc.noaa.gov/teleconnections/enso/indicators/sst.php.
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Complicating the monitoring and definition situation
further is the fact that many countries, including Peru and
Ecuador, rely on the NOAA ENSO alert system and fore-
cast models that estimate the probability of El Nifio
occurrence. The system produces monthly ENSO discus-
sions, which are linked to other organization discussions
(for example, World Meteorological Organization), which
are posted online and circulated worldwide. They provide
an important climate service, but may also be a source of
confusion when events other than basin-wide El Nifios
emerge. For Peru and neighboring Andean countries, the
NOAA reports provide critical information that regional
scientists compare (that is, Nifio 3.4 region vs. Nifio 1 + 2
region) using their own expert judgement to assess the
forecast summaries. According to Peru’s Multisectoral
Committee for the Study of El Nifio (ENFEN 2016),
forecasts as of 9 December 2016 for both regions predicted
that SST conditions were strongly leaning towards ENSO-
neutral until the end of southern hemisphere summer
(northern hemisphere winter), although ENFEN also noted
that along the Peruvian coast SSTs were subtly above
average, but within neutral range. By 16 January 2017, the
Eastern Pacific assessment (Nifio 1 + 2) indicated a 30%
chance that a weak El Nifio would develop, but chances of
ENSO-neutral were even greater, 66%, which informed the
forecasters’ consensus that ENSO-neutral was most
appropriate, despite noting persistent coastal SST anoma-
lies (ENFEN 2017a). In terms of NOAA, it was not until 9
February 2017, now in the midst of an evolving El Nifio
costero that forecasters reported anomalous conditions in
the far eastern Pacific (IRI 2017a; NOAA 2017b), albeit,
while also reporting that ENSO-neutral would continue
through northern hemisphere spring (60%), and predicting
an El Nifio for the northern hemisphere fall (50%). By
March, the International Research Institute for Climate and
Society (IRI 2017b) reported a coastal El Nifio in Peru and
Ecuador, although the conclusion, like the previous
month’s discussion, was that ENSO-neutral was present in
the Nifio 3.4 region and would persist through May.

On 24 January and 2 February, ENFEN (2017b, 2017c)
issued an EI Nifio costero watch based on SST observations
using the ICEN index, coastal conditions (rapid increase of
SST), including biological responses (decreased primary
productivity) and inland conditions (intense rains, above
average river levels). It was only a few days later (6
February) that news reports® would highlight loss of life
(25 dead), property (15 buildings), infrastructure (14
bridges and 42 km of road), and population affected
(72,000), due to intense rains in northern Peru. Also

4 https://www.youtube.com/watch?v=iOOM3IHPIPs.

reported was the lack of preparedness by the government to
address such rain-related disasters; critiques that were
echoed by media outlets in regards to responses before (no
preparations) and after the first rains (Collyns and Watts
2017), including not providing enough resources to regions
affected most (Sarmiento 2017). The event exposed Peru’s
social vulnerabilities and the ineffectiveness of short-term
responses, such as maintenance fixes of drainages and
canals, versus long-term planning, for example in urban-
ization policy (McRae 2017).

Although the definition problem sets the stage for a
hydrometeorological debate and uncertainty, which
includes how to interpret the various sources of El Niflo
information to determine if an El Nifio is happening, it is
also part and parcel of a broader challenge associated with
climate forecasting and disaster responses. As Glantz has
noted, there are a number of factors that influence the
responses of governments and other stakeholders including
perception of risk, “the credibility of forecasters,” “the
ability of a government to engage in disaster prepared-
ness,” and “the ability of a government to communicate to
its citizens the risk involved” (1994, p. 7). A preliminary
assessment of the El Nifio costero suggests that perception
of risk could have been muddled, given conflicting fore-
casts, including those from the traditionally reliable inter-
national sources. The country was also experiencing severe
drought and, therefore, rains were particularly welcomed
by anxious farmers (Collyns and Watts 2017). This factor
suggests that risk is relative or even viewed in light of other
risks as a tradeoff. Perceived risk (and subsequent inaction
or inadequate government disaster responses) may have
been influenced by the fact that impacts from the
2015-2016 El Nifio turned out to be less than expected and
feared in Peru, which in turn may also have diminished the
credibility of subsequent climate information. Also a rel-
atively new government was in office. Just six months in
power, the young administration was still getting organized
at different decision-making levels, and thus its ability to
act quickly and decisively may have been limited. Taken
together with the major characteristic of the event—sur-
prise—these factors may have contributed to a context of
compounding uncertainty, which stifled national responses
and hindered decision making and adequate action. The
case of the El Nifio costero should be viewed as a lesson for
governments and forecasters to heed attention to not only
the climate information generated by forecasts, but also the
context of the forecast and disaster setting, which is equally
important and can influence societal responses to
hydrometeorological threats. It is important for disaster
preparedness to realize that rarely seen climate surprises
have a probability of occurrence, although their infrequent
appearance means that they are seldom if ever given seri-
ous consideration.
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