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UNDERSTANDING DECADAL CLIMATE VARIABILITY IS CRUCIAL FOR PREDICTING LONG-TERM CLIMATE PATTERNS AND PREPARING FOR
THEIR POTENTIAL IMPACTS. THE MECHANISMS DRIVING THESE MULTIYEAR FLUCTUATIONS IN CLIMATE SYSTEMS ARE COMPLEX,
INVOLVING A MYRIAD OF INTERACTIONS AMONG ATMOSPHERIC, OCEANIC, AND TERRESTRIAL PROCESSES. IN THIS ARTICLE, WE
WILL EXPLORE THE FUNDAMENTAL MECHANISMS BEHIND DECADAL CLIMATE VARIABILITY, ANALYZE CURRENT SCIENTIFIC INSIGHTS,
AND DISCUSS EXPECTATIONS FOR FUTURE CLIMATE BEHAVIOR BASED ON THESE MECHANISMS.

WHAT |s DecapAL CLIMATE VARIABILITY?

DECADAL CLIMATE VARIABILITY REFERS TO NATURAL FLUCTUATIONS IN CLIMATE PARAMETERS—SUCH AS TEMPERATURE,
PRECIPITATION, AND STORM ACTIVITY—THAT OCCUR OVER PERIODS RANGING FROM APPROXIMATELY 10 To 30 YeARS. UNLIKE
SHORT-TERM WEATHER PATTERNS, THESE VARIATIONS ARE CHARACTERIZED BY PERSISTENT ANOMALIES THAT CAN INFLUENCE
REGIONAL AND GLOBAL CLIMATE CONDITIONS SIGNIFICANTLY.

EXAMPLES OF DECADAL VARIABILITY INCLUDE THE PACIFIC DECADAL OscILLATION (PDO), THE ATLANTIC MULTIDECADAL
OsciLLaTion (AMO), AND THE INDIAN OceAN DipoLE (IOD). THESE PHENOMENA ARE ASSOCIATED WITH SHIFTS IN SEA

SURFACE TEMPERATURES, ATMOSPHERIC CIRCULATION PATTERNS, AND OTHER CLIMATE SYSTEM COMPONENTS, OFTEN LEADING TO
PROLONGED PERIODS OF ANOMALOUS CLIMATE CONDITIONS.

MecHANISMS BEHIND DecADAL CLIMATE V ARIABILITY

THE ORIGINS OF DECADAL CLIMATE VARIABILITY ARE MULTIFACETED, INVOLVING INTERACTIONS AMONG VARIOUS CLIMATE
SYSTEM COMPONENTS. KEY MECHANISMS INCLUDE:

1. OCEAN-ATMOSPHERE INTERACTIONS

THE OCEANS PLAY A FUNDAMENTAL ROLE IN DECADAL VARIABILITY DUE TO THEIR VAST HEAT CAPACITY AND ABILITY TO STORE
AND TRANSPORT HEAT ACROSS THE GLOBE. OCEAN-ATMOSPHERE INTERACTIONS ARE CENTRAL TO MANY DECADAL PHENOMENA!

* SeA SURFACE TEMPERATURE (SST) PATTERNS: FLUCTUATIONS IN SSTS, SUCH AS THOSE OBSERVED IN THE PDO AND
AMO, INFLUENCE ATMOSPHERIC CIRCULATION PATTERNS, PRECIPITATION, AND TEMPERATURE ANOMALIES.

® THERMOHALINE CIRCULATION: CHANGES IN DEEP OCEAN CURRENTS CAN ALTER SURFACE TEMPERATURE DISTRIBUTIONS
OVER DECADES, INFLUENCING CLIMATE VARIABILITY.

o FeEeDBACK LooPS: SST ANOMALIES CAN REINFORCE ATMOSPHERIC PATTERNS, CREATING FEEDBACK MECHANISMS THAT
SUSTAIN OR AMPLIFY DECADAL FLUCTUATIONS.



2. ATMOSPHERIC CIRCULATION PATTERNS

DECADAL VARIABILITY IS ALSO DRIVEN BY LARGE-SCALE ATMOSPHERIC CIRCULATION CHANGES, WHICH INFLUENCE WEATHER AND
CLIMATE PATTERNS OVER EXTENDED PERIODS:

L4 JET STREAMS: SHIFTS INJET STREAM POSITIONS CAN ALTER STORM TRACKS AND PRECIPITATION PATTERNS,
CONTRIBUTING TO DECADAL VARIABILITY.

o PRESSURE SYSTEMS: PERSISTENT HIGH OR LOW-PRESSURE ANOMALIES CAN LEAD TO PROLONGED DROUGHTS OR WET
PERIODS.

o OSCILLATIONS LIKE THE ARCTIC OscILLATION (AO): VARIATIONS IN POLAR VORTEX STRENGTH INFLUENCE MID-
LATITUDE WEATHER PATTERNS OVER DECADAL TIMESCALES.

