EL NINO AP ENVIRONMENTAL SCIENCE

EL NINO AP ENVIRONMENTAL SCIENCE IS A CRITICAL TOPIC WITHIN THE STUDY OF GLOBAL CLIMATE PATTERNS AND THEIR
ENVIRONMENTAL IMPACTS. THIS PHENOMENON, PRIMARILY CHARACTERIZED BY THE PERIODIC WARMING OF SEA SURFACE
TEMPERATURES IN THE CENTRAL AND EASTERN EQUATORIAL PACIFIC OCEAN, PLAYS A SIGNIFICANT ROLE IN SHAPING WEATHER,
CLIMATE VARIABILITY, AND ECOLOGICAL SYSTEMS WORLDW!IDE. (UNDERSTANDING EL NI O IS ESSENTIAL FOR STUDENTS
PREPARING FOR THE AP ENVIRONMENTAL SCIENCE EXAM, AS IT ENCOMPASSES KEY CONCEPTS RELATED TO ATMOSPHERIC SCIENCE,
OCEANOGRAPHY, AND HUMAN-ENVIRONMENT INTERACTIONS. THIS ARTICLE EXPLORES THE CAUSES AND MECHANISMS BEHIND EL
NI O, ITS ENVIRONMENTAL AND ECOLOGICAL EFFECTS, ITS SIGNIFICANCE WITHIN THE AP ENVIRONMENTAL SCIENCE CURRICULUM
AND HOW IT INFLUENCES GLOBAL CLIMATE PATTERNS. THROUGH A DETAILED EXAMINATION, STUDENTS CAN GAIN A
COMPREHENSIVE UNDERSTANDING OF EL NI O AND ITS RELEVANCE TO ENVIRONMENTAL SCIENCE STUDIES.
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WHAT IsEL NIf] o?

EL NIP] © IS A CLIMATIC EVENT MARKED BY A SIGNIFICANT INCREASE IN SEA SURFACE TEMPERATURES ACROSS THE CENTRAL AND
EASTERN EQUATORIAL PACIFIC OCEAN. |T IS ONE PHASE OF THE LARGER EL NIF] o-SouTHerN OsciLLATION (ENSO) cycLE,
WHICH ALSO INCLUDES THE OPPOSITE PHASE KNOWN AS LA NIF] A. THE TErM “EL NiJ] ©” ORIGINALLY REFERRED TO A WARM
OCEAN CURRENT OBSERVED NEAR THE COAST OF PERU AROUND CHRISTMAS TIME, HENCE ITS SPANISH NAME MEANING “THE BOY”
OR “"CHRIST CHILD.” IN THE CONTEXT OF AP ENVIRONMENTAL SCIENCE, EL NI[F] O REPRESENTS A NATURAL CLIMATE VARIABILITY
PHENOMENON THAT HAS FAR-REACHING EFFECTS ON ATMOSPHERIC CIRCULATION, PRECIPITATION PATTERNS, AND ECOSYSTEMS
GLOBALLY.

DeriNITION AND CHARACTERISTICS

EL NIP] © EVENTS ARE CHARACTERIZED BY WEAKENED TRADE WINDS, REDUCED UPWELLING OF COLD NUTRIENT-RICH WATERS
ALONG THE SOUTH AMERICAN COAST, AND A NORTHWARD SHIFT IN THE PACIFIC JET STREAM. THESE CHANGES DISRUPT TYPICAL
WEATHER PATTERNS, LEADING TO VARIOUS ENVIRONMENTAL CONSEQUENCES SUCH AS DROUGHTS, FLOODS, AND ALTERED MARINE
ECOSYSTEMS. THE WARMING ASSOCIATED WITH EL NIP] O TYPICALLY LASTS FOR @ TO 12 MONTHS BUT CAN VARY IN
INTENSITY AND DURATION.

EL NF] o-SouTHerN OsciLLATION (ENSO) CycLe

THe ENSO CYCLE ENCOMPASSES THREE PHASES: EL NIF] o, LA NiP] A, AND NEUTRAL CONDITIONS. EL NIl O REPRESENTS THE
wARM PHASE, LA NIF] A THE COOL PHASE, AND NEUTRAL THE BASELINE STATE. THE CYCLE IS DRIVEN BY INTERACTIONS BETWEEN
THE OCEAN AND ATMOSPHERE, PLAYING A CRUCIAL ROLE IN GLOBAL CLIMATE REGULATION. UNDERSTANDING ENSO IS ESSENTIAL
WITHIN ENVIRONMENT AL SCIENCE BECAUSE IT LINKS OCEANIC PROCESSES WITH ATMOSPHERIC PHENOMENA AND THEIR COMBINED
EFFECTS ON ECOSYSTEMS AND WEATHER.



