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Acidity is so important when considering the chemistry of the ocean because reactions 

that are necessary for life to flourish are very sensitive to even the smallest changes in pH levels. 

Marine species are incredibly dependent on a stable level of acidity in order to develop correctly. 

The H+ molecules released from carbonic acid have a tendency to bind with carbonate (CO3
-2), 

which is essential to make calcium carbonate (CaCO3) shells.37 Calcium carbonate is made by 

shell-building animals when they combine a calcium and a carbonate ion from the water, which 

releases carbon dioxide and water in the process. Calcium and hydrogen both tend to bond with 

carbonate molecules, but hydrogen’s stronger attraction to carbonate makes calcium carbonate 

more difficult to obtain. When two hydrogen ions bond with a carbonate, a bicarbonate (2HCO3-) 

molecule is formed38 and is both useless and detrimental to shell-building animals because it 

disposes of a carbonate ion with no productive result. This bicarbonate bonding process is 

illustrated in Figure 639: 

 

                                                
37 "Ocean Acidification", 2014, Ocean Portal | Smithsonian. 
38 "Ocean Acidification", 2014, Ocean Portal | Smithsonian. 
39 “Ocean Acidification”, 2017, Pmel.Noaa.Gov.   
http://www.pmel.noaa.gov/co2/story/Ocean+Acidification (accessed February 27, 2017). 

Figure 6: The consumption of carbonate ions impedes calcification 
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 If an animal is able to build a skeleton in more acidic water, the increased effort required 

takes away from other necessary processes like reproduction and negatively impacts the 

population. If there is an excess of H+ molecules in the water and nothing for them to bond with 

it is possible for the hydrogen to dissolve shells that already exist in order to make more CO3
-2 

molecules readily available.40  

 The pH of the ocean naturally fluctuates and as such, many organisms are well adapted to 

cope with these changes. However, very few are equipped to handle any kind of extreme change 

in pH and the current trend in the rise of acidity will likely lead to mass extinctions. Coral reefs 

are the most diverse ecosystems in the ocean and are greatly affected by changes in acidity. 

Coral animals depend on calcium carbonate to craft their reef systems, which also provide shelter 

for a plethora of other species. The larvae have difficulty finding a well-suited site to settle 

because of the increased acidity and consequently do not reach adulthood as often as a 

population should. Erosion of coral reefs is a natural phenomenon that results from storms or 

animals eating the coral. Acidification places an unnatural strain on corals by corroding the pre-

existing skeletons and slowing the growth of new ones.41 The resulting weaker reefs are 

incredibly vulnerable to erosion and it is projected that by 2050 reefs that are healthy under 

normal chemical conditions will be eroding at a rate faster than they can rebuild.42 The 

disappearance of coral reefs has a profound impact on the animals that live and feed there and as 

a result disrupts many species of higher trophic levels. 

 Shelled animals depend on their ability to construct calcium carbonate exoskeletons in 

order to survive. Similar to corals, animals such as mussels, clams, urchins, and starfish have 

                                                
40 "Ocean Acidification", 2014, Ocean Portal | Smithsonian. 
41 "Ocean Acidification", 2014, Ocean Portal | Smithsonian. 
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difficulty constructing shells in more acidic water. A popular export of the New Zealand fishing 

market, the rock lobster experiences shell loss because of acidification, too. Urchins and starfish 

depend on high-magnesium calcite to build their shell-like exteriors, which is dissolved even 

more quickly than the aragonite form of calcium carbonate that is used by corals.43 Due to their 

weaker shells in higher acidity these organisms are much more easily eaten by predators. 

Furthermore, the aragonite shells of pteropods (tiny sea snails) are already dissolving in the 

Southern Ocean where New Zealand is located due to a phenomenon where more acidic water 

rises from the deep sea to the surface, hastening the effects of acidification. Mussels’ and 

oysters’ survival is completely dependent on their ability to grow protective shells, which is why 

it is so harmful that by the end of the century these animals are expected to grow 25% and 10% 

less shell, respectively.44 With less carbonate molecules available in more acidic water oyster 

larvae fail to even begin growing their shells and are left far too vulnerable to survive in their 

ecosystem; massive oyster die-offs have already occurred because of this.45 Beyond shell 

construction, mussels’ byssal threads, which they use to anchor themselves to rocks, do not hold 

as well in acidic water46, making it more difficult to survive in their natural habitat.  