3. INTERNAL CLIMATE SYSTEM VARIABILITY

CERTAIN DECADAL SIGNALS ARISE FROM INTERNAL VARIABILITY WITHIN THE CLIMATE SYSTEM, INDEPENDENT OF EXTERNAL
FORCING:

® NATURAL OSCILLATIONS: PHENOMENA SUCH AS THE PDO, AMO, AND |OD ARE SELF-SUSTAINING MODES OF
VARIABILITY THAT EMERGE FROM OCEAN-ATMOSPHERE INTERACTIONS.

® STOCHASTIC PROCESSES: RANDOM FLUCTUATIONS WITHIN THE CLIMATE SYSTEM CAN SOMETIMES TRIGGER OR
MODULATE DECADAL PATTERNS.

4. EXTERNAL FORCINGS AND THEIR MODULATION

\W/HILE DECADAL VARIABILITY IS PRIMARILY DRIVEN BY INTERNAL DYNAMICS, EXTERNAL FACTORS CAN MODULATE OR INFLUENCE
THESE PROCESSES:!

® SOLAR VARIABILITY: CHANGES IN SOLAR IRRADIANCE CAN IMPACT CLIMATE OVER DECADAL SCALES.

® VOLCANIC ACTIVITY: LARGE ERUPTIONS CAN INDUCE SHORT-TERM COOLING, AFFECTING DECADAL TRENDS.

* ANTHROPOGENIC INFLUENCES: HUMAN ACTIVITIES, ESPECIALLY GREENHOUSE GAS EMISSIONS AND AEROSOL LOADING, CAN
INTERACT WITH NATURAL VARIABILITY, POTENTIALLY AMPLIFYING OR DAMPENING DECADAL SIGNALS.

CURRENT SCIENTIFIC UNDERSTANDING AND MODELS

ADVANCES IN CLIMATE MODELING HAVE SIGNIFICANTLY IMPROVED OUR UNDERSTANDING OF DECADAL VARIABILITY. CLIMATE
MODELS ATTEMPT TO SIMULATE THE COMPLEX INTERACTIONS WITHIN THE CLIMATE SYSTEM TO PREDICT FUTURE PATTERNS.
HO\X/EVER/ THERE ARE INHERENT CHALLENGES:



1. LiMmiTATIONS OF CLIMATE MODELS

\W/HILE MODELS HAVE BECOME INCREASINGLY SOPHISTICATED, ACCURATELY CAPTURING DECADAL VARIABILITY REMAINS
DIFFICULT DUE TO:

* MoDEL RESOLUTION: MANY MODELS LACK THE SPATIAL RESOLUTION NEEDED TO RESOLVE SMALL-SCALE PROCESSES
CRITICAL TO DECADAL OSCILLATIONS.

¢ INITIALIZATION AND BOUNDARY CONDITIONS: ACCURATE INITIAL CONDITIONS ARE NECESSARY TO SIMULATE INTERNAL
VARIABILITY CORRECTLY.

* PARAMETERIZATION OF PROCESSES: SUB-GRID SCALE PROCESSES, SUCH AS CONVECTION AND CLOUD FORMATION,
INTRODUCE UNCERTAINTIES.

2. IMProVED DATA AND OBSERVATIONS

LONG-TERM OBSERVATIONAL DATASETS OF SSTS, ATMOSPHERIC PRESSURES, AND OTHER CLIMATE VARIABLES ARE VITAL FOR
VALIDATING MODELS AND UNDERSTANDING DECADAL SIGNALS. SATELLITE DATA, COUPLED WITH OCEAN BUOYS AND GROUND
STATIONS, HAVE ENHANCED OUR ABILITY TO MONITOR AND ANALYZE DECADAL PHENOMENA.

3. FORECASTING DECADAL V ARIABILITY

W/HILE SEASONAL CLIMATE FORECASTS ARE RELATIVELY MATURE, DECADAL PREDICTIONS ARE MORE UNCERTAIN DUE TO THE
CHAOTIC NATURE OF CLIMATE SYSTEMS AND THE SLOW EVOLUTION OF INTERNAL OSCILLATIONS. NONETHELESS, SOME MODELS
CAN FORECAST THE LIKELIHOOD OF CERTAIN DECADAL STATES—SUCH AS THE PERSISTENCE OF THE PDO or AMO—SEVERAL
YEARS IN ADVANCE.