CAUSES AND MecHANISMS oF EL NIF] o

THE ONSET OF EL NI O IS PRIMARILY DRIVEN BY CHANGES IN ATMOSPHERIC PRESSURE AND OCEANIC CIRCULATION. THE
WEAKENING OF TRADE WINDS ACROSS THE PACIFIC OCEAN REDUCES THE UPWELLING OF COLD WATER, ALLOWING W ARM
SURFACE WATERS TO ACCUMULATE. THIS PROCESS DISRUPTS THE NORMAL EAST-TO-WEST MOVEMENT OF WARM WATER AND
AFFECTS ATMOSPHERIC JET STREAMS, RESULTING IN ALTERED GLOBAL WEATHER PATTERNS.

TrADE WINDS AND OCEAN CURRENTS

(UNDER NORMAL CONDITIONS, TRADE WINDS BLOW FROM EAST TO WEST ACROSS THE EQUATORIAL PACIFIC, PUSHING \W¥ ARM
SURFACE WATERS TOWARD ASIA AND AUSTRALIA. THIS MOVEMENT CAUSES COLD, NUTRIENT-RICH WATER TO UPWELL ALONG
THE SOUTH AMERICAN COAST. DURING EL NI O, THESE TRADE WINDS WEAKEN OR REVERSE, REDUCING UPWELLING AND
ALLOWING WARM WATER TO MOVE EASTWARD. THIS SHIFT IMPACTS MARINE LIFE AND ATMOSPHERIC CIRCULATION PATTERNS.

THerMOCLINE CHANGES

THE THERMOCLINE, A LAYER IN THE OCEAN WHERE TEMPERATURE DECREASES RAPIDLY WITH DEPTH, DEEPENS IN THE EASTERN
PACIFIC DURING EL NIF] © EVENTS. THIS DEEPENING SUPPRESSES THE RISE OF COLD WATER, FURTHER INTENSIFYING SURFACE
WARMING. THE ALTERED THERMOCLINE STRUCTURE IS BOTH A CAUSE AND CONSEQUENCE OF THE CHANGING WIND AND CURRENT
PATTERNS ASSOCIATED WITH EL NI o.

ENVIRONMENTAL AND ECOLOGICAL IMPACTS

EL NI O EVENTS HAVE PROFOUND EFFECTS ON ENVIRONMENTAL SYSTEMS AND BIODIVERSITY. THE WARMING OF OCEAN WATERS
AND DISRUPTION OF NORMAL WEATHER PATTERNS INFLUENCE TERRESTRIAL AND MARINE ECOSYSTEMS, OFTEN LEADING TO
ECOLOGICAL IMBALANCES AND ECONOMIC CHALLENGES.

MARINE ECOSYSTEMS

THE REDUCTION IN UPWELLING DURING EL NI O DECREASES THE SUPPLY OF NUTRIENTS TO SURFACE WATERS, NEGATIVELY
AFFECTING PHYTOPLANKTON PRODUCTIVITY. THIS DECLINE CASCADES THROUGH THE FOOD WEB, IMPACTING FISH POPULATIONS
AND SPECIES THAT RELY ON THEM, SUCH AS SEABIRDS AND MARINE MAMMALS. FISHERIES ALONG THE WESTERN COAST OF SOUTH
AMERICA OFTEN EXPERIENCE SIGNIFICANT DECLINES DURING EL NI O YEARS.

TERRESTRIAL WEATHER PATTERNS

EL NI O ALTERS PRECIPITATION AND TEMPERATURE PATTERNS WORLDWIDE. REGIONS SUCH AS THE WESTERN UNITED STATES
AND PERU OFTEN EXPERIENCE INCREASED RAINFALL AND FLOODING, WHILE AUSTRALIA, |NDONESIA, AND PARTS OF SOUTHEAST
ASIA FACE DROUGHT CONDITIONS. THESE CHANGES CAN LEAD TO CROP FAILURES, WILDFIRES, AND WATER SHORTAGES,
DEMONSTRATING THE INTERCONNECTEDNESS OF OCEANIC AND ATMOSPHERIC PROCESSES.

