CLIMATE CHANGE OCEAN PHYSICS

THe ART oF THE OcCEAN: UNDERSTANDING CLIMATE CHANGE OCEAN PHYsICS

CLIMATE CHANGE OCEAN PHYSICS IS A COMPLEX AND CRITICAL FIELD OF STUDY, REVEALING HOW OUR PLANET’'S OCEANS ARE
RESPONDING TO AND INFLUENCING GLOBAL WARMING. THESE VAST BODIES OF WATER ARE NOT PASSIVE RECIPIENTS OF
ATMOSPHERIC CHANGES,;, RATHER, THEY ARE DYNAMIC SYSTEMS INTRICATELY LINKED TO EARTH'S CLIMATE THROUGH
FUNDAMENTAL PHYSICAL PROCESSES. UNDERSTANDING THESE INTERACTIONS IS PARAMOUNT FOR PREDICTING FUTURE CLIMATE
SCENARIOS, ASSESSING RISKS TO MARINE ECOSYSTEMS, AND INFORMING EFFECTIVE MITIGATION STRATEGIES. THIS ARTICLE
DELVES INTO THE CORE PRINCIPLES OF OCEAN PHYSICS IMPACTED BY CLIMATE CHANGE, EXPLORING TOPICS SUCH AS OCEAN

W ARMING, SEA-LEVEL RISE, CHANGES IN OCEAN CIRCULATION, ACIDIFICATION, AND THE PROFOUND CONSEQUENCES FOR MARINE
LIFE AND COASTAL COMMUNITIES.
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OceAN W ARMING: ABSORBING THE HEAT

THE OCEAN ACTS AS A MASSIVE HEAT SINK, ABSORBING OVER 900/0 OF THE EXCESS HEAT TRAPPED BY GREENHOUSE GASES IN
THE EARTH'S ATMOSPHERE. THIS PHENOMENON, KNOWN AS OCEAN WARMING, IS ONE OF THE MOST DIRECT AND SIGNIFICANT
IMPACTS OF CLIMATE CHANGE ON OCEAN PHYSICS. AS SURFACE WATERS ABSORB MORE HEAT, THEIR TEMPERATURE INCREASES,
LEADING TO A CASCADE OF EFFECTS THROUGHOUT THE MARINE ENVIRONMENT.

THE MECHANISM OF HEAT ABSORPTION

SOLAR RADIATION IS THE PRIMARY ENERGY SOURCE FOR THE EARTH'S CLIMATE SYSTEM. \W/HEN GREENHOUSE GASES TRAP
OUTGOING INFRARED RADIATION, MORE HEAT IS RETAINED WITHIN THE ATMOSPHERE. THE OCEAN'S VAST SURFACE AREA ALLOWS
FOR EFFICIENT ABSORPTION OF THIS EXCESS HEAT THROUGH DIRECT CONTACT WITH THE ATMOSPHERE AND THROUGH INCOMING
SOLAR RADIATION. THIS HEAT IS THEN DISTRIBUTED VERTICALLY THROUGH OCEAN MIXING AND HORIZONTALLY VIA OCEAN
CURRENTS. THE RATE OF WARMING IS NOT UNIFORM; TROPICAL AND SUBTROPICAL REGIONS GENERALLY EXPERIENCE FASTER

W ARMING DUE TO HIGHER INSOLATION. FURTHEEMORE, THE UPPER LAYERS OF THE OCEAN ARE W ARMING MORE RAPIDLY THAN THE
DEEP OCEAN, THOUGH EVEN DEEP WATERS ARE SHOWING SIGNS OF TEMPERATURE INCREASE OVER LONG TIMESCALES.

