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Abstract

This study examines the multifaceted impacts and responses to the El Nifio Costero 2017 in Peru, emphasizing the event's
socio-economic, environmental, and infrastructural repercussions. Utilizing a comprehensive analysis approach, the re-
search delves into the effectiveness of disaster management strategies implemented and their outcomes on community
resilience. Key findings highlight the critical areas of vulnerability and the adaptive measures adopted, offering insights
for enhancing future disaster preparedness and response mechanisms.

Keywords: El Nifio Costero, Disaster Management, Community Resilience, Peru, Climate Impact Analysis

1 Introduction

Peru is experiencing a pivotal transformation, with projections indicating that by 2025, urban populations will constitute
82% of the national total. In a context where cities are capital concentration hubs, we face significant challenges in eco-
nomic, environmental, political, and cultural spheres. However, at the metropolitan level, there's a notable lack of me-
dium and long-term planning strategies, resulting in millions of families living in highly vulnerable areas. This situation is
worsened by the progressive privatization of public spaces and increasing ecological degradation. According to Cubas
(2021), the reduction of green spaces in recent decades is a direct consequence of urban development, both planned and
unplanned, leading to significant economic, social, and environmental impacts.

Geographically positioned in a strategic location, Peru is significantly impacted by coastal climatic phenomena due to the
warming of the Eastern Equatorial Pacific waters. These events, unpredictable and periodic, signify the warm phase of
the Equatorial Pacific climate cycle (Ropelewski & Halpert, 1987). Atmospheric pressure variations alter cloud distribution
over the Americas, affecting marine ecosystems. The El Nifio Southern Oscillation (ENSO) embodies these changes, with
El Nifio and La Nifia phases influencing global and regional climates (Figure 1), notably in Peru (Wang et al., 2012; Bjerknes,
1966, 1969).
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Fig. 1 Sea Surface Temperature Anomalies During ENSO Events. Source: Santoso et al., 2017.

In the past decades, the impact of ENSO phenomena on Peru's rainfall has been the focus of extensive research. Studies
by Waylen and Caviedes (1986), Ropelewski and Halpert (1987), and Aceituno (1988) identified rainfall anomalies in
southern/northern Peru, suggesting droughts/floods due to La Nifia/El Nifio events. These findings are confirmed by more
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recent studies by Torres-Batllé and Marti-Cardona (2020) and Canedo-Rosso et al. (2021), highlighting ENSQO's key role in
regional climate dynamics.

Piura, situated in northern Peru within the Piura River Basin, has an estimated population of 1.9 million as of 2017, per
INEI. The area is prone to extreme weather events, influenced by oceanic and atmospheric anomalies in the Equatorial
Pacific, known to trigger El Nifio and La Nifia phenomena (SENAMHI, 2004). The hydrological regime is marked by irregu-
larity, with a significant rainy season and notable rainfall during El Nifio events every five years, leading to unusual sum-
mer rains (L'Heureux et al., 2017).

El Nifio events impacting Piura over the last century occurred in specific years, with 2017's Coastal El Nifio showing unu-
sual rainfall patterns. This year's precipitation, documented by Takahashi and Martinez (2017), contrasted with past
events, highlighting the variability and intensity of these phenomena. The figure 3 representation of rainfall showcases
the differences in precipitation levels, corroborating earlier studies by Waylen and Caviedes (1986) and Ropelewski and
Halpert (1987) on the complex effects of El Nifio on regional hydrology.
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Fig. 2 Sea Surface Temperature Anomalies During ENSO Events. Source of data SENAMHI.

The Coastal El Nifio event of 2017 was atypical due to its rapid onset and the severity of its impacts, which were high-
lighted by a marked peak in precipitation during March 2017 (see Figure 2). Unlike conventional El Nifio phenomena,
which are linked to atmospheric pressure changes across the entire equatorial Pacific, this particular occurrence of the
Coastal El Nifio was distinguished by the localized warming of sea surface temperatures along the Peruvian coast (refer
to Figure 4). This condition precipitated localized and severe convection and precipitation events (illustrated in Figure 3),
as detailed in the studies by Ramirez et al. (2017), Rodriguez-Morata (2017), and in the reports issued by ENFEN (2017).

sroow 500w 00w soro0w 500w 000w 00w oW 00w

[ NINO COSTERO

o0




56
57

58

59

60
61
62
63
64
65

66
67
68
69
70

71
72
73
74

75
76
71
78
79
80

81
82
83
84

85
86
87
88
89

90
91
92

Fig. 3 Comparative Analysis of Precipitation Anomalies in Peru during January to March for El Nifio Coastal Events: 1983, 1998, and
2017. Source SENAMHI.
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Fig. 4 El Nifio-Induced Sea Surface Temperature Anomalies in the Equatorial Pacific Region, 2017. Source ENFEM

The 2017 Coastal El Nifio phenomenon marked a significant departure from typical El Nifio patterns, characterized by its
localized nature and rapid escalation. Sea surface temperature (SST) anomaly maps for the event delineate a pronounced
warming in the 1+2 region off the coasts of northern Peru and Ecuador. Notably, this warming correlates with severe
climatic disturbances recorded in the Piura department, situated within this anomalous zone. The deep red hues on the
map denote SSTs substantially exceeding historical norms, implicating these deviations in the extraordinary weather ep-
isodes during the period.

The uniqueness of the Coastal El Nifo lies in its confined geographical influence and swift onset, distinguishing it from
the broader, global El Nifio events. The 2017 episode's impact was particularly acute, with the SST anomaly map (Figure
4) serving as a testament to the extreme climatic conditions that unfolded. The interplay between the anomalously warm
waters and atmospheric dynamics over the region is posited as a critical driver of the extreme precipitation and subse-
quent flooding that besieged Piura and its environs in early 2017.

This event underscores the need for a nuanced understanding of ENSO variations, as localized manifestations like the
Coastal El Nifio can precipitate significant environmental and socio-economic consequences. The SST anomalies not only
reflect a climatic irregularity but also serve as a precursor to the heightened vigilance required for future events that may
follow a similar, atypical progression.