HUMAN AND ECONOMIC IMPLICATIONS

THE ENVIRONMENT AL DISRUPTIONS CAUSED BY EL NI O DIRECTLY AFFECT HUMAN POPULATIONS THROUGH IMPACTS ON
AGRICULTURE, WATER RESOURCES, AND HEALTH. INCREASED FLOODING CAN DAMAGE INFRASTRUCTURE AND INCREASE THE
INCIDENCE OF W ATERBORNE DISEASES, WHILE DROUGHTS CAN LEAD TO FOOD INSECURITY AND ECONOMIC LOSSES IN
AGRICULTURE-DEPENDENT REGIONS.



EL NIPl o AND AP ENVIRONMENTAL Science CURRICULUM

IN THE AP ENVIRONMENTAL SCIENCE CURRICULUM, EL NI O SERVES AS A KEY EXAMPLE OF CLIMATE VARIABILITY AND ITS
EFFECTS ON ECOSYSTEMS AND HUMAN SYSTEMS. |T INTEGRATES CONCEPTS FROM OCEANOGRAPHY , METEOROLOGY , AND
ECOLOGY, HELPING STUDENTS UNDERSTAND HOW NATURAL PHENOMENA INFLUENCE ENVIRONMENTAL CONDITIONS AND RESOURCE
MANAGEMENT.

RELEVANCE TO ATMOSPHERIC SCIENCE

EL NI O ILLUSTRATES ATMOSPHERIC CIRCULATION CHANGES, INCLUDING SHIFTS IN JET STREAMS AND PRESSURE SYSTEMS, WHICH
ARE ESSENTIAL TOPICS IN AP ENVIRONMENTAL SCIENCE. LEARNING ABOUT THESE CHANGES HELPS STUDENTS GRASP HOW
\WEATHER PATTERNS DEVELOP AND HOW THEY CAN BE INFLUENCED BY OCEAN-ATMOSPHERE INTERACTIONS.

IMPLICATIONS FOR EcosysTEM DyYNAMICS

THE EVENT PROVIDES A CASE STUDY IN ECOSYSTEM RESPONSES TO ENVIRONMENTAL STRESS, SUCH AS ALTERED NUTRIENT
CYCLES AND SPECIES POPULATION DYNAMICS. THIS KNOWLEDGE IS CRITICAL WHEN EXPLORING TOPICS LIKE BIODIVERSITY,
ECOLOGICAL RESILIENCE, AND HUMAN IMPACTS ON NATURAL SYSTEMS.

APPLICATION IN ENVIRONMENTAL PoLICY AND MANAGEMENT

UNDERSTANDING EL NI O EVENTS AIDS IN DEVELOPING STRATEGIES FOR DISASTER PREPAREDNESS, WATER MANAGEMENT, AND
AGRICULTURAL PLANNING. THE AP ENVIRONMENTAL SCIENCE COURSE EMPHASIZES THE IMPORTANCE OF USING SCIENTIFIC
KNOWLEDGE TO INFORM POLICY DECISIONS THAT CAN MITIGATE THE ADVERSE EFFECTS OF SUCH CLIMATIC EVENTS.

GrLoBAL CLIMATE EFFeEcTs oF EL NIP] ©

EL NI O HAS WIDESPREAD IMPACTS BEYOND THE PACIFIC REGION, INFLUENCING WEATHER AND CLIMATE PATTERNS ACROSS THE
GLOBE. THESE EFFECTS CONTRIBUTE TO ANNUAL VARIATIONS IN TEMPERATURE AND PRECIPITATION AND CAN EXACERBATE
EXTREME WEATHER EVENTS.

IMPACT ON NORTH AMERICA

DURING EL NI O YEARS, THE SOUTHERN UNITED STATES OFTEN EXPERIENCES WET TER-THAN-AVERAGE CONDITIONS, WHILE THE
NORTHERN STATES TEND TO BE WARMER AND DRIER. THESE CHANGES CAN AFFECT AGRICULTURE, WATER RESOURCES, AND ENERGY
DEMAND. FOR EXAMPLE, MILDER WINTERS IN THE NORTH REDUCE HEATING NEEDS BUT MAY ALSO IMPACT SNOWPACK AND WATER
SUPPLY.