CoNSEQUENCES OF INCREASED OCEAN TEMPERATURE

RISING OCEAN TEMPERATURES HAVE FAR-REACHING CONSEQUENCES. THEY DIRECTLY IMPACT MARINE ORGANISMS BY AFFECTING
THEIR METABOLISM, REPRODUCTIVE CYCLES, AND HABITAT SUITABILITY. For EXAMPLE, CORAL REEFS ARE HIGHLY SENSITIVE TO
TEMPERATURE CHANGES, LEADING TO CORAL BLEACHING EVENTS WHEN WATER TEMPERATURES EXCEED THEIR THERMAL
TOLERANCE. W/ ARMER WATERS ALSO HOLD LESS DISSOLVED OXYGEN, CREATING HYPOXIC (LO\X/ OXYGEN) ZONES THAT CAN BE
DETRIMENTAL TO MARINE LIFE. ADDITIONALLY, INCREASED OCEAN TEMPERATURE CONTRIBUTES TO THERMAL EXPANSION OF
SEAWATER, A SIGNIFICANT DRIVER OF SEA-LEVEL RISE, AND INFLUENCES WEATHER PATTERNS, POTENTIALLY LEADING TO MORE
INTENSE STORMS.



SeA LeVEL Rise: EXPANDING W/ ATERS AND MELTING ICE

THE RISE IN GLOBAL SEA LEVELS IS A TANGIBLE AND ALARMING CONSEQUENCE OF CLIMATE CHANGE, DRIVEN BY TWO PRIMARY
PHYSICAL PROCESSES OCCURRING WITHIN THE OCEAN: THERMAL EXPANSION AND THE MELTING OF TERRESTRIAL ICE. AS THE
PLANET WARMS, THESE MECHANISMS COMBINE TO INUNDATE COASTAL AREAS AND ALTER COASTLINES WORLDWIDE.

THERMAL EXPANSION OF SEAWATER

W/HEN WATER HEATS UP, IT EXPANDS. THIS FUNDAMENTAL PRINCIPLE OF PHYSICS IS A MAJOR CONTRIBUTOR TO SEA-LEVEL RISE.
AS THE OCEAN ABSORBS THE EXCESS HEAT FROM THE ATMOSPHERE, THE VOLUME OF SEAWATER INCREASES. EVEN sSMALL
INCREASES IN TEMPERATURE, WHEN APPLIED TO THE ENORMOUS VOLUME OF THE WORLD'S OCEANS, RESULT IN SIGNIFICANT
GLOBAL SEA-LEVEL RISE. THIS EXPANSION IS MORE PRONOUNCED IN THE UPPER LAYERS OF THE OCEAN WHERE MOST OF THE

W ARMING IS OCCURRING. THE RATE OF THERMAL EXPANSION IS DIRECTLY PROPORTIONAL TO THE AMOUNT OF HEAT ABSORBED
BY THE OCEAN AND IS A KEY FACTOR IN PREDICTING FUTURE SEA-LEVEL RISE UNDER DIFFERENT EMISSIONS SCENARIOS.

CONTRIBUTION FROM MELTING |CE SHEETS AND GLACIERS

THE MELTING OF LAND-BASED ICE, INCLUDING GLACIERS AND ICE SHEETS IN GREENLAND AND ANTAECTICA, ADDS SUBSTANTIAL
VOLUMES OF WATER TO THE OCEANS, FURTHER ACCELERATING SEA-LEVEL RISE. UNLIKE THE MELTING OF SEA ICE, WHICH DOES
NOT DIRECTLY CONTRIBUTE TO SEA-LEVEL RISE (AS IT IS ALREADY FLOATING IN THE WATER), THE MELTWATER FROM GLACIERS
AND ICE SHEETS ADDS NEW MASS TO THE OCEAN. THE ACCELERATED MELTING OBSERVED IN RECENT DECADES IS A DIRECT
CONSEQUENCE OF RISING GLOBAL AIR AND OCEAN TEMPERATURES. UNDERSTANDING THE COMPLEX GLACIOLOGICAL PROCESSES
AND THEIR INTERACTION WITH OCEAN TEMPERATURES IS CRUCIAL FOR ACCURATELY FORECASTING FUTURE CONTRIBUTIONS TO
SEA-LEVEL RISE FROM THESE ICE MASSES.