In 2017, the Coastal El Nifio phenomenon was marked by an intense warming of sea surface temperatures in the 1+2
region off the northern coasts of Peru and Ecuador, as evidenced by the notable red hues in the anomaly maps (Figure
3). These elevated temperatures correlated with the severe weather impacts experienced in Piura, such as intense rainfall
and flooding. The unique precipitation patterns of that year were not only above historical averages but also varied sig-
nificantly across different months and regions, emphasizing the importance of local ENSO dynamics (Sulca et al., 2017;
Gonzales and Ingol, 2021; Jonaitis et al., 2021).

This variability and its impact on Peru are visually captured in the anomaly maps for January to March across the years
1983, 1998, and 2017 (Figure 3). The maps demonstrate the pronounced effects of El Nifio events, with the northern
regions, especially Piura, showing significant positive anomalies in contrast to the negative anomalies suggesting drought
in the southern and central regions.

Historically, Northern Peru has been prone to flooding during extreme El Nifio events, as seen in the years 1925-1926,
1972-1973, 1982-1983,1997-1998, and 2015-2016 (L'Heurex et al., 2017; J. Sanabria et al., 2018). Post-event assessments
have documented substantial riverbed expansion in the Piura River, leading to notable agricultural land erosion (GTZ-
CTAR, 1999). Such events also exacerbate sediment transport (Morera et al., 2017), further emphasizing the need for
comprehensive disaster management and preparation for future extreme climate events.

Following this trajectory, studies by Tapley and Waylen (1990), Vos et al. (1999), and Lagos et al. (2008), as well as more
recent investigations by Lavado et al. (2012), Lavado and Espinoza (2014), Bourrel et al. (2015), Rau et al. (2017), and
Sanabria et al. (2017), have all reported positive anomalies in rainfall (Figure 3) and river flows (Figure 5). These findings
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indicate that the effects of ENSO events vary significantly across different regions of Peru, distinctly influencing precipi-
tation patterns.
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Fig. 5 River Runoff Levels During El Nifio Events: A Comparison with Historical Averages. Source ANA - SENAMHI

The Coastal El Nifio of 2017 was a localized event linked to the atypical warming of the Equatorial Pacific Sea in the El
Niflo 1+2 region, influenced by meteorological conditions such as rainfall, humidity, and winds along the coast of Peru,
which led to the blocking of the trade winds (Takahashi and Martinez, 2017; Takahashi, 2017; CPC, 2018; ENFEN, 2017;
ENFEN, 2020). This rapid warming of the sea did not exhibit the same physical mechanisms as typical El Nifio events,
which are related to Kelvin waves, making its prediction challenging and its development swift (Takahashi and Martinez,
2017; Takahashi, 2017). In this context, the study by Aguirre et al. (2019) emphasizes the effectiveness of preparedness
and response actions based on forecasts and real-time monitoring. This approach allowed for a more rapid and efficient
response to extreme weather conditions, minimizing impacts on vulnerable communities. The 2017 experience under-
scores the need for policies and practices that integrate up-to-date scientific and technological data to improve disaster
risk management, a critical aspect for urban and regional planning in areas prone to extreme events like the Coastal El
Nifo.

This article explores the distinct challenges posed by the 2017 Coastal El Nifio and aims to bolster the resilience of Peru-
vian communities in the face of future extreme climatic events. It underscores the significance of applying learned les-
sons, notably those recommended by Aguirre et al. (2019), for effective and inclusive disaster management planning. The
research combines primary data from interviews with affected stakeholders and secondary data from academic and gov-
ernmental sources to offer a comprehensive perspective on the event's diverse impacts.

The article advocates for a proactive stance, examining the effectiveness of strategies, policies, and practices that miti-
gated vulnerability to the Coastal El Nifio. It assesses community resilience by looking at how local populations adapted
to and adopted preventive measures in the wake of extreme weather occurrences.

In conclusion, the investigation presents targeted recommendations to enhance disaster preparedness and response,
drawing from historical insights and local experiences. It calls for a forward-thinking approach in policy development,
promoting proactive strategies that government entities and research institutions can adopt, thereby advancing disaster
prevention and management strategies related to the El Nifio Southern Oscillation (ENSO).

2 Methodological Approach: Bibliometric Analysis of the Literature on the 2017 El Niiio Costero Phenomenon

This bibliometric analysis was extended to digital sources, including online journals and publications from organizations
responsible for managing natural disasters. Notably, our search in Scopus revealed that the El Nifio Costero phenomenon
of 2017 was the subject of 28 academic publications throughout the year, reflecting considerable interest and significant
concern generated by this extreme weather event. This multifaceted approach not only allowed us to understand the
immediate responses and strategies implemented but also to identify gaps and opportunities for future mitigation and
recovery actions. The aim of this research was to create a comprehensive overview of the impacts of El Nifio Costero and
the responses to it, providing a valuable guide for future policies and practices in disaster management.



129

130

131

132
133
134
135
136
137

138
139
140
141

142
143
144
145
146
147

148
149
150

151

152
153
154
155
156
157

158
159
160
161

162
163
164
165

166
167
168
169
170

171

3. Results
3.1 Vulnerability
3.1.1 Physical Landscape

The city of Piura, positioned on the northern coastal plains of Peru, is roughly 100 kilometers south of the Ecuadorian
border, 50 kilometers from the western coastline, and 60 kilometers from the Andean mountain range. It features a
predominantly flat topography with occasional dry riverbeds, shallow depressions, and mild elevations, where the Piura
River stands as a prominent geographical feature within the region. The river’s lower section is marked by hydraulic
structures such as embankments along its edges and drainage channels, which regulate the water discharge into the
Ramoén Grande Lagoon during the rainy season and control irrigation through gates during dry spells.

The region's intense rainfall and the western slopes of the Andes see rapid runoff due to impermeable soil layers, leading
to abrupt flooding in elevated terrains and swift changes in water flow on flatter grounds. Stormwater also gathers in
depressions and riverbeds, particularly where natural drainage is impeded, causing rapid and substantial water accumu-
lation during heavy storms.

Piura faced devastating floods during the El Nifio event of 1997-1998, exacerbated by intense rainfall and insufficient
urban drainage systems. The water levels in 1998 reached a peak discharge estimated at 4,424 cubic meters per second,
showcasing the city’s susceptibility to extreme weather events. Additionally, the Piura River, which bisects the city from
east to west, spans several hundred meters across as it traverses the urban landscape. The embankments, initially erected
in 1984, were intended to restrain the river, which often rises above the ground floor level of the adjoining buildings. The
riverbed composition is sandy, and vegetation is prevalent along many sections of the riverbanks.