INFLUENCE ON TroPICAL CYCLONES

EL NI O TENDS TO SUPPRESS ATLANTIC HURRICANE ACTIVITY DUE TO INCREASED VERTICAL WIND SHEAR BUT CAN ENHANCE
CYCLONE FORMATION IN THE CENTRAL AND EASTERN PACIFIC. THIS SHIFT IN STORM PATTERNS AFFECTS COASTAL COMMUNITIES
AND DISASTER MANAGEMENT STRATEGIES.

GLoBAL TEMPERATURE ANOMALIES

EL NI O EVENTS CONTRIBUTE TO SHORT-TERM INCREASES IN GLOBAL AVERAGE TEMPERATURES. THE RELEASE OF HEAT FROM THE
OCEAN TO THE ATMOSPHERE DURING THESE EVENTS CAN TEMPORARILY AMPLIFY W ARMING TRENDS, WHICH ARE IMPORTANT



CONSIDERATIONS IN CLIMATE VARIABILITY AND CHANGE STUDIES.

MONITORING AND PReDICTING EL NIP] o EvenTs

ACCURATE MONITORING AND FORECASTING OF EL NIF] © ARE VITAL FOR MITIGATING ITS IMPACTS. ADVANCES IN OCEANOGRAPHIC
AND ATMOSPHERIC OBSERVATION TECHNOLOGIES HAVE IMPROVED THE ABILITY TO PREDICT THE ONSET AND INTENSITY OF EL
NIP] o EVENTS.

OceAN Buoy NETWORKS

THE TropicAL ATMoSPHERE OCEAN (TAO) ARRAY CONSISTS OF MOORED BUOYS ACROSS THE EQUATORIAL PACIFIC THAT
MEASURE SEA SURFACE TEMPERATURES, CURRENTS, AND WIND PATTERNS. THESE REAL-TIME DATA ARE CRUCIAL FOR DETECTING
EARLY SIGNS OF EL Ni[’] © DEVELOPMENT.

SATELLITE REMOTE SENSING

SATELLITES PROVIDE COMPREHENSIVE COVERAGE OF SEA SURFACE TEMPERATURES, SEA LEVEL CHANGES, AND ATMOSPHERIC
CONDITIONS. THESE OBSERVATIONS COMPLEMENT BUOY DATA AND ENHANCE THE SPATIAL UNDERSTANDING OF EL NI (@)
DYNAMICS.

CLIMATE MODELS AND FORECASTING

NUMERICAL CLIMATE MODELS SIMULATE OCEAN-ATMOSPHERE INTERACTIONS AND HELP PREDICT EL NI O EVENTS MONTHS IN
ADVANCE. THESE FORECASTS ARE ESSENTIAL FOR GOVERNMENTS AND ORGANIZATIONS TO PREPARE FOR POTENTIAL
ENVIRONMENTAL AND SOCIO-ECONOMIC IMPACTS.

1. UNDERSTANDING THE CAUSES AND EFFECTS OF EL NI O HELPS IMPROVE CLIMATE RESILIENCE \WORLDW/IDE.
2. MONITORING TECHNOLOGIES PROVIDE CRITICAL DATA FOR EARLY WARNING SYSTEMS.

3. INCORPORATING EL NI O KNOWLEDGE INTO ENVIRONMENTAL SCIENCE EDUCATION PROMOTES INFORMED DECISION-MAKING.

FREQUENTLY ASKeED QUESTIONS

WHAT Is EL NIP] o IN THE CONTEXT OF AP ENVIRONMENTAL SCIENCE?

EL NI O IS A CLIMATE PHENOMENON CHARACTERIZED BY THE PERIODIC WARMING OF SEA SURFACE TEMPERATURES IN THE CENTRAL
AND EASTERN EQUATORIAL PACIFIC OCEAN/ WHICH SIGNIFICANTLY INFLUENCES GLOBAL WEATHER PATTERNS AND
ENVIRONMENTAL SYSTEMS.