CHANGES IN OceAN CIRCULATION: ResHAPING CURRENTS

OCEAN CURRENTS ARE THE PLANET'S VAST CONVEYOR BELTS, TRANSPORTING HEAT, NUTRIENTS, AND MARINE ORGANISMS
ACROSS THE GLOBE. CLIMATE CHANGE IS ALTERING THE PHYSICAL DRIVERS OF THESE CURRENTS, LEADING TO SIGNIFICANT SHIFTS
IN THEIR STRENGTH, PATH, AND PATTERNS, WITH PROFOUND IMPLICATIONS FOR REGIONAL CLIMATES AND MARINE ECOSYSTEMS.

THERMOHALINE CIRCULATION AND ITS VULNERABILITY

THE THERMOHALINE CIRCULATION, OFTEN REFERRED TO AS THE OCEAN'S “GREAT CONVEYOR BELT,” IS DRIVEN BY DIFFERENCES IN
TEMPERATURE (THERMO) AND SALINITY (HALINE). COLD, SALTY WATER IS DENSE AND SINKS, WHILE WARMER, LESS SALTY
WATER IS LESS DENSE AND RISES. THIS DEEP-WATER FORMATION IS CRUCIAL FOR GLOBAL HEAT DISTRIBUTION. CLIMATE CHANGE,
PARTICULARLY THE INFLUX OF FRESHWATER FROM MELTING GLACIERS AND INCREASED PRECIPITATION IN POLAR REGIONS, CAN
DECREASE THE SALINITY OF SURFACE WATERS. THIS REDUCED SALINITY MAKES THE WATER LESS DENSE, POTENTIALLY SLOWING
DOWN OR EVEN WEAKENING THE DEEP-WATER FORMATION PROCESSES THAT DRIVE THE THERMOHALINE CIRCULATION. A
SLOWDOWN IN THIS CIRCULATION COULD LEAD TO SIGNIFICANT REGIONAL CLIMATE CHANGES, SUCH AS COOLING IN PARTS OF
EUROPE.

IMPACTS ON SURFACE CURRENTS AND UPWELLING

CHANGES IN WIND PATTERNS, DRIVEN BY ATMOSPHERIC W ARMING, ALSO AFFECT SURFACE OCEAN CURRENTS. ALTERED WIND



STRESS CAN CHANGE THE SPEED AND DIRECTION OF THESE CURRENTS, IMPACTING THE TRANSPORT OF HEAT AND MARINE LIFE.
FURTHERMORE/ CHANGES IN WIND PATTERNS CAN INFLUENCE UPWELLING, A PROCESS WHERE DEEP, NUTRIENT-RICH WATERS ARE
BROUGHT TO THE SURFACE. THIS PROCESS IS VITAL FOR SUPPORTING PRODUCTIVE MARINE ECOSYSTEMS. IF UPWELLING IS
\WEAKENED DUE TO ALTERED WIND PATTERNS, IT CAN LEAD TO DECREASED PRIMARY PRODUCTIVITY AND IMPACT FISHERIES.
CONVERSELY/ INTENSIFIED UPWELLING IN SOME REGIONS COULD LEAD TO LOCALIZED COOLING AND ALTERED NUTRIENT
AVAILABILITY.

OceAN ACIDIFICATION: THE CHEMICAL IMBALANCE

\W/HILE OFTEN DISCUSSED SEPARATELY, OCEAN ACIDIFICATION IS INTRINSICALLY LINKED TO THE PHYSICS OF CLIMATE CHANGE,
SPECIFICALLY THE OCEAN'S ABSORPTION OF ATMOSPHERIC CARBON DIOXIDE (COQ) THIS ABSORPTION ALTERS THE OCEAN'S
FUNDAMENTAL CHEMISTRY, WITH SIGNIFICANT BIOLOGICAL CONSEQUENCES.