IMPLICATIONS FOR FUTURE CLIMATE EXPECTATIONS

BASED ON CURRENT UNDERSTANDING OF MECHANISMS DRIVING DECADAL CLIMATE VARIABILITY, WHAT CAN WE EXPECT FOR THE
FUTURE CLIMATE? SEVERAL KEY CONSIDERATIONS EMERGE:

1. PERSISTENCE OF DECADAL OSCILLATIONS

DECADAL OSCILLATIONS LIKE THE PDO AND AMO TEND TO PERSIST FOR MULTIPLE DECADES, INFLUENCING REGIONAL CLIMATES
SIGNIFICANTLY. FOR EXAMPLE:

e PAcIFic DecADAL OscILLATION (PDO): ALTERNATES BETWEEN WARM AND COOL PHASES, AFFECTING NORTH AMERICAN
CLIMATE, FISHERIES, AND DROUGHT FREQUENCY.

o ATLANTIC MULTIDECADAL OSCILLATION (AMO): PHASES IMPACT ATLANTIC HURRICANE ACTIVITY, EUROPEAN
CLIMATE, AND NORTH AMERICAN DROUGHTS.

THE PERSISTENCE OF THESE OSCILLATIONS SUGGESTS THAT THEIR INFLUENCE WILL CONTINUE TO SHAPE CLIMATE VARIABILITY IN



THE COMING DECADES.

2. INTERACTION WITH ANTHROPOGENIC CLIMATE CHANGE

THE ONGOING INCREASE IN GREENHOUSE GASES COMPLICATES THE PICTURE:

® THE SUPERIMPOSITION OF LONG-TERM WARMING TRENDS ON NATURAL DECADAL VARIABILITY CAN MASK OR MODIFY THE
AMPLITUDE OF OSCILLATIONS.

® SOME MODELS PROJECT THAT CLIMATE CHANGE MAY INFLUENCE THE FREQUENCY, AMPLITUDE, OR PHASE DURATION OF
DECADAL OSCILLATIONS, THOUGH SCIENTIFIC CONSENSUS REMAINS EVOLVING.

For INSTANCE, RECENT STUDIES SUGGEST THAT WARMING MAY WEAKEN CERTAIN OSCILLATIONS OR ALTER THEIR
CHARACTERISTIC PATTERNS.

3. REGIONAL IMPACTS AND ADAPTATION STRATEGIES

(UNDERST ANDING DECADAL MECHANISMS ALLOWS FOR BETTER REGIONAL CLIMATE PREDICTIONS, WHICH ARE ESSENTIAL FOR
PLANNING:

e N NORTH AMERICA, DECADAL PHASES INFLUENCE DROUGHT RISK, WATER RESOURCE MANAGEMENT, AND AGRICULTURE.

o |N THE INDIAN OCEAN AND ASIA/ DECADAL VARIABILITY AFFECTS MONSOON STRENGTH AND FREQUENCY OF EXTREME
WEATHER EVENTS.

o |N EUROPE AND AFRICA, DECADAL OSCILLATIONS CAN MODULATE TEMPERATURE AND PRECIPITATION PATTERNS,
IMPACTING ECOSYSTEMS AND ECONOMIES.

ANTICIPATING THESE FLUCTUATIONS ENABLES POLICYMAKERS AND COMMUNITIES TO DEVELOP RESILIENT ADAPTATION
STRATEGIES.

FUTURE DIRECTIONS AND RESEARCH NEEDS

DESPITE SIGNIFICANT PROGRESS, MANY UNCERTAINTIES REMAIN REGARDING DECADAL CLIMATE VARIABILITY:

ENHANCING THE RESOLUTION AND PHYSICAL REALISM OF CLIMATE MODELS TO BETTER SIMULATE DECADAL OSCILLATIONS.

® |MPROVING LONG-TERM OBSERVATIONAL DATASETS FOR VALIDATION AND ANALYSIS.
® DEVELOPING ADVANCED FORECASTING TECHNIQUES THAT INCORPORATE MACHINE LEARNING AND DATA ASSIMILATION.

® [UNDERSTANDING THE INTERACTION BETWEEN DECADAL VARIABILITY AND ANTHROPOGENIC CLIMATE CHANGE TO REFINE
FUTURE PROJECTIONS.



INTERDISCIPLINARY RESEARCH COMRBINING OCEANOGRAPHY , ATMOSPHERIC SCIENCE, AND CLIMATE MODELING WILL BE CRUCIAL IN
ADDRESSING THESE CHALLENGES.