How poEes EL NIF] o AFFECT GLOBAL WEATHER PATTERNS STUDIED IN AP
ENVIRONMENTAL SCIENCEP

EL NI O DISRUPTS NORMAL ATMOSPHERIC CIRCULATION, LEADING TO ALTERED PRECIPITATION AND TEMPERATURE PATTERNS
\WORLDWIDE, SUCH AS INCREASED RAINFALL AND FLOODING IN SOME REGIONS AND DROUGHTS IN OTHERS, IMPACTING ECOSYSTEMS
AND HUMAN ACTIVITIES.



\WHAT ARE THE ENVIRONMENTAL IMPACTS OF EL NI O EVENTS?

EL NI O CAN CAUSE SEVERE WEATHER EVENTS INCLUDING FLOODS, DROUGHTS, AND HURRICANES, WHICH AFFECT BIODIVERSITY
AGRICULTURE, WATER RESOURCES, AND INCREASE THE RISK OF WILDFIRES AND DISEASE OUTBREAKS.

’

How Is EL NIEl O MONITORED AND PREDICTED IN ENVIRONMENTAL SCIENCE?

EL NI O IS MONITORED USING OCEAN BUOYS, SATELLITES, AND CLIMATE MODELS THAT TRACK SEA SURFACE TEMPERATURES,
ATMOSPHERIC PRESSURE, AND WIND PATTERNS, ALLOWING SCIENTISTS TO PREDICT ITS ONSET AND POTENTIAL IMPACTS.

\WHY IS UNDERSTANDING EL NI’] O IMPORTANT FOR ENVIRONMENTAL SCIENCE STUDENTS
IN AP COURSES?

UNDERSTANDING EL NI O HELPS STUDENTS GRASP THE INTERACTIONS BETWEEN OCEANIC AND ATMOSPHERIC SYSTEMS, THE
CONSEQUENCES OF CLIMATE VARIABILITY ON ECOSYSTEMS AND HUMAN SOCIETIES, AND THE IMPORTANCE OF CLIMATE PREDICTION
FOR ENVIRONMENTAL MANAGEMENT.

ADDITIONAL RESOURCES

1. EL NifP] o AND THE SoUTHERN OSCILLATION: MULTISCALE VVARIABILITY AND GLOBAL AND REGIONAL IMPACTS

THIS COMPREHENSIVE BOOK EXPLORES THE COMPLEX DYNAMICS OF EL NiP] o AND THE SouUTHERN OsciLLATION (ENSO)
PHENOMENON. |T COVERS THE MECHANISMS BEHIND ITS VARIABILITY, PREDICTIVE MODELS, AND ITS DIVERSE ENVIRONMENT AL AND
SOCIO-ECONOMIC IMPACTS WORLDWIDE. THE BOOK IS ESSENTIAL FOR UNDERSTANDING HOW ENSO INFLUENCES GLOBAL CLIMATE
SYSTEMS AND REGIONAL WEATHER PATTERNS.

2. EL NifP] o: UNLOCKING THE SECRETS OF THE MASTER WEATHER MAKER

\W/RITTEN FOR BOTH SCIENTISTS AND GENERAL READERS, THIS BOOK DELVES INTO THE HISTORY AND SCIENCE OF EL NI © EVENTS.
IT EXPLAINS THE ATMOSPHERIC AND OCEANIC PROCESSES DRIVING EL NIF] ©, ITS EFFECTS ON ECOSYSTEMS, AGRICULTURE, AND
ECONOMIES, AND DISCUSSES ADVANCES IN FORECASTING. THE NARRATIVE HIGHLIGHTS THE IMPORTANCE OF EL NIP] © IN GLOBAL
ENVIRONMENT AL SCIENCE.

3. CLIMATE CHANGE AND EL NIP] ©: INTERACTIONS AND [MPLICA TIONS

THIS TITLE INVESTIGATES THE INTERPLAY BETWEEN EL NIP] © PHENOMENA AND GLOBAL CLIMATE CHANGE. |T EXAMINES HOW
RISING GLOBAL TEMPERATURES MAY ALTER THE FREQUENCY AND INTENSITY OF EL NI[’) O EVENTS AND THE RESULTING
ENVIRONMENTAL CONSEQUENCES. THE BOOK EMPHASIZES THE NEED FOR ADAPTIVE STRATEGIES IN ENVIRONMENTAL MANAGEMENT
AND POLICY.