 In marine ecosystems such as those found of the coasts of the New Zealand islands, 

corals and shell-building animals are abundant and necessary members in the overall function of 

the ecosystem. As such, ecosystems like these are much more at risk from ocean acidification 

than those with higher percentages of fish or plant life. 

 Zooplankton are a necessary part of many marine ecosystems and these tiny creatures are 

also critical in the carbon cycle and in removing carbon from the water by storing it in their 
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shells. When they perish and sink to the ocean floor, their calcium carbonate shells dissolve and 

are deposited as sediment for eventual use by other shell-building animals.47 Due to their high 

reproduction rate, zooplankton can normally adjust to rising acidity in the water. However, with 

current rates of pH decrease and the rising average ocean temperature, the organisms are not 

adjusting well to strained conditions. Without zooplankton, virtually every animal in a higher 

trophic level would be unable to sustain itself.  

 At the very base of every marine food chain are plants and algae. Unlike other species in 

the ocean the increase in acidity has reflected an increase in reproduction rates for many 

seagrasses. However, the heightened rate of pollution as a byproduct of carbon-emitting 

processes is causing population decline that cannot be compensated for with the growth boost 

from acidification.48 Certain species of algae, specifically coralline, build calcium carbonate 

skeletons and help support coral reefs are becoming negatively affected by acidification. The 

shells built by coralline species are made from a high-magnesium calcite form of calcium 

carbonate that is significantly more soluble than aragonite. In certain cases acidifying conditions 

can cause coralline algae to cover up to 90% less area49, making space for non-calcifying algae 

that tends to smother and damage coral reefs. These organisms are essential to the food chain of 

the ecosystems they live in and their die-off could cause a domino effect up to the apex 

predators. 

 Per a conservation biology study50 conducted using an ecosystem model for the southern 

coast of New Zealand’s north island the effect of acidification on different marine populations 
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marine protection on a temperate coastal ecosystem", Conservation Biology 29, no. 1: 207-215, Environment 
Complete, EBSCOhost (accessed September 16, 2016). 
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was assessed. The mortality rate due to acidification was greatest with abalone, a shell-building 

animal, and mobile invertebrate herbivores. These two groups’ productivity was also greatly 

affected by the acidification trends when compared to other species. The abalone suffered as a 

result of less carbonate ions being available to build their shells with and the mobile invertebrate 

herbivores had higher competition for the plants they normally eat. Larger effects of ocean 

acidification were recorded in the higher trophic levels because of the considerable increase in 

competition for food as resources lower in the food chain become scarce. Overall, the effects of 

acidification tend to be species specific; if a species depends on carbonate availability or feeding 

on animals affected by acidification there will be a higher resulting mortality rate. 

 Ocean acidification thus affects many organisms throughout multiple levels of any given 

food chain. Carbon beginning its cycle in the atmosphere has the potential to cause species die-

off by chemically claiming precious carbonate ions in the waters. When assessed on a strictly 

chemical level, it is undeniable that human actions are the root of this climate change problem. 

Through simple gas exchange the entirety of the world’s oceans become more at risk every day 

for ecosystem collapse. Coral reefs are considered the most diverse ecosystems on the planet and 

because of the high percentage of shell-building organisms that make them up, coral reefs are 

also the most at-risk ecosystems as a result of acidification. The very delicate balance of 

interactions within an ecosystem like this also exposes it to higher risk because the die-off of one 

organism that fulfills multiple roles, whether as prey or through ecosystem construction, could 

cause the disabling of the whole ecological mechanism. As the chemistry of the ocean continues 

to change it becomes increasingly difficult for animals to adapt because they are already suited to 

thrive in the conditions that should be standard. Especially since the ocean is normally at a basic 

pH level, any peaks in acidification border on deadly; saltwater fish could never live in 
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freshwater and sodium levels aside, that is the pH level the oceans will be approaching in the 

coming century. From algae all the way up the food chain to apex predators, there is truly no 

species that is not at risk from acidification. 

 

Chapter 3: GDP from the Sea  

The economy of any nation is heavily dependent upon the natural resources available 

within the country’s EEZ. Regarding New Zealand, the EEZ contains mostly the waters of the 

Pacific and Southern Oceans, which has led to an economy that thrives on marine goods. 

