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. discuss methods used to quantify the representativity of

observations and process studies

. review patterns of spatiotemporal patchiness and

connectivity in physical and biological properties (e.g.,
correlation/decorrelation scales)

. assess the potential of novel methods used to scale up

observations into gridded regional and global products
Including uncertainty (e.g., Al/ML)
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THE OCEAN PROVJDES KEY
CLIMATE SERVICES BY
ABSORBING ANTH ROPOGENIC
HEAT AND CARBON

'THIS RESULTS IN MAJOR IMPACTS

ON MARINE ECOSYSTEMS AND
BIOGEOCHEMISTRY
UNCERTAiNTY REMAINS IN THE

- PAST AND FUTURE
PROGRESSION OF THESE
IMPACTS ON GLOBAL AND
REGIONAL SCALES
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ANTHROPOGENIC ACTIVITIES HAVE DRIVEN PHYSICAL AND
BIOGEOCHEMICAL CHANGES IN THE GLOBAL OCEAN
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ANTHROPOGENIC ACTIVITIES HAVE DRIVEN PHYSICAL AND
BIOGEOCHEMICAL CHANGES IN THE GLOBAL OCEAN
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THESE GLOBAL CHANGES HAVE SIGNIFICANT
IMPLICATIONS FOR MARINE ECOSYSTEMS AND SPECIES

* Higher ocean temperatures result in greater

stratification and reduced supply of
nutrients to the euphotic zone (Behrenfeld

et al., 2006; Li et al., 2020)

Stratification
Increase

Lietal. (2020)



THESE GLOBAL CHANGES HAVE SIGNIFICANT
IMPLICATIONS FOR MARINE ECOSYSTEMS AND SPECIES

Higher ocean temperatures result in greater
stratification and reduced supply of
nutrients to the euphotic zone (Behrenfeld
et al., 2006; Li et al., 2020)

Marine species respond directly to ocean
temperature, especially in terms of
temperature-dependent oxygen tolerance
(Portner, 2008, 2010; Deutsch et al., 2015)
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THESE GLOBAL CHANGES HAVE SIGNIFICANT
IMPLICATIONS FOR MARINE ECOSYSTEMS AND SPECIES

Higher ocean temperatures result in greater
stratification and reduced supply of
nutrients to the euphotic zone (Behrenfeld
et al., 2006; Li et al., 2020)

Marine species respond directly to ocean
temperature, especially in terms of
temperature-dependent oxygen tolerance
(Portner, 2008, 2010; Deutsch et al., 2015)

Ocean acidification at the surface (e.g.,
Jiang et al., 2023) is detrimental to marine
calcifiers and impacts CaCO; cycling and
increased pCO, in the ocean interior
(Fassbender et al., 2023) may influence
other marine species
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THESE GLOBAL CHANGES HAVE SIGNIFICANT
IMPLICATIONS FOR MARINE ECOSYSTEMS AND SPECIES

Higher ocean temperatures result in greater
stratification and reduced supply of

nutrients to the euphotic zone (Behrenfeld 55°

et al., 2006; Li et al., 2020)

Marine species respond directly to ocean
temperature, especially in terms of
temperature-dependent oxygen tolerance
(Portner, 2008, 2010; Deutsch et al., 2015)

35°

Ocean acidification at the surface (e.g.,
Jiang et al., 2023) is detrimental to marine

calcifiers and impacts CaCO; cycling and b

increased pCO, in the ocean interior
(Fassbender et al., 2023) may influence
other marine species

45°

—

Z

®.
R s1
. P
guGr Ty
iy M [ Bl Heatwave
" B ' - 25 75

155° W

145° W

135° W

125° W

Fraction 0-100 m

| affected (%)

Triple

25 75 extreme

Heatwave and
ocean acidity

25 75
extreme

»
Heatwave and
: i

o5 75 low-oxygen
extreme

: Low-oxygen and
o5 75 ocean acidity
extreme
Ocean acidity

55 75 extreme

l:- Low-oxygen

25 75 extreme

115°W

Gruberetal. (2021)



HOWEVER, THERE ARE SIGNIFICANT INTERMODEL AND
MODEL-DATA DISCREPANCIES IN THESE CHANGES

Ocean Sink (Socean) Anthropogenic Flux into Ocean

- fCO,-products
41 — GOBMs

— Ocean Sink (Socean)

A = 0.5 GtC per year discrepancy
2.6 GtC

Compare to ~0.7 GtC per year
cumulative annual emissions

from the European Union
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PACIFIC MARINE ENVIRONMENTAL LABORATORY
50 YEARS OF INNOVATIVE RESEARCH IN OCEANOGRAPHY

A FUNDAMENTAL SHIFT IN
HOW WE MEASURE OCEAN
INTERIOR PROPERTIES HAS
PAVED THE WAY FOR NEW
STRATEGIES TO
INVESTIGATE GLOBAL
OCEAN CHANGES FROM
OBSERVATIONAL DATA



TRADITIONAL OCEAN OBSERVATIONS HAVE BEEN
COLLECTED VIA DISCRETE SHIPBOARD SAMPLING OR
SENSORS DEPLOYED ON CTD CASTS
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AUTONOMOUS IN SITU SENSORS OFFER A NEW
WAY TO MONITOR OCEAN PROPERTIES