THe CHEMISTRY oF CO2 ABSORPTION

As ATMOSPHERIC CO2 LEVELS INCREASE DUE TO THE BURNING OF FOSSIL FUELS, THE OCEAN ABSORBS A SIGNIFICANT PORTION
oF THIS ExCESS CO2. WHeN CO2 DISSOLVES IN SEAWATER, IT REACTS WITH WATER TO FORM CARBONIC ACID (H2CO3).
THIS CARBONIC ACID THEN DISSOCIATES INTO HYDROGEN IONS (H+) AND BICARBONATE IoNS (HCO3-). THE INCREASE IN
HYDROGEN IONS LEADS TO A DECREASE IN THE PH OF SEAWATER, MAKING IT MORE ACIDIC. THIS PROCESS REDUCES THE
AVAILABILITY OF CARBONATE IONS (COB32-), WHICH ARE ESSENTIAL BUILDING BLOCKS FOR MARINE ORGANISMS THAT FORM
SHELLS AND SKELETONS OUT OF CALCIUM CARBONATE.

BioLogGicAL RAMIFICATIONS oF Rebucep PH

THE DECREASING PH AND REDUCED CARBONATE AVAILABILITY POSE A SEVERE THREAT TO A WIDE RANGE OF MARINE ORGANISMS.
CALCIFYING ORGANISMS, SUCH AS CORALS, SHELLFISH, PLANKTON, AND SOME ALGAE, FIND IT INCREASINGLY DIFFICULT TO BUILD
AND MAINTAIN THEIR SHELLS AND SKELETONS. THIS CAN LEAD TO WEAKENED STRUCTURES, REDUCED GROWTH RATES, AND
INCREASED MORTALITY. THE IMPACTS EXTEND UP THE FOOD CHAIN, AFFECTING SPECIES THAT RELY ON THESE CALCIFYING
ORGANISMS FOR FOOD. FURTHERMORE, CHANGES IN OCEAN CHEMISTRY CAN AFFECT THE BEHAVIOR AND PHYSIOLOGY OF NON-
CALCIFYING ORGANISMS, DISRUPTING SENSORY SYSTEMS AND REPRODUCTIVE CAPABILITIES.

IMPACTS ON MARINE ECOSYSTEMS AND BIODIVERSITY

THE PHYSICAL AND CHEMICAL CHANGES OCCURRING IN THE OCEAN DUE TO CLIMATE CHANGE ARE PROFOUNDLY RESHAPING MARINE
ECOSYSTEMS AND THREATENING BIODIVERSITY. THESE CHANGES ARE NOT ISOLATED EVENTS BUT INTERCONNECTED STRESSORS
THAT CHALLENGE THE RESILIENCE OF LIFE BENEATH THE WAVES.

HABITAT SHIFTS AND SPECIES MIGRATION

AS OCEAN TEMPERATURES RISE, MANY MARINE SPECIES ARE MIGRATING TOWARDS COOLER, POLAR REGIONS OR DEEPER WATERS IN
SEARCH OF SUITABLE HABITATS. THIS POLEWARD SHIFT CAN LEAD TO THE DISPLACEMENT OF EXISTING COMMUNITIES AND THE
INTRODUCTION OF NEW SPECIES INTO UNFAMILIAR ENVIRONMENTS. SUCH MIGRATIONS DISRUPT ESTABLISHED FOOD WEBS AND CAN
LEAD TO COMPETITION FOR RESOURCES. ORGANISMS WITH LIMITED MOBILITY OR SPECIALIZED HABITAT REQUIREMENTS ARE
PARTICULARLY VULNERABLE TO BEING OUTCOMPETED OR UNABLE TO ADAPT QUICKLY ENOUGH TO THEIR CHANGING
SURROUNDINGS.