CONCLUSION

BASED ON WHAT HAS BEEN LEARNED ABOUT MECHANISMS FOR DECADAL CLIMATE VARIABILITY, IT IS EVIDENT THAT NATURAL
OSCILLATIONS DRIVEN BY OCEAN-ATMOSPHERE INTERACTIONS, INTERNAL CLIMATE SYSTEM DYNAMICS, AND EXTERNAL FORCINGS
CONTINUE TO PLAY A SIGNIFICANT ROLE IN SHAPING CLIMATE PATTERNS OVER MULTI-YEAR PERIODS. W/HILE MODELS AND
OBSERVATIONAL DATA HAVE ADVANCED OUR UNDERSTANDING, UNCERTAINTIES REMAIN, ESPECIALLY REGARDING HOW THESE
NATURAL VARIABILITY MODES WILL INTERACT WITH ONGOING ANTHROPOGENIC CLIMATE CHANGE.

LoOKING AHEAD, IT IS REASONABLE TO EXPECT THAT DECADAL OSCILLATIONS WILL PERSIST, INFLUENCING REGIONAL CLIMATES
AND WEATHER PATTERNS WELL INTO THE FUTURE. THEIR PREDICTABILITY, ALTHOUGH LIMITED, PROVIDES VALUABLE
OPPORTUNITIES FOR ADAPTATION AND MITIGATION PLANNING. AS SCIENTIFIC EFFORTS CONTINUE TO IMPROVE OUR
UNDERSTANDING AND MODELING CAPABILITIES, WE CAN ANTICIPATE MORE ACCURATE FORECASTS OF DECADAL CLIMATE
VARIABILITY, THEREBY ENHANCING OUR ABILITY TO PREPARE FOR AND RESPOND TO CLIMATE RISKS OVER THE COMING DECADES.

UNDERSTANDING THESE MECHANISMS NOT ONLY DEEPENS OUR SCIENTIFIC KNOWLEDGE BUT ALSO INFORMS POLICY DECISIONS
CRUCIAL FOR BUILDING RESILIENT SOCIETIES IN THE FACE OF COMPLEX CLIMATE DYNAMICS.

FREQUENTLY ASkeD QUESTIONS

BASED ON WHAT YOU HAVE LEARNED ABOUT MECHANISMS FOR DECADAL CLIMATE
VARIABILITY, DO YOU EXPECT THE PAcIFic DEcADAL OsciLLATION (PDO) To
CONTINUE INFLUENCING GLOBAL CLIMATE PATTERNS IN THE NEXT DECADE?

YES, GIVEN THE ESTABLISHED PATTERNS AND CURRENT OCEANIC AND ATMOSPHERIC CONDITIONS, IT IS EXPECTED THAT THE PDO
WILL CONTINUE TO INFLUENCE CLIMATE VARIABILITY OVER THE NEXT DECADE, ALTHOUGH ITS INTENSITY AND PHASE MAY
FLUCTUATE.

BASED ON MECHANISMS FOR DECADAL CLIMATE VARIABILITY, DO YOU EXPECT THE
ATLANTIC MuLTIDECADAL OscILLATION (AMO) TO IMPACT REGIONAL WEATHER
PATTERNS SIGNIFICANTLY IN THE COMING YEARS?

YEes, THE AMO's PHASES ARE KNOWN TO AFFECT REGIONAL CLIMATE, ESPECIALLY IN NORTH AMERICA AND EUROPE, SO ITS
INFLUENCE IS LIKELY TO CONTINUE AFFECTING WEATHER PATTERNS IN THOSE REGIONS.

BASED ON YOUR UNDERSTANDING OF DECADAL CLIMATE MECHANISMS, DO YOU EXPECT
HUMAN ACTIVITIES TO MODULATE OR OVERRIDE NATURAL DECADAL VARIABILITY IN THE
NEAR FUTURE?

\WHILE HUMAN ACTIVITIES ARE DRIVING LONG-TERM CLIMATE CHANGE, NATURAL DECADAL VARIABILITY MECHANISMS CAN
MODULATE SHORT-TERM CLIMATE PATTERNS, SO BOTH FACTORS WILL INTERACT, BUT NATURAL VARIABILITY WILL STILL PLAY
A SIGNIFICANT ROLE OVER THE NEXT DECADE.

BASED ON MECHANISMS FOR DECADAL CLIMATE VARIABILITY, DO YOU EXPECT THE
FREQUENCY AND INTENSITY OF EL NIF] o AND LA NIl A EVENTS TO CHANGE IN THE



COMING YEARS?

DECADAL MECHANISMS CAN INFLUENCE THE OCCURRENCE OF ENSO EVENTS, BUT THEIR FREQUENCY AND INTENSITY ARE ALSO
AFFECTED BY OTHER FACTORS, THUS, SOME VARIATION IS EXPECTED, THOUGH PRECISE PREDICTIONS REMAIN UNCERTAIN.