Oceanic animals play into the New Zealand economy through the ecosystems services they 

provide, namely as a food source. Along with the threats from acidification alone, fishing is 

affecting the prosperity of certain populations and making the process of population loss more 

rapid than it would be from climate change alone. The economic mitigation of fisheries and 

carbon storage has a promising future, but presently it is proving very difficult to implement 

techniques that neither benefit nor harm any single stakeholder too drastically.  

When assessing the economic structure and well-being of a country, it is pertinent to 

understand the history and policies that developed the nation to that specific point. Following 

World War II, global trade agreements excluded agriculture from trade liberalization, which 

disadvantaged New Zealand’s economic development.51 Consequently, New Zealand faced 

higher restrictions with all tradable goods since agricultural products comprised a considerable 

portion of their exports. In 2006, the entrance of more developing countries into the global 

economic arena served as a catalyst for more relaxed trade restrictions.52 This loosening of 
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policy was spearheaded by China, a major importer of New Zealand goods. As a result, New 

Zealand has since been able to grow their agricultural sector without the limitations of high trade 

tariffs.  

 The primary sector, or sector that produces raw materials, of New Zealand’s economy is 

comprised of agriculture, forestry, fishing, and mining. Fishing accounts for 13% of the total 

primary sector GDP and is an essential part of the overall economy.53 This production structure 

is very interesting for a higher-income country because the land is relied on slightly more than 

manpower as a source of wealth. Due to land and animal stock both being finite resources, 

commodity prices in the primary sector are expected to rise in the future. This will occur in a 

linear trend with global and domestic population increase. Although only 10% of the workforce 

employed in the agricultural sector benefits from the increased prices in the short-run, 

commodity prices eventually benefit the wider economy through local spending and taxes paid to 

the government.54 Local smaller fishers who supply more directly to the market than larger 

corporations do will reap benefits from the higher commodity price of seafood, which will trickle 

down to other parts of local economy through these parties’ spending.  As such, the agricultural 

sector will continue to be an important facet of the New Zealand economy. 

Over the years, the fishing sector in New Zealand has shown short-term vulnerability to 

factors outside of its control.55 Some of these factors include international demand, tension 

between commercial and non-commercial fishers, the poaching of high-value species, and a lack 

of industry cohesion. The increasing international demand for fresh seafood has increased the 
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overall demand on the fishing market; China has a growing middle class of 120 million people 

and is a main consumer for the fish exported from New Zealand. Furthermore, a divide has 

begun to develop between commercial and non-commercial fishers, which stems from the 

inherent competition the two entities have within the market. Along with increased fishing rates, 

population decline is further caused by the high poaching rates amongst rock lobster and paua, 

two shell-building animals that are important within the fishing economy. These rates are so 

substantial that it is estimated that the amount of paua poached each year is equivalent to its total 

allowable catch (TAC) amount.56 Finally, a lack of industry cohesion is driven by the 

individualistic nature of fishing entities and is a main driver for the difficult predictability and 

stability of the fishing sector in New Zealand.57 

The poaching of a species such as paua is incredibly problematic in an EEZ such as New 

Zealand’s because this animal is very susceptible to the shell-hindering consequences of 

acidification. According to New Zealand’s national fishery database, adult-sized paua (> 125 

mm) are not well-represented in fishery catches.58 This is a result of the larger paua being 

removed prematurely from populations in order to sell their shells, which are highly-desired for 

jewelry, home décor, and countless other souvenirs. When the matured organisms are removed, 

the rate of reproduction is hindered and it becomes increasingly difficult for these paua 

populations to compensate for the individuals removed by legal catches. These reproduction 

roadblocks are only further exasperated by acidification rendering a portion of young paua 

unable to build their shells, thus being unable to make it to adulthood and successfully reproduce 
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themselves. In a healthy population, there should not be such a disparity between the amount of 

young and mature individuals. This inverse logistic can be seen in Figure 759: 

 

Figure 7: The exponential (MPD 2.2) and inverse logistic (MPD 2.4) models for paua at annual increments of 
growth 

In addition to increased population loss from poaching, the lack of cohesion in any 

market is challenging. In many global economies that have natural resource stock making up 

their GDP, Individual Transferable Quotas (ITQs) are often used to mitigate the amount of stock 

that can be depleted during a fiscal year. Essentially, the TAC is divided among the operating 

fisheries, which allows them to buy and sell catching rights so that an efficient distribution of the 