DisruPTION OF FOoD WEBS AND FISHERIES

THE CUMULATIVE IMPACTS OF OCEAN W ARMING, ACIDIFICATION, AND DEOXYGENATION ARE CREATING A CASCADE OF EFFECTS
THROUGHOUT MARINE FOOD WEBS. FOR INSTANCE, THE DECLINE OF CORAL REEFS DUE TO BLEACHING REDUCES HABITAT FOR
COUNTLESS ASSOCIATED SPECIES. CHANGES IN PLANKTON COMMUNITIES, THE BASE OF MOST MARINE FOOD WEBS, CAN HAVE
RIPPLE EFFECTS THROUGHOUT THE ECOSYSTEM. | HESE DISRUPTIONS DIRECTLY IMPACT COMMERCIAL FISHERIES, AFFECTING THE
LIVELIHOODS OF MILLIONS OF PEOPLE WHO DEPEND ON HEALTHY MARINE RESOURCES. THE ABILITY OF FISH POPULATIONS TO
REPRODUCE, GROW, AND SURVIVE IS INCREASINGLY BEING COMPROMISED BY THE ALTERED OCEAN ENVIRONMENT.

THe RoLE oF OceaN PHysics IN CLIMATE FEepBACk LooPs

THE OCEAN’S PHYSICAL PROCESSES ARE NOT MERELY RESPONDERS TO CLIMATE CHANGE BUT ALSO PLAY A CRUCIAL ROLE IN
AMPLIFYING OR MODERATING IT THROUGH COMPLEX FEEDBACK LOOPS. UNDERSTANDING THESE FEEDBACKS IS VITAL FOR
ACCURATE CLIMATE MODELING AND PREDICTIONS.

ALBEDO EFFecT AND HEAT DISTRIBUTION

THE OCEAN’S SURFACE, PARTICULARLY WHEN COVERED BY ICE OR CLOUDS, INFLUENCES THE EARTH'S ALBEDO - ITS
REFLECTIVITY. AS SEA ICE MELTS, IT EXPOSES DARKER OCEAN WATER, WHICH ABSORBS MORE SOLAR RADIATION, LEADING TO
FURTHER WARMING. THIS IS A POSITIVE FEEDBACK LOOP THAT ACCELERATES WARMING. CONVERSELY, INCREASED CLOUD COVER
OVER W ARMER OCEANS CAN REFLECT MORE SUNLIGHT BACK INTO SPACE, ACTING AS A NEGATIVE FEEDBACK. THE OCEAN'S
ABILITY TO ABSORB AND TRANSPORT HEAT ALSO PLAYS A ROLE IN MODERATING REGIONAL CLIMATE VARIABILITY, BUT THE
CAPACITY FOR HEAT ABSORPTION IS NOT LIMITLESS.

CArBON CYCLE INTERACTIONS

THE OCEAN IS A MAJOR PLAYER IN THE GLOBAL CARBON CYCLE, ABSORBING VAST AMOUNTS OF ATMOSPHERIC CO2. HO\X/EVERI
AS THE OCEAN WARMS, ITS CAPACITY TO ABSORB CO2 MAY DECREASE. W/ ARMER WATER HOLDS LESS DISSOLVED GAS,
POTENTIALLY LEADING TO MORE CO2 BEING RELEASED BACK INTO THE ATMOSPHERE. FUETHERMORE, CHANGES IN OCEAN
CIRCULATION CAN AFFECT THE BIOLOGICAL PUMP, WHICH TRANSPORTS CARBON FROM THE SURFACE TO THE DEEP OCEAN. THESE
INTERACTIONS CREATE INTRICATE FEEDBACK MECHANISMS THAT CAN EITHER EXACERBATE OR DAMPEN THE EFFECTS OF
ANTHROPOGENIC GREENHOUSE GAS EMISSIONS.