BASED ON WHAT YOU HAVE LEARNED , DO YOU EXPECT DECADAL VARIABILITY TO
COMPLICATE CLIMATE CHANGE PROJECTIONS AND POLICY PLANNING?

YES, DECADAL VARIABILITY INTRODUCES SHORT-TERM FLUCTUATIONS THAT CAN MASK OR AMPLIFY LONG-TERM TRENDS, MAKING
CLIMATE PROJECTIONS AND POLICY PLANNING MORE COMPLEX AND EMPHASIZING THE NEED FOR ADAPTIVE STRATEGIES.

BASED ON MECHANISMS FOR DECADAL CLIMATE VARIABILITY , DO YOU EXPECT REGIONAL
CLIMATE IMPACTS TO DIFFER SIGNIFICANTLY FROM GLOBAL TRENDS?

YES, DECADAL VARIABILITY OFTEN AFFECTS REGIONS DIFFERENTLY, LEADING TO LOCALIZED CLIMATE IMPACTS THAT MAY NOT
ALIGN PERFECTLY WITH GLOBAL AVERAGE TRENDS.

BASED ON YOUR UNDERSTANDING OF DECADAL MECHANISMS, DO YOU EXPECT THE
CURRENT PHASE OF DECADAL VARIABILITY TO PERSIST, OR IS A TRANSITION LIKELY IN
THE NEAR FUTURE?

W/HILE CURRENT PHASES CAN PERSIST FOR SEVERAL DECADES, TRANSITIONS ARE POSSIBLE; ONGOING MONITORING SUGGESTS
THAT A PHASE CHANGE COULD OCCUR WITHIN THE NEXT FEW YEARS OR DECADES.

BASED ON MECHANISMS FOR DECADAL CLIMATE VARIABILITY , DO YOU EXPECT EFFORTS
TO IMPROVE CLIMATE MODELING TO BETTER ACCOUNT FOR THESE MECHANISMS TO
ENHANCE FUTURE PREDICTIONS?

ABSOLUTELY, INCORPORATING DETAILED UNDERSTANDING OF DECADAL MECHANISMS INTO CLIMATE MODELS WILL IMPROVE THEIR
ACCURACY AND HELP BETTER PREDICT SHORT- AND LONG-TERM CLIMATE VARIABILITY.

ADDITIONAL RESOURCES

Basep ON WHAT You HAaVE LEARNED ABoUT MeCHANISMS For DEcADAL CLIMATE VARIABILITY, Do You ExPECT THE
INTRODUCTION

DECADAL CLIMATE VARIABILITY EMBODIES THE NATURAL FLUCTUATIONS IN CLIMATE PATTERNS THAT OCCUR OVER
APPROXIMATELY TEN-YEAR TO THIRTY-YEAR PERIODS, DISTINCT FROM THE LONGER~TERM TRENDS DRIVEN BY ANTHROPOGENIC
CLIMATE CHANGE. THESE FLUCTUATIONS INFLUENCE VITAL ASPECTS OF THE EARTH’S CLIMATE SYSTEM, INCLUDING
TEMPERATURE, PRECIPITATION, STORM ACTIVITY, AND OCEAN CIRCULATION, WITH SIGNIFICANT IMPLICATIONS FOR ECOSYSTEMS,
ECONOMIES, AND SOCIETAL RESILIENCE. UNDERSTANDING THE MECHANISMS UNDERLYING THIS VARIABILITY IS CRUCIAL FOR
IMPROVING CLIMATE PREDICTION, ADAPTATION STRATEGIES, AND POLICY FORMULATION.

THIS ARTICLE INVESTIGATES THE CORE MECHANISMS RESPONSIBLE FOR DECADAL CLIMATE VARIABILITY, ASSESSES THEIR
POTENTIAL FUTURE BEHAVIOR, AND DISCUSSES THE IMPLICATIONS FOR CLIMATE PREDICTION AND POLICY. THE ANALYSIS
SYNTHESIZES SCIENTIFIC LITERATURE, OBSERVATIONAL DATA, AND CLIMATE MODELING INSIGHTS TO PROVIDE A COMPREHENSIVE
OUTLOOK ON WHETHER, BASED ON CURRENT KNOWLEDGE, WE CAN EXPECT CERTAIN PATTERNS OR SHIFTS IN DECADAL CLIMATE
VARIABILITY.

DecapaL CLIMATE VARIABILITY: AN OVERVIEW



DECADAL CLIMATE VARIABILITY REFERS TO THE NATURAL, INTERNALLY DRIVEN FLUCTUATIONS IN CLIMATE PARAMETERS THAT
PERSIST OVER PERIODS RANGING FROM ABOUT 10 To 30 YEARS. UNLIKE THE LONGER-TERM TREND DRIVEN BY GREENHOUSE GAS
ACCUMULATION, DECADAL VARIABILITY MANIFESTS AS OSCILLATIONS OR SHIFTS IN CLIMATE REGIMES, OFTEN COMPLICATING THE
ATTRIBUTION OF RECENT CHANGES SOLELY TO ANTHROPOGENIC INFLUENCES.