West of Piura, the river's flow diminishes and empties into La Nifia Lagoon (ENFEN, 2017). During episodes of extraordi-
nary discharges, inadequate ocean drainage can cause rapid enlargement of the lagoon, modifying the river's elevation
as it flows through Piura and intensifying floods, particularly affecting the western communities of the city.

3.1.1 Past Floods

Peru, particularly the Piura region, is exposed to multiple natural hazards, with the threat of floods and earthquakes being
particularly prominent. Piura, located on the northern coastal plain, is prone to flooding during periods of intense or
prolonged rainfall, a situation often aggravated by El Nifio events when increased sea surface temperatures near the
coast lead to heightened humidity. These events have been known to cause severe flooding, as witnessed in 1982/1983
and 1997/1998, resulting in devastating impacts ranging from loss of life and livestock to the spread of vector-borne
diseases and destruction of vital fishing ecosystems.

In addition to flooding, the Piura region is also at high seismic risk. The last major earthquake was recorded approximately
four decades ago, but the threat remains and must be fully integrated into disaster risk planning and management. In-
frastructure such as dykes and dames, if not designed to withstand seismic activity, may fail and exacerbate the conse-
guences of floods.

Aware of the country's vulnerability to El Nifio events, the Peruvian government declared a 60-day state of emergency in
July 2015, in anticipation of an El Nifio potentially as strong as or stronger than previous occurrences. Preparedness ac-
tivities were ramped up, though the 2015/2016 El Nifio did not materialize with the anticipated intensity, leading to a
cessation of preparations.

El Nifio events have also led to unexpected changes, such as the transformation of the Sechura coastal desert, which had
remained arid for fifteen years, into Peru's second-largest lake, providing temporary opportunities for fishing and agri-
culture. These episodes highlight the complex interplay between natural phenomena and human communities' adapta-
bility, underscoring the need for disaster risk planning to be holistic and adaptable to changing environmental and social
conditions.

3.1.1 Society
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The Coastal El Nifio event of 2017, which unexpectedly occurred at the beginning of that year, was deemed exceptionally
large, though evidence suggests that the rainfall and flooding may not have been as significant as those recorded in the
1982/1983 and 1997/1998 events. This indicates that the 2017 floods were largely a disaster exacerbated by human
actions, with infrastructure damage being greater in some sectors during the 2017 event, not due to the flood intensity
but rather to rapid recent urbanization. Understanding the reasons behind this requires a detailed analysis of the social
vulnerability of the areas affected by the floods and the general situation in Peru.

Peru, a middle-income country with high levels of inequality, experienced sustained economic growth between 2005 and
2014 (ANA, 1999). However, about 21% of the population still lives in poverty, and approximately 3% in extreme poverty,
with regions like Piura, Cajamarca, La Libertad in the northeast, and Apurimac in the south-central area, where extreme
poverty affects nearly 25% (Vargas, 2009). Women, in particular, make up the majority of the population living in extreme
poverty, with up to 30% of them lacking access to personal income.

Following the fall of President Fujimori in 2000, the Peruvian government has been undergoing a transition to democracy.
However, frequent changes in government have made it difficult to maintain consistent political agendas. Moreover,
since 2020, Peru has been in a process of decentralization to reduce inequalities and improve quality of life and access to
public services. Yet, decentralization has posed a challenge in a country with a history of centralism and authoritarianism.

Social and economic changes have also been limited by the history of mass migration from rural to urban areas. Between
1940 and 1970, the coastal population grew from 300,000 to 4 million, driven by economic opportunities in the western
part of the country. This trend was intensified by the armed conflict that began in 1980. In recent years, Peru has experi-
enced strong economic growth, especially between 2005 and 2011, with the economy growing at an average of 7% per
year (Vargas, 2009). This growth was largely attributed to extractive practices, such as mining and logging, which in turn
contribute to climate change.

Economic growth has helped reduce poverty and extreme poverty, allowing Peru to achieve "high development" status
since 2013. However, most development investments have been concentrated in coastal urban centers, and poverty
rates remain high. Intense migration has altered the risk landscape in Peru (INRENA, 2007). New migrants, often unfamil-
iar with coastal risks, struggle to adapt traditional building techniques and climate coping mechanisms to the new envi-
ronment. Migration has increased the urban poor population, who settle in marginal areas, often invading land or forming
informal settlements; 70% of the Peruvian population lives under these conditions (French and Mechler, 2007).

People have built homes in dry riverbeds or on steep slopes, areas prone to flash flooding. The government often provides
essential urban services, such as water and sanitation, to these settlements, and before elections, local governments are
known to grant land titles to families. Land trafficking, the illegal occupation and resale of land, has exacerbated the
situation, with land often being occupied being marginal or disputed (MacClune et al., 2017).

Construction in high-risk areas has been aggravated by the aridity of Peru's Pacific coast. With little rainfall most years,
infrastructure is often built in flood zones and with materials ill-suited to handle significant rainfall and runoff. Thus,
intense rainfall during El Nifio events is particularly destructive (J. Sanabria et al., 2018).

El Nifio events cause destruction not only to homes and infrastructure but also devastate livelihoods. Infrastructure fail-
ures impact Peru's key economic sectors, affecting fishing, agriculture, and education and health services, as well as con-
struction and transportation. Fisheries take time to recover from sea temperature changes, and floods and landslides
devastate productive lands. Agriculture, climate-dependent and risk-prone, suffered long-term critical damage in the El
Nifio events of 1982/1983 and 1997/1998. Representing 7% of GDP but employing 23.3% of the workforce, agriculture is
vital to Peru and ranges from subsistence to industrialized production (USAID, 2011).