TACs amongst fisheries is achieved.60 As the ITQ system gained momentum worldwide as a 

way for countries to mitigate their economy, New Zealand adopted the practice in the 1990s to 
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avoid major consolidation within the commercial fishing industry. Although widely popular, one 

critique of this system is that the market power tends to be given to the larger fisheries that can 

afford to buy more quotas, thus driving the smaller fisheries out of the market. This has the 

potential to be harmful to the market and all its players by creating the conditions for an 

oligopoly and allowing firms to drive their prices up as alternative buying sources decrease.61 

This consolidation of power should be avoided at all costs because the barring of new fisherman 

entering the market would in turn hurt more rural communities that depend on this locally-

sourced food. In an ideal economy, all firms would operate cohesively to achieve the maximum 

amount of welfare for themselves and the consumers. 

 Per a study conducted on the distribution of ITQs in the New Zealand economy, there 

was found to be strong evidence of market consolidation.62 In general, the top export fish 

reflected the most significant occurrence of consolidation. A very popular New Zealand product 

is the rock lobster, which, as previously discussed in Chapter 2, is strongly affected by ocean 

acidification.63 If the market power for such a species lies with larger fisheries that have the 

capability to overfish and affect populations more than smaller fisheries, this will only hasten the 

population decline. 

 The future of the New Zealand economy is incredibly dependent on scientific 

advancements. Since agriculture makes up a significant portion of the country’s welfare, 

researchers are seeking to improve the efficiency of this sector through biotechnology.64 Also, 
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the market price for natural commodities is much more volatile than the market price for 

manufactured goods, so theoretically being able to manufacture food would create a more 

stabilized market.65 The development of artificially-sourced meats and crops has created a much 

more reliable way to produce a food source. Aside from the direct ethical and environmental 

concerns with this, biotechnology could restructure the entirety of New Zealand’s agricultural 

sector. With farmers being replaced by machination and scientists, more strain could be placed 

on the fishing industry by consumers who prefer fresh-caught seafood over artificial meat, 

assuming biotechnology will eventually dominate this industry. Aside from early adopters of this 

new food source, the tendency for consumers to be wary about something as novel as artificial 

meat and plants would make for a very gradual adoption rate. Those unwilling to fully depend on 

this artificial meat source will most likely consume more seafood, thus raising the demand for 

the quantity fished. Such a behavioral shift would have a profound impact on the marine 

populations already threatened by overfishing, rising ocean temperature, and acidification. 

 Within the relatively small New Zealand economy, the threat of marine population 

decrease from fishing and acidification is an affordable issue and within the control of the 

government. However, on a global level, acidification mitigation is a much more complicated 

issue. Considering the amount of the world’s population dependent on the ocean’s ecosystem 

services for livelihoods (10%-12%) and the mass of food produced by marine populations (160 

million tons of fish), the health of the oceans should be a pertinent investment for global 

leaders.66 An option to slow the trend of acidification is offshore carbon capture and storage 

(CCS), which mitigates the climactic problem by storing excess CO2 emitted by humans 
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underneath the seabed, thus producing a slower acidification rate than if the greenhouse gas was 

released directly into the atmosphere. For this option to be feasible, it must make economic sense 

regarding how much the process would cost relative to the amount acidification could cost the 

global economy. Per a study conducted on the cost-benefit analysis of this offshore storage, it 

was calculated that at least 60% of all CO2 capture and storage should take place offshore as 

opposed to onshore.67 At this level of offshore CCS, it is more economically efficient to store as 

much carbon as possible because lower levels of storage produce a higher cost per ton of CO2 as 

a result of externalities such as acidification. This specific abatement rate versus cost can be seen 

in Figure 868: 
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Figure 8: Emissions abatement from offshore CCS versus costs 
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The global economy, like New Zealand, relies heavily on the ocean’s ecosystem services. 

This method of offshore CCS is one of numerous techniques being discussed to mitigate the 

effects of acidification. Economics is pertinent when discussing any of these solutions because 

regardless of how impactful an environmental issue may be, unless it is monetarily feasible and 

sensible to solve it, other issues will be funded first and foremost. In the case of offshore CCS, it 

is unlikely that this solution will be adopted for a majority of emissions because the countries 

that can afford to implement the system are not situated in regions as highly affected by 

acidification; developing nations in warmer climates that rely heavily on manufacturing to make 

up GDP cannot afford these technologies. There needs to be more mitigation on the national 

level to defend marine life from threats like acidification and overfishing. 

