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OCEAN ACIDIFICATION: THE OTHER CO.,, PROBLEM

30% of atmospheric CO, is absorbed into the ocean
— As aresult, CO, levels in seawater are rising

— Ocean pH decreases when CO,, dissolves in seawater

420 8.4
—se— Atmospheric CO,, (ppmv) Q
400 - \O
—e— Ocean pCO, ("atm) X
c —— QOcean pH - 8.3
ke J
E§ 380 A
=
0]
O 360 - - 8.2
S X
< o=°
N340 - ((\
O X |
@) ?‘ -8.1 L
o
320 A
300 +—-——--- A= == To———= e e Sm—-——- — 8.0

1950 1960 1970 1980 1990 2000 2010 2020

pH data from the Hawaii Ocean Time Series Station (HOTS)



DECLINES IN PH ARE COUPLED WITH INCREASING
TEMPERATURES, AND HYPOXIA, PARTICULARLY IN EASTERN
PACIFIC OCEAN

Business As Usual Scenario, Year 2090-2099

Oxygen concentration change at 200-600 m
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THE WEST COAST IS PARTICULARLY VULNERABLE
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*  We have a narrow continental shelf
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— Upwelling of low pH and low O2 s
waters occurs close to shore
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— CCS ecosystem will be sensitive to o
even small changes on OAH
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GLOBAL CHANGE? LOCAL POLLUTION STRESS?




CALIFORNIA HAS SIGNIFICANT COASTAL NITROGEN EXPORT

San Franciseo Bay:

ANNUAL COASTAL N EXPORT (GG YR-1) 5 (SFB)
Pathway |SFB* |SCB | Other |Total
POTW 17 45 |20 82

Outfall

River 17 4 19 39

Export

Total 34 49 (39 121

* 8 largest POTW ocean outfalls represent 50%
of coastal export

* In SCB, anthropogenic coastal N export has
doubled available nitrogen in nearshore



OAH RESEARCH ELEMENTS

Earth Systems Model Development and Applications

* Primary Tools to Disentangle Effects of Climate Change, Natural Variability
and Anthropogenic Inputs

Ocean Observations
e Model validation

*  Quantify OA-Hypoxia-Temperature status and trends

Biological Impacts of OA-Hypoxia-Temperature

* Implications of observed/predicted trends for ecosystem services and
beneficial uses



WRF-ROMS-BEC Model

Atmospheric forcing Physical model Biogeochemistry

WRF (Weather and ROMS BEC
Research Forecast Model) (Regional Oceanic Model System) (Biogeochemical Elemental Cycling)
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STATE VARIABLES

Model contains huge amount of information (>35 .
Ocean physics

state-variables and > 66 million grid cells per

output (daily) for multiple years)

And multiple time and space configurations
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FROM A MANAGER’S PERSPECTIVE: THREE QUESTIONS

* Are modeled predictions of OA and hypoxia sufficiently accurate
and precise to inform management action?

— Nutrient management

— Marine resource management

* What are the biological implications of observed or modeled OAH
status and trends?

— How do we deal with impacts from co-occurring stressors?

* What are cost-effective management strategies?



TECHNICAL ELEMENTS OF CLIMATE CHANGE RESEARCH

MODEL DEVELOPMENT
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4-KM AND 1-KM VALIDATION PROVIDE ASSURANCE THAT
WE'VE APPROPRIATELY MODELED OCEAN FORCING

Good consistency of coast-wide 4-km and 1-km solutions for atmospheric and
oceanic physical & biogeochemical outputs against available coast-wide data sets

» spatial patterns, seasonal cycles, and range of natural variability

Oxygen distribution at sigma=26.5 [~100-250m]

S0°N

40°N

30°N 30"

140" W 130w 120%W 140%w 130%W 120"

Modeled Observed




FOCUSED VALIDATION: INVESTMENTS TO IMPROVE
MONITORING OF OAH CHEMISTRY AND PROCESS RATES

* 5 Agencies undertook 2 year effort to * Quantified “rates” of nutrient & carbon
improve pH measurements transformations that drive OAH outcomes
— First-ever synoptic survey of pH and — Effluent impacted versus minimally
saturation state on the SCB shelf disturbed

* Examined seasonal rates (upwelling vs.
e  Commitment to install moored sensors by

each of the POTWs

stratification) for 2 years




TECHNICAL ELEMENTS OF MODELING PROGRAM

MODEL DEVELOPMENT MODEL VALIDATION MODEL AND MONITORING
APPLICATION
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BIOLOGICAL EFFECTS OF OAH: OUR CHALLENGE

Managers are investing millions in OA research and monitoring

Observations: Creating a coordinated west coast monitoring network of
biological and chemical measurements

Coupled physical-biogeochemical models to guide nutrient and marine
resource management

Mitigation Research - Investigating the effects of seagrass restoration as
OA mitigation strategy

Our Challenge

We don’t know how to interpret all that data
Not clear at what thresholds biota are responding

Even less clear how OA stress interacts with that from co-occurring
stresses, such as hypoxia or temperature



INDICATOR DEVELOPMENT AND THRESHOLD SCIENCE:
FIELD OBSERVATIONS & LABORATORY EXPERIMENTS

Early Focus on calcifiers!
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EXPERT WORKSHOPS TO GET CONSENSUS
ON KEY THRESHOLDS

EXPERT INTERPRETATION
Literature Review

Meta-Analyses

Dissolution, Mild, 5-28 days - L]
Dissolution, Severe, 14-28 days - [ ]
Calcification, 7 days [ ]
Growth, Juvenile, 7 day - [
Respiration, 1 day - [ ]
Egg, Development, 2 days - [

Survival, 14 days - [

Bednarsek et al., In Prep
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TECHNICAL ELEMENTS OF MODELING PROGRAM

MODEL DEVELOPMENT MODEL VALIDATION MODEL AND MONITORING
APPLICATION
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USE THRESHOLDS TO TRANSLATE MODEL OUTPUT AND
MONITORING DATA
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MULTI-STRESSOR VIEW OF HABITAT COMPRESSION

(Evan Howard, In Prep)
Metabolic Index-Volume fraction of upper 300 m that is suitable for

temperature-dependent metabolism
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INVESTMENTS IN OBSERVATIONS AND MODELING CAN YIELD
READY APPLICATION TO OTHER CLIMATE CHANGE MITIGATION

STRATEGIES

MacroAlgae Cuitivation MODeling System (MACMODS)

Optimize kelp culture
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