FUTURE PRrOJECTIONS AND RESEARCH DIRECTIONS

THE CONTINUED STUDY OF CLIMATE CHANGE OCEAN PHYSICS IS CRITICAL FOR PROJECTING FUTURE CHANGES AND DEVELOPING
EFFECTIVE ADAPTATION AND MITIGATION STRATEGIES. ADVANCED MODELING, OBSERVATIONAL DATA, AND INTERDISCIPLINARY
RESEARCH ARE PAVING THE WAY FOR A MORE COMPREHENSIVE UNDERSTANDING.

ADVANCES IN OCEAN MODELING

SOPHISTICATED EARTH SYSTEM MODELS ARE CONTINUALLY BEING DEVELOPED TO SIMULATE THE COMPLEX INTERACTIONS
BETWEEN THE OCEAN, ATMOSPHERE, ICE, AND LAND. THESE MODELS ALLOW SCIENTISTS TO EXPLORE POTENTIAL FUTURE
SCENARIOS UNDER VARIOUS EMISSIONS PATHWAYS AND TO TEST THE SENSITIVITY OF OCEAN PROCESSES TO W ARMING.
IMPROVEMENTS IN RESOLUTION AND THE INCLUSION OF MORE DETAILED PHYSICAL AND BIOGEOCHEMICAL PROCESSES ARE



ENHANCING THE ACCURACY OF THESE PROJECTIONS, PARTICULARLY FOR REGIONAL IMPACTS SUCH AS SEA-LEVEL RISE AND
CHANGES IN STORM INTENSITY.

THEe IMPORTANCE oF CoNTINUOUS OBSERVATION

LONG'TERM, SUSTAINED OCEANOGRAPHIC OBSERVATIONS ARE INDISPENSABLE FOR VALIDATING MODEL PREDICTIONS AND
UNDERSTANDING REAL-WORLD CHANGES. TECHNOLOGIES SUCH AS ARGO FLOATS, AUTONOMOUS UNDERWATER VEHICLES, AND
SATELLITE REMOTE SENSING PROVIDE CRUCIAL DATA ON OCEAN TEMPERATURE, SALINITY, CURRENTS, AND SEA LEVEL. CONTINUED
INVESTMENT IN THESE OBSERVATION NETWORKS IS ESSENTIAL FOR TRACKING THE RATE OF CHANGE, IDENTIFYING TIPPING POINTS,
AND MONITORING THE HEALTH OF MARINE ECOSYSTEMS. FUTURE RESEARCH WILL LIKELY FOCUS ON THE INTERPLAY BETWEEN
DIFFERENT PHYSICAL PROCESSES AND THEIR CUMULATIVE IMPACTS ON MARINE LIFE AND HUMAN SOCIETIES.

FREQUENTLY ASKED QUESTIONS

QZ How DOES OCEAN WARMING DIRECTLY AFFECT MARINE LIFE?

A: OCEAN WARMING DIRECTLY AFFECTS MARINE LIFE BY ALTERING METABOLIC RATES, INFLUENCING REPRODUCTIVE TIMING, AND
CAUSING STRESS THAT CAN LEAD TO PHENOMENA LIKE CORAL BLEACHING. MANY SPECIES ARE FORCED TO MIGRATE TO FIND
COOLER WATERS, DISRUPTING ECOSYSTEMS AND FOOD WEBS.

QZ \WHAT IS THE DIFFERENCE BETWEEN THE MELTING OF SEA ICE AND THE MELTING OF
LAND ICE IN TERMS OF SEA-LEVEL RISE?

A: THE MELTING OF SEA ICE, WHICH IS ALREADY FLOATING IN THE OCEAN, DOES NOT SIGNIFICANTLY CONTRIBUTE TO SEA-LEVEL
RISE. IN CONTRAST, THE MELTING OF LAND-BASED ICE, SUCH AS GLACIERS AND ICE SHEETS, ADDS NEW WATER VOLUME TO THE
OCEANS, DIRECTLY CAUSING SEA LEVELS TO RISE.