3.2 Mitigation

Peru's disaster risk management system, though ostensibly robust with laws and national policies geared towards Disas-
ter Risk Management (DRM) and Disaster Risk Reduction (DRR), grapples with challenges due to its relative institutional
immaturity. Recent substantial reforms and the ongoing process of restructuring reflect the system's complexity and
dynamism. The study by Bambaren et al. (2017) on the legal norms implemented in response to the 2017 Coastal El Nifio
sheds light on the country's institutional reaction to this devastating event. It identifies legal norms ranging from the
declaration of emergencies to resource management and coordination of actions, highlighting the national response to
a significant emergency and rehabilitation efforts. This context reveals the need for a system that not only addresses
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prevention and immediate response but is also equipped for sustainable post-disaster recovery and reconstruction. The
institutional landscape map shown in Figure 10 illustrates the DRM institutional framework in Peru. However, it should
be noted that this is a simplified version of what is a highly complex and dynamic system.
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Fig. 6 Simplified Institutional Map of Peru's DRM as of Mid-2017. Source: French, A. and Mechler, 2017 [28]
3.2.1 The National Disaster Risk Management System

At the regional level, the government oversees and implements regional programs, acting as an intermediary between
national and local governments and providing technical support to local governments to comply with national policies
and Disaster Risk Reduction (DRR) requirements. The Regional Emergency Operations Centers (COERs) conduct short-
term monitoring, analyze, and disseminate information on weather, climate, and natural hazards, using data from the
National Meteorology and Hydrology Service (SENAMHI) and the National El Nifio Phenomenon Study (ENFEN). Local
governments, as the first line of response in disaster cases, are supposed to operate active Local Emergency Operations
Centers (COELs) for oversight and direct response, though many remain inactive. They are also encouraged to pursue
DRR and preparedness initiatives within their jurisdictions and can request funds from the national budget of the "Vul-
nerability Reduction and Emergency Attention for Disasters" program (PREVAED), known as "budgetary allocation" (PP-
0068), to finance DRM actions.

Since its establishment in 2011, the budget for PP-0068 has significantly increased, but many local governments have not
benefited from these resources or from the available national and regional capacities. National and regional governments
often criticize local governments for their lack of capacity and willingness to act; conversely, local governments argue
that they do not receive necessary support from regional and national governments, nor are they adequately involved in
broader decision-making processes. In practice, the challenges faced at the local level result from a combination of these
factors, limiting DRR and preparedness efforts at the local level.

Weak Incentives and Limited Budgets in Local Disaster Risk Management

Local governments are mandated to allocate a portion of their annual budgets towards exercises, storage, awareness,
and risk reduction measures related to Disaster Risk Management (DRM), such as improving drainage systems. However,
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many fail to do so, perceiving their role primarily in emergency response rather than embracing the value of Disaster Risk
Reduction (DRR) and preparedness. This reluctance is compounded by the tendency of local governments to prioritize
investments based on potential electoral gains. Despite SINAGERD's requirements for local-level DRM, there are minimal
incentives for local governments to apply for DRM funding and few penalties for inaction.

Additionally, local governments face challenges in developing their technical proposals to secure project funding due to
limited budgets. Many are unable to bear the proposal development costs, a situation worsened by discrepancies in the
timing of annual DRR funding allocations. Delays in funding allocations and strict deadlines for expenditure encourage
short-term, project-specific initiatives over long-term integrated planning and capacity building, further limiting the ef-
fectiveness of local DRM efforts.

Technical Capacity Challenges and Inter-Governmental Coordination in Peru's Disaster Risk Management

Peru's technical expertise, particularly within its universities, is significantly underutilized in local government settings.
The disconnect between local and higher levels of government hampers the local government's reach and collaboration
with regional government expertise. This disconnect stems from local resentment over exclusion from higher-level deci-
sion-making processes and the perception that regional governments are implementing special projects at the local level,
which should fall under local government jurisdiction.

Furthermore, competition between mayors and governors exacerbates the lack of coordination between local and re-
gional governments. This is partly due to personal style differences among elected officials and political parties leading
to conflicts, and partly due to competition within short-lived political movements and parties, resulting in elected officials
lacking governance capabilities. These issues have led to poor implementation of national Disaster Risk Management
(DRM) policies at the local level. For instance, SINAGERD mandates that all government entities across sectors and levels
develop six disaster-related plans: Disaster Risk Prevention and Reduction, Preparedness, Emergency Operations, Com-
munity Education, Rehabilitation, and Contingency. The national government's attempt to incentivize local governments
with the promise of additional funding for plan development has seen limited success, with most subnational govern-
mental entities failing to develop these plans.

This scenario highlights the need for enhanced technical capacity building at the local level and improved coordination
mechanisms between different levels of government to ensure effective implementation of DRM policies and practices
in Peru.

3.2.2 Disaster Risk Reduction (DRR) and Preparedness in Anticipation of the 2015/2016 El Nifio.

Forecasts of a significant global El Nifio commenced in mid-2015, and by the end of August that year, ENFEN alerted that
the El Nifio could match the intensity of the 1982/1983 and 1997/1998 occurrences in Peru. Consequently, the national
administration promulgated an "Urgency Decree" (DU No. 004-2015) in the early days of September to form the National
El Nifio Hazard Management Council (CONAGER-FEN) and expedite the reallocation of the national yearly budget to bol-
ster efforts in Disaster Risk Mitigation (DRM) and readiness. The national administration apportioned funds, and
CONAGER-FEN formulated sectoral and regional strategies for DRM. This anticipatory DRM strategy was not novel in
Peru; akin allocations were effected before the 1997/1998 El Nifio phenomenon. Nevertheless, the 2015/2016 El Nifio
precipitation was considerably below expectations, and the drive towards DRM and readiness diminished, with merely
two-thirds of the 3.2 billion PEN dispensed by the national administration being utilized. From this sum, merely 25% of
the assets were dispensed to regional and local administrations; a substantial portion of the DRM efforts were spear-
headed by the national administration.

