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Abstract

Since the start of the Industrial Revolution, our atmosphere has continued to experience increased levels
of CO; concentrations and with it, changes in seawater carbonate chemistry. These changes in the
carbonate chemistry of seawater, a process known as ocean acidification (OA), threaten some species
upon which some economies are largely dependent for economic activity. This thesis uses the best
available data to summarize the Washington State shellfish economy and estimate potential impacts of
OA on Pacific oyster demand. The analysis evaluates the economic impact of OA on demand using an

autoregressive distributed lag (ARDL) model approach to estimate short-run and long-run impacts.

Although initial research attempted to assess the impacts of OA on Pacific oyster supply, findings from
this study suggest that long-run decreases in carbonate chemistry may negatively impact the demand
for Pacific oysters. As the waters used to grow Pacific oysters in Washington State continue to degrade
as a result of OA, substantial losses in economic activity from Pacific oysters may be lost. On the west
coast, oysters appear to be a luxury good with demand highly responsive to changes in income. Pacific

oysters are moderately sensitive to price, indicating demand for oysters is elastic.
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1 Introduction

Ocean acidification (OA) has recently become the topic of many conversations among members of
Washington State’s coastal communities. Between 2005 and 2009, production of shellfish larvae
experienced major failures, signaling a change in seawater conditions used by hatcheries to spawn and
rear oyster “seed.” Extensive research has since revealed that changes in seawater carbonate chemistry,
resulting from increased absorption of carbon dioxide in seawater, has adverse impacts on larvae
production (Barton, Hales, Waldbusser, Langdon, & Feely, 2012; Gazeau et al., 2007). If recent
emission scenarios from the Intergovernmental Panel on Climate Change (IPCC) prove accurate,
changes in seawater carbonate chemistry pose serious global problems, especially for coastal

communities that rely on organisms that are most sensitive to the changing conditions.
1.1 Research Objective

This thesis attempts to expand our understanding of impacts associated with OA by analyzing monthly

Pacific oyster demand in Washington State between 1996 and 2011.
1.2 Thesis Outline

This thesis includes six chapters. The introduction will inform the reader of the thesis’ research objective
and relevant information pertaining to OA and Washington State’s economic dependence on shellfish
production. Chapter two will review existing literature pertaining to the scientific process of OA,
carbonate chemistry impacts on specific organisms, and specific modelling techniques previously
employed to measure economic impacts as a result of changes to environmental inputs. Chapter three
will address the modelling approach employed and specifications. Chapter four describes the data, and
their sources, used in the analysis. Chapter five will report empirical model results, interpretations of
those results, and their implications. Chapter six will provide a conclusion, along with recommendations

for future research.
1.3 Ocean Acidification

Since the beginning of the industrial revolution, mankind has continued to release carbon dioxide (CO,)
into the atmosphere through industrial and agricultural activities. Since 1750, the average acidity of the
ocean has increased 30 percent, with current rates of acidification happening nearly 10 times faster
than any time in the past 50 million years NANOQS, 2015). The ocean absorbs about a quarter of the
CO; released by mankind into the atmosphere every year. Therefore, as atmospheric CO; increases, so

do the levels of CO; in the ocean (PMEL, 2015). As CO; increases in the ocean, concentrations of



carbonate ions decrease, creating “corrosive” conditions for organisms producing carbonate ions

needed for production. The process of OA and is further discussed in section 2.1.

Marine waters in Washington are particularly vulnerable to ocean acidification as regional marine
processes exacerbate the effects of OA. These marine processes impacting carbonate chemistry include:
coastal upwelling, nutrient runoff, local CO, emissions, and the uptake of nitrogen and sulfur oxides,
which are also absorbed from the atmosphere by seawater (NANOOS, 2015). In fact, acidification along
the outer coast of Washington and Puget Sound is strongly influenced by coastal upwelling, while
acidification in shallow estuaries, including those of Puget Sound, may also be influenced by runoff
from fresh water sources that are carrying nutrients from human and natural sources (NANOOS, 2015).
Coastal upwelling is a process that occurs when winds blow across the ocean surface, pushing surface
water away, which is then replaced with deep ocean water that is rich in CO; and low in pH. Wind
events leading to upwelling tend to happen seasonally depending on the location and wind direction.
As further discussed later, local upwelling events at a shellfish hatchery located in Washington occur
during fall and winter months. While this analysis does not capture the effects of local seasonal upwelling
events, it does capture gradual changes in carbonate chemistry in the Pacific Ocean’s surface seawater

as a result of continuous ocean uptake of CO,.

The deep ocean water being upwelled today is believed to reflect CO, generated by biological processes
in the ocean as well as CO, absorbed from the atmosphere 30 to 50 years ago, when that water was
last in contact with the atmosphere. Therefore, CO; conditions observed today are likely the byproduct
of atmospheric conditions around 1970, when CO; concentrations in the atmosphere were much lower
(DOE, 2012). As CO; concentrations have continued to climb, it is likely upwelled water will continue

to exhibit increased acidifying characteristics for decades to come.
1.4 Washington State Shellfish Economy

Shellfish aquaculture in Washington occurs in 12 of 39 counties. Figure 1 highlights those counties

actively engaged in shellfish aquaculture.












































































