AUTONOMOUS SENSOR MEASUREMENTS NOW DOMINATE
DISCRETE MEASUREMENTS IN GLOBAL OCEAN

Temperature/Salinity Profiles Temperature/Salinity Profiles
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AUTONOMOUS SENSOR MEASUREMENTS NOW DOMINATE
DISCRETE MEASUREMENTS IN GLOBAL OCEAN

Temperature/Salinity/Oxygen Profiles Temperature/Salinity/Oxygen Profiles
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ARGO FLOAT SENSORS
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GRIDDED DATA
PRODUCTS CAN
AUGMENT THE
INFORMATION
GAINED FROM
INDIVIDUAL
PROFILES



THE TRANSLATION OF SCATTERED OBSERVATIONS TO REGULAR
MAPS PROMOTES WIDESPREAD USE OF OBSERVATIONAL DATASETS
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THE TRANSLATION OF SCATTERED OBSERVATIONS TO REGULAR
MAPS PROMOTES WIDESPREAD USE OF OBSERVATIONAL DATASETS
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THE TRANSLATION OF SCATTERED OBSERVATIONS TO REGULAR
MAPS PROMOTES WIDESPREAD USE OF OBSERVATIONAL DATASETS

1982-1

Surface Ocean CO, data products built using machine

learning contribute to Global Carbon Budget Landschutzer
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OBSERVATIONAL DATA SOURCES

GLODAPv2.2022 All Cruises
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GRIDDED DATA SOURCE

0N .OI-JM-1993 \ . 4 « Lyman and Johnson (2023)
—— introduce high resolution heat
content maps (RFROM)

e0'N ¢+

* We leverage the temp. and sal.
RFROM ocean maps from Lyman
and Johnson (in prep)

 This produces biogeochemical
maps on 0.25°, weekly scales

MaAy 2023 LYMAN AND JOHNSON 575

Global High-Resolution Random Forest Regression Maps of Ocean Heat Content
Anomalies Using In Situ and Satellite Data

JOHN M. LYMAN"" AND GREGORY C. JOHNSON*

* NOAA/Pacific Marine Envi 11 y, Seattle,
® Cooperative Institute for Marine and Atmospheric Research, University of Hawai'i at Manoa, Honolulu, Hawaii

(Manuscript received 3 June 2022, in final form 8 December 2022, accepted 17 February 2023)

ABSTRACT: The ocean, with its low albedo and vast thermal inertia, plays key roles in the climate system, including ab-
sorbing massive amounts of heat as ions rise. While the Argo amray of profiling
floats has vastly improved sampling of ocean lcmpc ature in lhc upper half of the global ocean volume since the mid-
2000s, they are not sufficient in number to resolve eddy scales in the oceans. However, satellite sea surface temperature
(SST) and sea surface height (SSH) measurements do resolve these scales. Here we use random forest regressions to map
ocean heat content anomalies (OHCA) using in situ training data from Argo and other sources on a 7-day X 1/4° X 14°

. -
150°E 150°W
- - grid with latitude, longitude, time, SSH, and SST as predictors. The maps display substantial patterns on eddy scales, nsolving

variations of ocean currents and fronts. During the wellsampled Argo period, global integrals of these maps reduce noise rela-

) . 4 ' 4 4 i 2 { " .' » ) ' s . .) tive 1o estimates based on oh]cfu:v: mappmg of in situ data alone by roughly a factor of 3 when ocf?\parcd to time lscnr:s of
» . » A CERES (satellite data) top P energy flux and improve of with

v
CERES on annual time scales. Prior to and carly on in the Argo period, when in situ data were sparser, global integrals of
these maps retain low variance, and do not relax back to a climatological mean, avoiding potential deficiencies of various

»
' go J m - ) methods for infilling data-sparse regions with objective maps by exploiting temporal and spatial patterns of OHCA and its
J correlations with SST and SSH.



OBJECTIVE CLUSTERING OF DATA
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OBJECTIVE CLUSTERING OF DATA
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OBJECTIVE CLUSTERING OF DATA
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THIS ALLOWS US TO CREATE MAPPED, TIME-VARYING DATA
PRODUCT FROM EMPIRICAL MODELS TRAINED ON OBSERVATIONS

Gridded observations

on 50 decibar -

pressure level ,4,/:’ :
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THIS ALLOWS US TO CREATE MAPPED, TIME-VARYING DATA
PRODUCT FROM EMPIRICAL MODELS TRAINED ON OBSERVATIONS
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REPEAT PROCESS FOR NITRATE CONCENTRATION
AND DISSOLVED INORGANIC CARBON
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OXYGEN AND NITRATE DISPLAY COHERENT TRENDS

GOBAI-O, trend at 100 dbars GOBAI-NO; trend at 100 dbars
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OXYGEN AND NITRATE DISPLAY COHERENT TRENDS

GOBAI-O, trend at 100 dbars GOBAI-NO; trend at 100 dbars
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DISSOLVED INORGANIC CARBON SHOWS
STEADY INCREASE OVER TWO DECADES
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MAPPED OCEAN INTERIOR DATA PRODUCTS MAY SOON OFFER
ADDITIONAL CONSTRAINTS ON OCEAN CARBON SINK

Ocean Sink (Socean)

— fCO,-products

41 — GOBMs
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KEY TAKEAWAYS

* Limitations remain in how well we can
constrain past changes and predict
future changes to ocean biogeochemistry
across temporal and spatial scales

* Novel observational platforms present new
opportunities for the mapping of ocean
biogeochemical properties in four
dimensions in near-real time

* Four-dimensional observation-based maps
offer brand new insights and additional
constraints on key ocean processes
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