The bulk of the pre-El Nifio readiness endeavors entailed hazard mitigation in crucial watersheds, orchestrated by the
Ministry of Agriculture and regional administrations in rural and semi-urban zones, and by the Ministry of Housing in
urban locales. Initiatives encompassed the clearing of riverbeds, irrigation channels, and debris drains, and enhancing
water circulation. Initiatives were also undertaken to ready infrastructure within the health, education, water, and hous-
ing sectors, augment existing protective structures, and supply emergency provisions.
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Inadequate maintenance of infrastructure persistently plagues all sectors in Peru. Maintenance pertinent to flooding,
such as augmenting water circulation in rivers and brooks and unclogging drains, is typically conducted solely in the lead-
up to an El Nifio occurrence. Enhancements and enlargements of infrastructure, particularly protective structures like
dykes and drains, are usually executed only a year or two following significant flood events. For instance, the initial drain-
age system in Piura was established following the 1982/1983 El Nifio, partly cleaned and broadened after the 1997/1998
El Nifio, and again partially cleaned prior to the 2015/2016 El Nifio, with scant attention during the intervals between
these events. Nevertheless, the city has witnessed rapid expansion, frequently infringing upon natural drainage areas.
Considerable efforts were also made to heighten the readiness of disaster response organizations. CENEPRED engaged
in refreshing risk evaluations and relayed this data to regional administrations. INDECI staged emergency provisions in its
regional depots and allocated supplies to local administrations. The majority of these projects were infrastructure-centric.
Despite the absence of a unified national early warning framework or protocols (Figure 7), the national administration
invested in enhancing early warning systems, with a significant portion of this investment directed towards Piura.

Hazard Communication Response

Monitoring Planning

Fig. 7 Entry Points for Early Warning Systems in Peru. Source: Developed by the authors.
3.2.3 The Role of Non-Governmental Actors

Non-Profit Organizations (NPOs), especially, were instrumental in mitigating the shortcomings of government-driven Dis-
aster Risk Management (DRM) and readiness for the anticipated 2015/2016 El Nifio. Given sufficient resources, numerous
NPOs embark on enduring initiatives and bolster community resilience. The initiatives that yielded the most significant
outcomes were those undertaken jointly with, or endorsed by, governmental entities and/or societal groups. These ini-
tiatives rendered considerable advantages to the communities throughout and subsequent to the 2017 deluges. Never-
theless, the capacity of NPOs to execute holistic and unified DRM is progressively constrained due to evolving financial
contexts. Acquiring sustained financial support proves arduous (in part owing to dwindling donor interest towards Latin
America and the unsuitable emphasis/scope of DIPECHO), prompting NPOs to procure funding on an individual project
basis. More frequently, NPOs infiltrate communities, execute initiatives, compile reports, and depart. This approach im-
pedes the establishment of enduring programs that substantially mitigate risk within communities.

DRM and readiness measures extended beyond NPOs and governmental efforts. For instance, the University of Piura
educated its personnel in emergency first aid and the management of floods and fires. They further instructed students
in assisting local administrations to request funds from the national government. Agro-industrial entities erected and/or
fortified barriers around their fields to shield their crops against an El Nifio occurrence. Regrettably, while these barriers
were effective in preventing runoff from harming crops and irrigation systems during the 2017 episode, in certain areas,
these measures inadvertently redirected the floodwaters, channeling them towards populated regions.

3.2.4 The 2017 Coastal El Nifio Event

The inundations in Peru were unforeseen; the United States National Oceanic and Atmospheric Administration (NOAA)
and other local and Peruvian weather authorities did not predict the occurrence. The coastal sea surface temperatures
commenced their ascent towards the end of December 2016. Accompanied by a surge in humidity and sea surface tem-
peratures, precipitation initiated in January 2017 across the central coastline, notably in Ica and Lima. It was not until the
sea surface temperatures sustained their upward trajectory throughout January, climaxing at 6.6°C above the norm on
January 31, that the authorities recognized they were confronting rainfall conditions reminiscent of El Nifio. Following
the initial floods in January, the National Emergency Operations Center (COEN) was mobilized, enhancing engagement
and activities as the floodwaters spread. On February 23, an executive decree was proclaimed, enacting an emergency
state in Tumbes, Piura, and Lambayeque in the north of Peru.

On a national scale, daily assemblies were convened where all entities associated with Disaster Risk Management (DRM)
relayed information concerning the prevailing situation, encompassing risk assessments, climatic projections, meteoro-
logical data, the statuses of rivers and lagoons, sea surface temperatures, and the varieties of fish observed (to track
alterations in sea temperatures and the fisheries sector). Notifications were dispatched to the ministries, the prime min-
ister, and the regional authorities. Sanctioned alerts were broadcasted, ideally with a minimum lead time of 3 hours prior
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to the flooding; nonetheless, certain alerts were not disseminated until it was too late to be of any utility. In Piura, the
populace endured sporadic flooding due to the heavy downpours in February and March, with the most severe flooding
transpiring between March 26 and 27, as the intense rainfall merged with the already elevated river currents. The Piura
River surmounted the dykes within the city and surged through breaches in the concrete barricades, intensifying the
flooding at Plaza Principal.

The municipal sewage systems, established post the 1982/1983 El Nifio and revamped subsequent to the 1997/1998 El
Niflo, succumbed due to insufficient upkeep and the overwhelming influx of water. To the city's south, embankments
ruptured, unleashing significant floods in Catacaos and Curamori, where the swift and profound waters claimed four lives.
On March 29, the authorities announced a level 5 emergency for the Piura district - the apex on the national emergency
grading - enabling the reception of domestic and global assistance and support for response measures. This decree, ini-
tially set for 60 days, was subsequently extended by an additional 45 days, and then by another 60 days. The entire
metropolis, a pivotal economic hub, incurred residential damages and notable evacuations. The military deployed 3,600
troops and rendered aid to more than 5,000 individuals within the initial 48 hours. Approximately 10,000 individuals
impacted in the Catacaos district were transferred to shelters in Piura. A total of thirty-one shelters and 1,041 tents were
established to accommodate 11,652 individuals (UNDAC, 2017).

The magnitude of the destruction was, in part, a consequence of inadequate preparedness and communication. COEN
bears the responsibility for issuing official hazard notices and alerts, drawing upon data received from ministries and
agencies at the federal level. There exists a scarcity of formal protocols to integrate information originating at local or
regional tiers up to the national echelon. Ideally, the Regional Emergency Operations Centers (COERs) are the recipients
of official notifications.