QZ CAN OCEAN ACIDIFICATION IMPACT NON-CALCIFYING MARINE ORGANISMS?

A: YES, OCEAN ACIDIFICATION CAN IMPACT NON-CALCIFYING MARINE ORGANISMS BY AFFECTING THEIR PHYSIOLOGY, BEHAVIOR,
AND SENSORY ABILITIES. FOR EXAMPLE, IT CAN INTERFERE WITH THE NAVIGATION AND PREDATOR DETECTION OF FISH AND AFFECT
THE DEVELOPMENT OF LARVAL STAGES IN VARIOUS SPECIES.

QZ How DO CHANGES IN OCEAN CURRENTS AFFECT WEATHER PATTERNS?

A: CHANGES IN OCEAN CURRENTS, PARTICULARLY THE THERMOHALINE CIRCULATION, CAN SIGNIFICANTLY AFFECT WEATHER
PATTERNS BY ALTERING THE GLOBAL DISTRIBUTION OF HEAT. A SLOWDOWN OR DISRUPTION OF THESE CURRENTS CAN LEAD TO
MORE EXTREME TEMPERATURE VARIATIONS IN DIFFERENT REGIONS, IMPACTING RAINFALL PATTERNS AND STORM INTENSITY.

Q: WHAT Is THE “BIOLOGICAL PUMP,” AND HOW IS IT AFFECTED BY CLIMATE CHANGE?

A: THE BIOLOGICAL PUMP IS A NATURAL PROCESS WHERE MARINE ORGANISMS, PARTICULARLY PHYTOPLANKTON, ABSORB Cco2
FROM THE ATMOSPHERE AND SINK TO THE DEEP OCEAN WHEN THEY DIE, EFFECTIVELY SEQUESTERING CARBON. CLIMATE CHANGE,
THROUGH OCEAN W ARMING AND ACIDIFICATION, CAN ALTER THE EFFICIENCY OF THIS PUMP BY AFFECTING PHYTOPLANKTON
PRODUCTIVITY AND THE SINKING RATES OF ORGANIC MATTER.



Q: ARE THERE ANY POSITIVE FEEDBACK LOOPS RELATED TO OCEAN PHYSICS THAT
ACCELERATE CLIMATE CHANGE?

A: YES/ A PROMINENT POSITIVE FEEDBACK LOOP INVOLVES THE MELTING OF SEA ICE. AS SEA ICE MELTS, IT EXPOSES DARKER
OCEAN WATER, WHICH ABSORBS MORE SOLAR RADIATION, LEADING TO FURTHER WARMING AND MORE SEA ICE MELT. THIS IS
KNOWN AS THE ICE-ALBEDO FEEDBACK.

QI How DOES OCEAN DEOXYGENATION RELATE TO OCEAN WARMING?

A: OCEAN WARMING LEADS TO DEOXYGENATION BECAUSE WARMER WATER CAN HOLD LESS DISSOLVED OXYGEN. ADDITIONALLY,
W ARMING CAN STRATIFY THE OCEAN, REDUCING THE MIXING OF OXYGEN-RICH SURFACE WATERS WITH DEEPER LAYERS,
EXACERBATING THE PROBLEM OF OXYGEN DEPLETION IN CERTAIN AREAS.

Q: WHAT ARE THE LONG-TERM IMPLICATIONS OF OCEAN ACIDIFICATION FOR THE
GLOBAL FOOD SUPPLY?

A: THE LONG-TERM IMPLICATIONS OF OCEAN ACIDIFICATION FOR THE GLOBAL FOOD SUPPLY ARE SIGNIFICANT, AS IT THREATENS
SHELLFISH FISHERIES, CORAL REEFS (\)VHICH SUPPORT MANY FISH POPULATIONS), AND THE OVERALL PRODUCTIVITY OF MARINE
ECOSYSTEMS THAT MANY COMMUNITIES RELY ON FOR PROTEIN.
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