4. OCEAN-A TMOSPHERE INTERACTIONS AND THE EL NPl © PHENOMENON

FOCUSING ON THE COUPLING BETWEEN OCEANIC AND ATMOSPHERIC SYSTEMS, THIS BOOK PROVIDES DETAILED INSIGHTS INTO THE
SCIENTIFIC PRINCIPLES UNDERLYING EL NIP] ©. IT DISCUSSES OBSERVATIONAL DATA, MODELING TECHNIQUES, AND CASE STUDIES
THAT ILLUSTRATE THE PHENOMENON'S INFLUENCE ON WEATHER EXTREMES. THE WORK IS VALUABLE FOR STUDENTS AND
RESEARCHERS IN ENVIRONMENTAL SCIENCE.

5. ENVIRONMENTAL IMPACTS oF EL NifP] o AND LA NiP] A: A GLOBAL PERSPECTIVE

THIS BOOK PRESENTS A BROAD OVERVIEW OF THE ENVIRONMENTAL EFFECTS TRIGGERED BY BOTH EL NIF] © AND ITS
COUNTERPART, LA NIP] A. IT COVERS IMPACTS ON MARINE AND TERRESTRIAL ECOSYSTEMS, BIODIVERSITY, AND NATURAL
DISASTERS SUCH AS DROUGHTS AND FLOODS. THE TEXT ALSO CONSIDERS HUMAN RESPONSES AND MITIGATION EFFORTS ACROSS
DIFFERENT REGIONS.

6. EL NifP] o AND ITS EFFECTS ON MARINE ECOSYSTEMS

CONCENTRATING ON MARINE ENVIRONMENTS, THIS BOOK DETAILS HOW EL NI © EVENTS DISRUPT OCEAN TEMPERATURES,
CURRENTS, AND NUTRIENT CYCLES. |T EXAMINES THE CASCADING EFFECTS ON FISH POPULATIONS, CORAL REEFS, AND OVERALL
MARINE BIODIVERSITY. THE BOOK UNDERSCORES THE IMPORTANCE OF MONITORING OCEANIC CHANGES FOR SUSTAINABLE FISHERIES
MANAGEMENT.

7. PrepicTING EL NiPl o: ADVANCES IN CLIMATE FORECASTING



THIS TITLE EXPLORES THE TECHNOLOGICAL AND SCIENTIFIC PROGRESS IN PREDICTING EL NI O EVENTS. |T DISCUSSES SATELLITE
OBSERVATIONS, CLIMATE MODELING, AND DATA ASSIMILATION METHODS THAT ENHANCE FORECASTING ACCURACY. THE BOOK IS
AN IMPORTANT RESOURCE FOR UNDERSTANDING HOW EARLY WARNING SYSTEMS CAN MITIGATE EL NI O’S ADVERSE IMPACTS.

8. EL NiP] o AND HUMAN SOCIETIES: VVULNERABILITY AND ADAPTATION

ADDRESSING THE SOCIAL DIMENSION, THIS BOOK EXAMINES HOW EL NIP] O INFLUENCES HUMAN COMMUNITIES, PARTICULARLY IN
VULNERABLE REGIONS. | T HIGHLIGHTS CASE STUDIES ON AGRICULTURE, WATER RESOURCES, AND DISASTER RESILIENCE,
EMPHASIZING ADAPTIVE STRATEGIES AND POLICY RESPONSES. THE WORK INTEGRATES ENVIRONMENTAL SCIENCE WITH SOCIO-
ECONOMIC ANALYSIS.

Q. THE ENSO CycLE: IMPLICATIONS FOR ENVIRONMENTAL SCIENCE AND POLICY

THIS BOOK PROVIDES A DETAILED OVERVIEW OF THE ENSO CYCLE, INCLUDING EL Ni] © AND LA NiP] A PHASES, AND THEIR
SIGNIFICANCE IN ENVIRONMENTAL SCIENCE. |T DISCUSSES THE IMPLICATIONS FOR CLIMATE POLICY, NATURAL RESOURCE
MANAGEMENT, AND SUSTAINABLE DEVELOPMENT. THE TEXT IS DESIGNED FOR POLICYMAKERS, RESEARCHERS, AND STUDENTS
INTERESTED IN CLIMATE VARIABILITY AND ITS GOVERNANCE.
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