3.2.5 Challenges and Responses to the Coastal Flooding in Peru during the 2017 El Nifio Event

As the inundations along the Peruvian shoreline intensified, local leaders and regional heads were engulfed by the crisis
and found themselves incapacitated to tackle the escalating emergency. The community-based defense units were de-
void of contingency plans, and the local administrations were still awaiting the annual allocations from the central gov-
ernment (the fiscal year initiates in January, yet fund allocations frequently encounter delays), curtailing their operational
capabilities. Hence, the plea for emergency provisions from local and regional administrations to INDECI commenced
almost instantaneously. At the outset, INDECI exhibited reluctance, given that the local and regional bodies possess their
distinct emergency response mechanisms - these administrations are beneficiaries of funds from PP 0068 designated for
drills and emergency responses, coupled with the nationwide perception of mismanagement of these resources and the
misuse of local emergency reserves for electoral gains. The clamor for assistance and backing from the lower-tier gov-
ernments escalated, culminating in the proclamation of the situation as a national calamity. The head of state further
directed the local bodies and other governmental units to repurpose their unutilized 2016 allocations towards the emer-
gency. Campaigns for solidarity spearheaded by the media emerged, alongside propositions for international aid, albeit
initially rebuffed by the central government.

The decree of national emergency also empowered the Peruvian Ministry of Defense (MINDEF) to helm the response
coordination. The juncture was fraught with challenges; the national DRM framework was amidst a substantial overhaul
during the flood incidents. MINDEF, recently entrusted with the leadership of national DRM, lacked the requisite experi-
ence in orchestrating a comprehensive disaster response. Concurrently, the stewardship of INDECI and CENEPRED was
vested in new incumbents in 2017, who introduced their cadres. This transition led to ambiguity in command and a blur-
ring of responsibilities. In response, MINDEF designated the military to steer the coordination and dissemination of the
response initiatives. Historically, the Peruvian military's role was confined to maintaining order during crises; this marked
their inaugural involvement in emergency response. General Jorge Chdvez transformed the military command center into
a COEN and swiftly rallied military assets for the response. This prompt, resolute, and efficacious maneuver garnered
considerable acclaim for the General. The magnitude of the disaster warranted the intervention of MINDEF and the mil-
itary, given their logistical prowess, capability for rapid resource mobilization, and execution of urgent reconstruction
endeavors (e.g., bridge restoration).

Aid was initially directed predominantly towards Piura. INDECI's regional outpost in Piura had strategically stockpiled
resources proximate to its urban bureau, and Piura was readily accessible. Other locales like Lambayeque, Rio La Leche,
and Trujillo faced accessibility hurdles owing to bridge impairments along the Pan-American thoroughfare. Certain seg-
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ments of La Libertad were accessible solely by aerial routes. The flood-induced damages also impeded access to settle-
ments along riverbanks and the upper catchment areas. INDECI undertook the transportation of provisions via air and
watercraft to isolated communities whenever feasible.

The deluges profoundly impacted dwellings in the low-lying urban zones of Piura, Catacaos, and Curamori. The regional
and local governments, alongside ministries, orchestrated the evacuation and relocation of over 11,000 individuals to
elevated terrains within the initial 48-hour window. COER and INDECI established makeshift refuges within public educa-
tional institutions. The displaced families were furnished with tents, cooking utensils, mosquito nets, and pails. The gov-
ernmental apparatus failed to dispense other essential emergency aids required by the flood-stricken populace, encom-
passing nourishment, hydration, sanitary facilities, healthcare services, and more enduring shelters. The adoption of
minimal protocols in Peru was not exhaustive. Health concerns, particularly the outbreaks of water and mosquito-trans-
mitted diseases (e.g., dengue, zika, chikungunya, and malaria), emerged as significant issues. The Health Ministry's inter-
vention post the March 26 inundation in Piura was delayed by 48 hours and lacked effective communication regarding
health hazards and preventive measures (e.g., the use of mosquito nets, insect repellants, and protective clothing). The
decline in disease transmission commenced in July, coinciding with the desiccation of the floodwaters.

For the procurement of emergency aid and financial relief, the local administrations are mandated to compile and submit
a Damage Assessment and Needs Analysis (EDAN). The EDAN documentation registers the requests for aid within the
National Information System for Response and Rehabilitation (SINPAD). This procedure is intricate and laborious. Distinct
EDANs are requisitioned for each community, necessitating data at the household level. Moreover, the local authorities
grappled with uncertainties regarding the initiation of EDAN documentation, especially in locales grappling with recurrent
inundations. The EDAN submissions are directed to COER and INDECI for endorsement and financial allocation, a process
envisioned to span 24 hours but, in practice, could extend up to a week. Furthermore, once disbursed, the EDAN re-
sources are non-transferable amongst families or communities, even if the disaster scenarios have evolved or intensified.
Consequently, despite the solicitation of funds, their applicability and promptness were severely constrained.

3.2.6 The role of NGOs

In the absence of governmental provision of food and water, victims of the flooding depended on aid from Non-Govern-
mental Organizations (NGOs) and contributions from local inhabitants, eateries, faith groups, enterprises, and educa-
tional institutions. Households also welcomed kin; it is assessed that 20,000 households remained with kith and kin three
months post the flooding. Aid from NGOs predominantly targeted communities neglected or overlooked by governmen-
tal efforts. NGOs well-versed in specific locales proved particularly adept at aiding communities affected by the flooding.
For instance, Practical Action Peru engaged with Cuatro de Mayo, an impoverished informal community in Piura, focusing
on disaster risk reduction and readiness. Amid the flooding, Cuatro de Mayo faced inundation up to 1.5 meters, leading
to the destruction of abodes. Subsequent to the residents' return with their temporary shelters, Practical Action furnished
them with water reservoirs and constructed latrines, and is currently evaluating additional recuperation strategies for
the community.

Nevertheless, assistance from nascent NGOs encountered hurdles, particularly in grasping community needs and in liais-
ing with other community entities. Occasionally, due to this communication and coordination void, NGOs recognized
post-funding that their proposed aid was superfluous. An instance involved an NGO arriving in a community to focus on
hygiene and water projects, only to discover that preceding efforts by another group had largely addressed the intended
work, and given their funding was earmarked for water and hygiene, reallocating it to meet other community require-
ments was not feasible.