Key CHARACTERISTICS:

- TeMporAL ScaLE: 10-30 YEARS

- AMPLITUDE: V ARIES REGIONALLY, WITH SOME AREAS EXPERIENCING MORE PRONOUNCED SWINGS

- DRIVERS: INTERNAL CLIMATE SYSTEM FEEDBACKS AND INTERACTIONS AMONG OCEAN, ATMOSPHERE, AND CRYOSPHERE

- IMPACTS: MODULATION OF DROUGHTS, MONSOONS, HURRICANE ACTIVITY, AND TEMPERATURE EXTREMES

UNDERSTANDING THE MECHANISMS THAT PRODUCE THESE FLUCTUATIONS INVOLVES DISSECTING COMPLEX CLIMATE SYSTEM
COMPONENTS, PRIMARILY THE OCEANIC AND ATMOSPHERIC INTERACTIONS.

Core MeCHANISMS UNDERPINNING DECADAL V ARIABILITY
OCEAN-ATMOSPHERE INTERACTIONS

THE OCEAN AND ATMOSPHERE ARE THE PRIMARY ENGINES OF DECADAL VARIABILITY. THEIR INTERACTIONS INVOLVE ENERGY
EXCHANGES, WAVE PROPAGATION, AND FEEDBACK LOOPS THAT PRODUCE PERSISTENT CLIMATE REGIMES.

Key MECHANISMS:
- PaciFic DecapaL OsciLLATION (PDO): A PROMINENT PATTERN CHARACTERIZED BY SEA SURFACE TEMPERATURE (SST)
ANOMALIES IN THE NORTH PACIFIC, OSCILLATING BETWEEN WARM AND COOL PHASES ROUGHLY EVERY 20-30 YEARS. THE PDO

INFLUENCES NORTH AMERICAN CLIMATE, MONSOON PATTERNS, AND MARINE ECOSYSTEMS.

- ATLANTIC MULTIDECADAL OscILLATION (AMO): AN SST PATTERN IN THE NORTH ATLANTIC WITH A SIMILAR TIMESCALE,
AFFECTING EUROPEAN AND NORTH AMERICAN CLIMATE, HURRICANE ACTIVITY, AND MONSOON STRENGTH.

- INDIAN OceAN DipoLE (IOD): AN SST GRADIENT IN THE INDIAN OCEAN THAT CAN PERSIST OVER MULTI-YEAR PERIODS,
INFLUENCING MONSOON VARIABILITY AND REGIONAL CLIMATE EXTREMES.

MECHANISM DYNAMICS:

THESE OSCILLATIONS INVOLVE COMPLEX FEEDBACKS BETWEEN OCEANIC HEAT CONTENT, SURFACE WINDS, AND ATMOSPHERIC
CIRCULATION. THEY OFTEN ORIGINATE FROM STOCHASTIC ATMOSPHERIC FORCING OR INTERNAL OCEAN VARIABILITY, WHICH THEN
FEEDBACK INTO THE CLIMATE SYSTEM.

THERMOHALINE CIRCULATION AND OCEANIC PROCESSES

THe ATLANTIC MERIDIONAL OVERTURNING CIRCULATION (AMOC), A COMPONENT OF THE GLOBAL THERMOHALINE
CIRCULATION, PLAYS A VITAL ROLE IN DECADAL VARIABILITY.

- AMOC FLUCTUATIONS: CHANGES IN THE STRENGTH OF AMOC INFLUENCE THE DISTRIBUTION OF HEAT IN THE NORTH
ATLANTICI AFFECTING REGIONAL CLIMATE.

- IMPACTS: A WEAKENED AMOC TENDS TO CooL THE NORTH ATLANTIC REGION, POTENTIALLY LEADING TO COLDER PERIODS,
WHILE A STRENGTHENED AMOC ENHANCES W ARMING.

THE STABILITY AND VARIABILITY OF THE AMOC ARE SUBJECTS OF ACTIVE RESEARCH, WITH IMPLICATIONS FOR PREDICTING
DECADAL SHIFTS.

INTERNAL CLIMATE SYSTEM FEEDBACKS

OTHER FEEDBACK MECHANISMS INCLUDE:



- SEA ICE-ALBEDO FEEDBACK: EXTENT OF SEA ICE INFLUENCES REGIONAL CLIMATE, CHANGES CAN PERSIST OVER DECADES,
ESPECIALLY IN THE ARCTIC.