 Though the commercial fishing industry creates a massive amount of jobs and allows 

New Zealand to export their unique marine goods, the ocean is also important to the economy 

because of recreational fishing. Recreational fishing is a substantial industry in New Zealand, 

benefitting retailers, boat builders, tackle manufacturers, suppliers, marinas, motels, restaurants, 

charters, media, and more. Each year, hundreds of thousands of fishers from across the globe 

travel to New Zealand to sow the unequivocally bountiful waters surrounding the country. Each 

year, approximately $946 million (NZD) is spent by international and domestic fishers. This 

money goes on to circulate throughout the New Zealand economy and supports 8,100 jobs and 

stimulates $1.7 billion (NZD) in total economic activity.69 Among New Zealand natives, 

recreational fishing is the fifth most popular recreational activity; if the industry was listed on the 
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New Zealand Stock Exchange the direct spending by anglers would put it amongst the top 40 

companies.70 

 As far as international markets go, tourist spending in New Zealand specifically within 

the recreational fishing sector has a high growth potential. In 2014 alone, 109,000 international 

tourists participated in recreational fishing during their time in New Zealand. Of this total, 

39,000 hired a charter boat for their fishing and an average of $2,800 (NZD) was spent by 

visiting fishers per trip. From tourists alone, $89 million (NZD) is spent on marine fishing 

activities annually, which adds $68 million (NZD) to the nation’s GDP and supports 1,100 full-

time jobs within the industry.71 With the wealth of natural resources New Zealand has been 

endowed with, these numbers have the potential to grow significantly and have done so since 

2005, with the exception of the 2009 recession. This trend can be seen in Figure 972: 

 

 

 As the rates of tourism for recreational fishing increase, it becomes even more important 

that mitigation of commercial and recreational fishing is effective. With a rising global 
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Figure 9: Amount of international visitors saltwater fishing per year (2005-2014) 
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population and New Zealand tourism rate, the demand for fish from both sectors will continue to 

rise in the future, possibly straining ecosystems beyond repair. Furthermore, three of the most 

popular recreationally fished species, snapper, kahawai, and blue cod, are all from higher trophic 

levels within their marine ecosystems.73 As such, a population decrease for these fish is likely to 

result in the overpopulation of smaller fish, leading to decimation of production-level organisms 

such as sea grass. This would lead to total ecosystem collapse should those population trends 

continue uncorrected.  

 Within the fishing sector of the economy acidification has a direct impact because of the 

low levels of available carbonate molecules, which causes an upward pattern of population 

decline throughout the trophic levels. This makes fish stock more limited, placing strain on 

alternative species. Indirectly, acidification affects the economy by making island nations such as 

New Zealand less attractive to tourists when popular game fish are no longer able to be caught in 

the volume that they previously were. Both the commercial and recreational fishing industries 

within New Zealand provide the country with a multitude of jobs and a considerable amount of 

GDP. In a nation who’s economic well-being is so closely tied to oceanic health, it would be 

sensible to invest in acidification mitigation techniques such as offshore CCS. Unfortunately, 

many powerful countries do not have the same level of marine reliance New Zealand does, and 

therefore not a strong vested interest. It is because of these mixed international interests that 

acidification solutions become so difficult to enact. If an investment doesn’t make economic 

sense for all players, it is highly unlikely to be initiated.   

 Accounting for future trends in the increase in global population, food and tourism will 

only grow in their dependence on the ocean. This trend is not exclusive to New Zealand, but to 
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any nation whose economy has even the slightest percentage of GDP from marine ecosystem 

services. The combination of fishing, both commercial and recreational, and poaching of certain 

species significantly increase the risk of population decimation that is already on the horizon 

from ocean acidification. Paua and rock lobster are just the beginning of this population decline; 

as certain species become close to elimination from certain areas other organisms will be sought 

to replace them in the market. Within the next decade, reforms on these mitigation techniques 

and policies will have to take place to cope with the exponential growth in demand to be placed 

on the ocean. However, with the lucrative nature of the fishing industry, effective mitigation 

without costing the nation too much from their GDP is incredibly difficult. Referencing New 

Zealand as a contained, yet scalable model, the projections of growing demand on commercial 

and recreational fishing industries can be applied to understand the broad scope in which 

acidification affects the overarching economy. 