3.3 Protective Capacity and Recovery Efforts Post-2017 El Nifio Coastal Event in Peru

In the aftermath of the 2017 Coastal El Nifio phenomenon, securing access to vital utilities such as power, potable water,
and transportation emerged as essential for the sustenance of livelihoods and economic functions. Projects related to
infrastructure also created opportunities for income generation for individuals who had suffered the loss of homes and
means of living, aiming for recovery. Non-Governmental Organizations (NGOs) launched initiatives like 'monetary com-
pensation for labor' and 'food in exchange for work' in regions affected by the floods, an initiative not paralleled by
governmental efforts at that period. This emphasis on infrastructural development inadvertently sidelined social rehabil-
itation efforts. While construction endeavors do present chances for earning, they do not constitute a sustainable liveli-
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hood strategy for the majority, nor is the practice of employing locals a stipulated or officially announced policy in recon-
struction projects funded by the government, leaving numerous families in a struggle to rebuild their dwellings and ways
of living.

The floods of 2017 adversely affected numerous settlements situated on lands susceptible to flooding. The relocation of
these predominantly informal communities was contemplated as a feasible remedy in locales where the risk was signifi-
cant and considered beyond mitigation. As per the Resettlement Law No. 29869, Article 4, relocation is advocated where
"the execution of mitigation strategies is deemed more financially and logistically challenging than displacement." De-
spite the floods inciting widespread deliberation regarding the if and how of relocating communities severely affected by
the floods, the concept of resettlement remains a multifaceted and contentious subject without a unified stance on an
optimal strategy. The complexities surrounding resettlement can be dissected into categories of 'who', 'what', and
‘where'.

The capability for protection was compromised as policies centered on reconstruction and recovery predominantly fo-
cused on physical infrastructure, thus marginalizing the aspect of social rehabilitation. Individuals were left grappling with
the reconstruction of their residences and livelihoods, significantly hindered by losses in healthcare and educational sec-
tors. The potential of utilizing infrastructural projects to employ individuals impacted by the floods, thereby facilitating
local recovery, is not being consciously exploited. Absent directed support for recovery, the resurgence of families and
communities has hit a standstill. In areas like Cuatro de Mayo, a community severely impacted, households are reliant on
their social networks for day-to-day sustenance.

On a global scale, disasters of extensive magnitude frequently surpass the capabilities of governmental response and
disrupt transportation systems, compelling communities and families to devise their own strategies for disaster response.
Settlements such as Polvorines, which possess a robust grasp of risk factors, are better equipped and capable of a swifter
response and recovery compared to those with limited information. In Polvorines, the civil defense group at the commu-
nity level played a pivotal role in pinpointing local risks and facilitating the community's response. The local administration
is presently collaborating with Polvorines to establish civil defense units in additional communities. This framework is one
that could be endorsed and financially supported by national and regional governments, with NGOs providing auxiliary
support. NGOs are positioned to experiment with methodologies and tactics for this purpose, with the government po-
tentially institutionalizing successful models.

Reconstruction efforts are harnessed to aid in social recuperation. Following a disaster, there is invariably a surge in
infrastructure repair and rebuilding activities. Policies mandating the employment of local residents and engagement of
local construction firms offer the necessary employment opportunities for individuals who have endured the loss of live-
lihoods and assets, necessitating support for recovery. Similarly, while sectors like agriculture and fisheries typically bear
the brunt of El Nifio events, they also present opportunities, given the abundance of water, the feasibility of cultivating a
variety of crops, and the utilization of lagoons for fishing. The establishment of public-private partnerships with the agri-
business and fisheries sectors prior to El Nifio events, with the aim of leveraging these opportunities, can mitigate some
of the adversities wrought by El Nifio and contribute to the economic revival of certain segments, even as others remain
disadvantaged.

3.4 Legal Norms in Response to the 2017 Coastal El Nifio Event

The 2017 Coastal El Nifio event posed significant challenges for Peru, necessitating a robust legal and institutional re-
sponse. In reaction, the government implemented various legal norms aimed at mitigating the disaster's impacts. A key
measure was the declaration of a state of emergency in several affected regions, enabling swift resource allocation and
coordination of response and recovery efforts.

The legislation focused on prevention and preparedness for future events, highlighting the need for a proactive approach
to disaster risk management. This included strengthening risk management structures at national, regional, and local
levels and promoting greater collaboration between the government, NGOs, and local communities. The legislation also
emphasized the importance of improving existing infrastructure, such as drainage systems and dykes, and implementing
new technologies for climate monitoring and early warnings.

The study by Bambaren et al. (2017) focuses on identifying the legal norms established and implemented in response to
the 2017 Coastal El Nifio phenomenon in Peru. The document reviews the legal norms passed and published between
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December 2016 and December 2017, highlighting the emergency, rehabilitation, and reconstruction measures adopted
at national, regional, and local levels.

Among the key findings, 46 legal norms were identified, with 41% aimed at declaring emergencies and alerts, 22% at
managing economic resources, and 13% at coordination actions. A significant percentage of these norms (62%) were
established at the regional level, while 22% were at the national level. The study underscores the need for an integrated
system that not only addresses prevention and immediate response but is also equipped for sustainable recovery and
reconstruction post-disaster.

Furthermore, guidelines for the economic and social recovery of the affected areas were established. This included pro-
grams to support housing reconstruction, livelihood recovery, and the provision of essential services such as health and
education. The government recognized the need to address social inequalities that were exacerbated by the disaster,
focusing on assistance to vulnerable populations.

Finally, the 2017 Coastal El Nifio experience highlighted the need for more comprehensive legislation adaptable to climate
change. This implied revising existing policies and introducing new laws that consider the emerging challenges associated
with extreme weather events. The legislation sought, therefore, not only to respond to the immediate disaster but also
to prepare the country for future environmental challenges.

4 Discussion
Impact of the 2017 Coastal El Nifio Event in Peru: A Multidimensional Analysis

The 2017 Coastal El Nifio event in Peru represented an unprecedented challenge, revealing the complexity and multifac-
eted nature of natural disasters. This phenomenon highlighted the interconnection between environmental, social, and
economic aspects of disasters. While Peru has experienced El Nifio events in the past, the 2017 event was exceptional in
its rapid onset and severity, testing the country's capacity to respond to large-scale emergencies.

The study by French et al. (2020) provides a crucial perspective on the political ecology of El Nifio-related disasters in
Peru. It identifies deep-seated issues of exposure and vulnerability, amplified by ineffective political institutions, that
significantly contribute to disaster risk. The study highlights how political centralization, sectoral divisions, and corruption
hinder the development of robust disaster risk management capabilities. This analysis reinforces the need to address not
just the physical and technical risks but also the social, political, and economic aspects in disaster management, proposing
an integrated and multidisciplinary strategy.