- LAND-ATMOSPHERE FEEDBACKS: SOIL MOISTURE AND VEGETATION COVER CAN MODULATE REGIONAL DECADAL CLIMATE
PATTERNS.

EXTERNAL FORCINGS AND THEIR RoLE

W/HILE INTERNAL VARIABILITY DOMINATES MANY DECADAL FLUCTUATIONS, EXTERNAL FORCINGS CAN MODULATE OR TRIGGER
CERTAIN PATTERNS.

- VoLCANIC ACTIVITY: LARGE ERUPTIONS CAN INDUCE SHORT-TERM COOLING, INFLUENCING DECADAL TRENDS TEMPORARILY.

- SOLAR VARIABILITY: CHANGES IN SOLAR IRRADIANCE CAN MODULATE CLIMATE, ALTHOUGH THEIR CONTRIBUTION TO DECADAL
VARIABILITY IS GENERALLY CONSIDERED MINOR COMPARED TO INTERNAL PROCESSES.

- ANTHROPOGENIC FORCINGS: INCREASING GREENHOUSE GASES INFLUENCE LONG-TERM TRENDS, BUT THEIR INTERACTION WITH
DECADAL VARIABILITY CAN EITHER AMPLIFY OR DAMPEN NATURAL OSCILLATIONS.

PREDICTABILITY OF DECADAL V ARIABILITY

GIVEN THE COMPLEXITY OF THE MECHANISMS INVOLVED, THE PREDICTABILITY OF DECADAL CLIMATE VARIABILITY REMAINS
CHALLENGING BUT IMPROVING WITH ADVANCES IN CLIMATE SCIENCE.

FACTORS AFFECTING PREDICTABILITY:
- INITIAL CONDITIONS: ACCURATE OCEANIC STATE ASSESSMENTS ARE CRITICAL FOR INITIALIZING DECADAL PREDICTIONS.

- MoDEL SkiLL: CLIMATE MODELS HAVE DEMONSTRATED SKILL IN CAPTURING CERTAIN PATTERNS LIKE PDO anD AMO,
ESPECIALLY WHEN DRIVEN BY OBSERVED OCEANIC CONDITIONS.

- EXTERNAL FORCING DATA: INCORPORATION OF SOLAR AND VOLCANIC ACTIVITY ENHANCES FORECAST ACCURACY OVER
CERTAIN PERIODS.

CURRENT CAPABILITIES AND LIMITATIONS:

- DECADAL PREDICTIONS CAN PROVIDE USEFUL INSIGHTS FOR PERIODS UP TOo 10-15 YEARS, ESPECIALLY WHEN LEVERAGING
COUPLED CLIMATE MODELS AND REAL-TIME OCEAN OBSERVATIONS.

- HO\X/EVER, INHERENT CHAOS AND INTERNAL VARIABILITY LIMIT PRECISE LONG-TERM FORECASTS, ESPECIALLY BEYOND TWO
DECADES.

FUTURE ExPECTATIONS: WILL DECADAL VARIABILITY PERSIST OR SHIFT?

BASED ON CURRENT UNDERSTANDING, SEVERAL SCENARIOS EMERGE REGARDING THE FUTURE BEHAVIOR OF DECADAL CLIMATE
VARIABILITY.

CONTINUATION OF ESTABLISHED OSCILLATIONS
- PersisTENCE oF PDO AND AMO: SCIENTIFIC CONSENSUS SUGGESTS THAT THESE OSCILLATIONS ARE INTRINSIC TO THE

CLIMATE SYSTEM AND WILL LIKELY CONTINUE TO OSCILLATE WITHIN THEIR CHARACTERISTIC TIMESCALES, BARRING EXTERNAL
INFLUENCES.



- IMPLICATION: REGIONAL CLIMATE REGIMES INFLUENCED BY THESE OSCILLATIONS WILL PERSIST, LEADING TO PERIODS OF
RELATIVE WARMTH OR COOLING OVER DECADAL SCALES.

PoTenTIAL CHANGES DUE To CLIMATE CHANGE

- ALTERATION OF NATURAL OSCILLATIONS: CLIMATE CHANGE MAY MODIFY THE AMPLITUDE, FREQUENCY, OR PHASE OF
INTERNAL OSCILLATIONS, EITHER DAMPENING OR AMPLIFYING THEIR EFFECTS.

- AMOC STABILITY: THERE IS CONCERN THAT ONGOING W ARMING AND FRESHWATER INPUT FROM MELTING ICE COULD WEAKEN
OR DESTABILIZE THE AMOCI POTENTIALLY LEADING TO MORE PRONOUNCED DECADAL SHIFTS OR AN UNPRECEDENTED REGIME.

- SEA ICE AND ARCTIC AMPLIFICATION: ACCELERATED ARCTIC ICE MELT MIGHT INFLUENCE ATMOSPHERIC CIRCULATION
PATTERNS, POSSIBLY AFFECTING THE TIMING AND INTENSITY OF DECADAL OSCILLATIONS.

INTERACTION WITH EXTERNAL FORCINGS
- HUMAN-INDUCED CLIMATE CHANGE COULD OVERLAY OR MODULATE NATURAL VARIABILITY, COMPLICATING FUTURE PATTERNS.

- For EXAMPLE, INCREASED GREENHOUSE GASES MAY LEAD TO A GENERAL WARMING TREND THAT MASKS OR MODIFIES THE
AMPLITUDE OF DECADAL OSCILLATIONS.

IMPLICATIONS FOR CLIMATE PREDICTION AND PoLicy
ENHANCING DECcADAL PrebICTION CAPABILITIES
- IMPROVED UNDERSTANDING OF OCEANIC PROCESSES AND BETTER OBSERVATIONAL NETWORKS ARE CRITICAL.

- DEVELOPING ADVANCED COUPLED CLIMATE MODELS THAT ACCURATELY SIMULATE THE INTERACTIONS AMONG OCEAN,
ATMOSPHERE, AND CRYOSPHERE CAN IMPROVE FORECAST SKILL.

- INTEGRATION OF REAL-TIME DATA ASSIMILATION ENHANCES INITIAL CONDITION ACCURACY, CRUCIAL FOR DECADAL
PREDICTIONS.

PoLicY AND ADAPTATION STRATEGIES

- RECOGNIZING THE PERSISTENCE OF DECADAL VARIABILITY ALLOWS POLICYMAKERS TO PLAN FOR PERIODS OF INTENSIFIED
DROUGHTS, FLOODS, OR COOLING/\X/ARMING PHASES.

- ADAPTIVE INFRASTRUCTURE, RESOURCE MANAGEMENT, AND DISASTER PREPAREDNESS SHOULD INCORPORATE DECADAL
FORECASTS.

- LONG-TERM CLIMATE RESILIENCE PLANNING MUST ACCOUNT FOR THE POSSIBILITY OF SHIFTS IN VARIABILITY PATTERNS,
ESPECIALLY IN VULNERABLE REGIONS.

CONCLUSION

BASED ON WHAT YOU HAVE LEARNED ABOUT MECHANISMS FOR DECADAL CLIMATE VARIABILITY, DO YOU EXPECT THE NATURAL
OSCILLATIONS SUCH AS PDO AND AMO TO CONTINUE THEIR CYCLES? THE EVIDENCE SUGGESTS THAT THESE INTERNAL CLIMATE
OSCILLATIONS ARE INTRINSIC TO THE EARTH’S CLIMATE SYSTEM AND ARE LIKELY TO PERSIST IN THE FUTURE, MAINTAINING THEIR
CHARACTERISTIC TIMESCALES AND PATTERNS. HO\X/EVER, THEIR AMPLITUDE, PHASE, AND REGIONAL IMPACTS MAY BE MODULATED
BY ONGOING CLIMATE CHANGE, PARTICULARLY THROUGH ALTERATIONS IN OCEANIC CIRCULATION, SEA ICE EXTENT, AND
FEEDBACK MECHANISMS.

W/HILE DECADAL VARIABILITY WILL CONTINUE TO INFLUENCE CLIMATE IN THE COMING DECADES, THE OVERLAY OF
ANTHROPOGENIC FORCING COMPLICATES THE PICTURE. THE POTENTIAL WEAKENING OR DESTABILIZATION OF CRITICAL



COMPONENTS LIKE THE AMOC COULD LEAD TO SHIFTS IN THE BEHAVIOR OF THESE OSCILLATIONS, POSSIBLY RESULTING IN MORE
EXTREME OR UNPREDICTABLE PATTERNS.

ENHANCING OUR UNDERSTANDING AND PREDICTIVE CAPACITY REGARDING THESE MECHANISMS IS VITAL. ACCURATE DECADAL
CLIMATE FORECASTS CAN INFORM ADAPTIVE POLICIES, MITIGATE RISKS, AND SUPPORT RESILIENCE-BUILDING IN SOCIETIES
VULNERABLE TO CLIMATE VARIABILITY. AS CLIMATE SCIENCE ADVANCES, INTEGRATING OBSERVATIONAL DATA, MODEL
IMPROVEMENTS, AND A BETTER GRASP OF FEEDBACK PROCESSES WILL BE KEY TO ANTICIPATING HOW DECADAL VARIABILITY WILL
EVOLVE IN THE CONTEXT OF A CHANGING CLIMATE.
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