Impact of Climate Change on Migration Patterns in Peru

The study by Bergmann et al. (2021) reveals a significant relationship between climate change and migration patterns in
Peru, particularly in response to extreme weather events like the Coastal El Nifio. This phenomenon not only caused
material and environmental damage but also triggered significant population movements. The most affected areas saw
an increase in migration, with many seeking refuge and better living conditions in other regions or even urban areas.

These population displacements highlight the need for comprehensive policies that focus not only on climate change
mitigation and adaptation but also on supporting vulnerable and displaced communities. Climate-induced migration is a
complex phenomenon that requires a multidisciplinary response, integrating urban planning, sustainable development,
and social protection.

Hence, the findings of Bergmann et al. (2019) reinforce the importance of an integrated disaster risk management strat-
egy that includes measures to deal with the socioeconomic consequences of extreme weather events, like the Coastal El
Nifio, including the growing challenge of climate migration.

Impact of Urbanization on Disaster Risk Management: Lessons from the 2017 Coastal El Nifio

The research by Aguirre et al. (2019) provides crucial insights into the influence of urbanization on vulnerability to natural

disasters. This study reveals how uncontrolled urban expansion and the lack of adequate infrastructure development,
especially in coastal areas, exacerbate the risks associated with extreme weather events like the Coastal El Nifio.

13
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During the 2017 Coastal El Nifio event, it was observed that densely populated urban areas, particularly those developed
without appropriate urban planning, faced significant challenges. These included flooding, erosion, and other environ-
mental impacts, which were intensified by inadequate urban infrastructure.

This analysis reinforces the need to integrate disaster risk management into urban planning and the development of
resilient infrastructures. Urbanization, when carried out without proper consideration of natural risks, can place commu-
nities at greater risk during extreme events. Therefore, urban planning and infrastructure development policies must be
informed by a deep understanding of natural disaster risks and adapted to minimize these risks.

Legal and Institutional Response: Effectiveness and Challenges

The implementation of 46 legal norms in response to the Coastal El Nifio illustrates a significant effort by the Peruvian
government to manage the crisis. However, the effectiveness of these norms varied considerably, highlighting the im-
portance of an integrated disaster risk management system that balances prevention, response, and post-disaster recon-
struction. According to Yglesias-Gonzalez et al. (2023), this implementation reflects challenges in effectiveness and coor-
dination at national and regional levels, suggesting the need for a more integrated management system to increase
effectiveness in managing future extreme weather events. The research showed that, although there was a proactive
response in terms of legislation, there were gaps in implementation and coordination, both nationally and regionally.

Importance of Multisectoral Collaboration

The study underscores the critical need for collaboration between the government, NGOs, and communities. The re-
sponse to the Coastal El Nifio demonstrated that effectiveness in disaster management depends on the active and coor-
dinated participation of all these actors. NGOs played a key role in areas where the governmental response was limited,
underlining the importance of strengthening these ties for future disaster responses.

Role of the Private Sector in Responding to the Coastal El Niflo and Preparing for Future Events

The 2017 Coastal El Nifio experience highlights the crucial role of the private sector in responding to natural disasters and
preparing for future events. According to Gonzalez (2023), the "Shoulder to Shoulder" initiative mobilized the Peruvian
private sector to support the government in responding to the Coastal El Nifio. This effort demonstrated the importance
of collaboration between the public and private sectors, especially in terms of logistics, capacity building, and providing
heavy machinery.

Moreover, preparation for the global El Niflo phenomenon underscores the need for a proactive and integrated approach.
Effective coordination and contribution of resources from the private sector are essential to mitigate the impacts of rising
temperatures and extreme weather conditions. This case exemplifies how solidarity and partnership between different
sectors can strengthen community resilience and improve disaster risk management.

The Role of Climate Change and Adaptation

The 2017 Coastal El Nifio also highlighted the growing influence of climate change in intensifying extreme weather phe-
nomena. This underlines the urgency of integrating climate change adaptation into disaster risk management, focusing
not just on immediate response but also on long-term planning and the implementation of sustainable and resilient
strategies.

5 Conclusion
Need for an Integrated Approach in Disaster Risk Management

This study concludes that an integrated and multidisciplinary approach is essential in disaster risk management. The
Coastal El Nifio event demonstrated that prevention, rapid and effective response, and sustainable post-disaster recon-
struction are equally important components of this approach. Improvements in infrastructure and technology for moni-
toring and early warning, along with legislation adaptation to tackle climate challenges, are crucial. As highlighted in Bell
et al. 2024, education plays a key role in disaster risk management. This focus complements the need for an integrated
approach in risk management, as concluded in the study on the 2017 Coastal El Nifio. The role of education, especially in
terms of collaboration and community participation, reinforces the importance of active community involvement and
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the recognition of the impact of climate change on natural disasters. Thus, integrating formal disaster education into the
risk management strategy contributes to a more resilient and sustainable future.

Integration of Urbanization and Infrastructure Development in Disaster Risk Management

This study emphasizes the need for an integrated and multidisciplinary approach in disaster risk management, as demon-
strated by the Coastal El Nifio event. According to the analyses by Aguirre et al. (2019), urban expansion and infrastruc-
ture development, especially in coastal areas, are critical factors influencing vulnerability to natural disasters. Therefore,
disaster risk management must include urban planning and the development of resilient infrastructures as essential com-
ponents.

Importance of Collaboration and Community Participation

Effective collaboration between the government, NGOs, and communities is crucial for successful disaster management.
Communities, in particular, should be empowered and actively participate in risk management and decision-making. The
inclusion of local knowledge and experiences enriches the response and enhances resilience.

Recognition of Climate Change in Disaster Risk Management

It is imperative to acknowledge the role of climate change in amplifying natural disasters. Climate change adaptation and
mitigation must be integrated into all disaster risk management strategies, with a focus on long-term sustainability and
resilience.

Towards a Resilient and Sustainable Future

The lessons learned from the 2017 Coastal El Nifio, along with the conclusions from Aguirre et al. (2019), point to the
need to develop policies and practices that integrate disaster risk management with urban planning and infrastructure
development. This integrated approach is vital to ensuring that communities are resilient and capable of adapting to the
emerging challenges of climate change and other disaster risks.
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