 

Chapter 4: Politics for Protection 

 In a competitive global marketplace, it is becoming increasingly difficult for nations to 

find the balance between environmental well-being and economic prosperity in regards to 

environmental mitigation policies. Although it is a much smaller and greener nation than most, 

New Zealand still struggles with the same plight as larger countries. As such, New Zealand’s 

main environmental policies focuses on the management and sustainability of fisheries, as well 

as limiting emissions from production whenever possible.  

Managing fisheries in an efficient way becomes a huge undertaking for policy makers 

and policies are still largely based on the Fishery Act of 1996. This document outlines all laws 

dealing with recreational and commercial fishing as they exist in New Zealand. The Fishery Act 
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is very encompassing in its discussion of fishery issues and the protection of certain threatened 

species, but the fact that it was drafted prior to acidification being recognized as the threat to 

ecosystems that it is today proves to be problematic. Its main intended purpose is “to provide for 

the utilization of fisheries resources while ensuring sustainability”.74 Most pertinent to the 

acidification issue are the sustainability methods included, which allow the Minister of the 

Environment to adjust allowable catch amounts at any time depending on an existing need within 

a marine ecosystem.75 This means that any stock or area being fished could be made off limits to 

commercial and recreational fishers for the amount of time deemed necessary to make the stock 

or area prosperous again. The main implication with this measure in the Fisheries Act is that the 

Minister of the Environment must ensure that the limitation of the stock or area does not impede 

any previous resource management efforts or preexisting economic regulations. As such, it 

becomes very difficult for the Minister to effectively monitor and restore these ecosystems 

because the marine EEZ is lucrative as a whole entity and excluding certain ecosystems from the 

economy, even for a short time, would lead to the overexploitation of others.  

The management of fisheries has proven to be as much a responsibility of businesses as it 

is of the government. However, the seeming lack of cohesion between this policy and the actual 

business practices of larger fisheries and poachers undermines the intended impact of the policy. 

It becomes nearly impossible for the Minister to adjust sustainability measures such as TAC and 

allowable size of fish if accurate catch data is not being supplied or reported. With the 

development of marine sciences over the past decade, this information has become more 

available, but for a policy as thorough and optimistic as this to work on a national level, a certain 
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standard must be expected from each industry that interacts with the environment in some 

capacity. As such, limiting emissions becomes a much more reliable way to measure the impact 

certain parties have on environmental health.  

New Zealand’s natural resource policy agenda must be more expansive and 

encompassing than other nations because of how many natural resources are contained in the 

country’s EEZ. In the early 2000s, issues with climate change were the most prominent natural 

resource issue and culminated with the creation of the nation’s emissions trading scheme 

(ETS).76 A popular way to mitigate the emission of carbon within a country has been the trading 

of carbon credits. Popularized by the Conference of Parties (COP) in 2012, more than 30 

countries agreed to cap greenhouse gas emissions under the second commitment period (CP2) of 

the Kyoto Protocol, which spans from 2013 through 2020.77 In 2008 the New Zealand 

government established an ETS that dealt with all areas of the economy and included all six 

greenhouse gases outlined in the Kyoto Protocol.78 Less than a year after the enactment, the 

recent legislation was altered by a newly elect government in order to alleviate any fears of price 

increases from the scheme that businesses, agricultural, and consumer groups had vocalized. 

Though the legislation would still eventually include all sectors and all greenhouse gases, the 

entry of many sectors into the scheme was delayed, government support for participants through 

the allocation of emissions units was increased, and participants’ obligations were reduced.79 

These alterations to the scheme allowed higher levels of greenhouse gas emissions in New 
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Zealand and along with the country’s unique emissions profile and political climate made it 

increasingly difficult to implement effective climate change policy. Furthermore, the fact that 

New Zealand’s EEZ is primarily oceanic landscape requires any policies enacted to deal with not 

only the more tangible climate change impacts on the islands, but the more abstract ones taking 

place in the ocean, namely acidification from the massive amount of carbon allowed to be 

emitted.   

 As with any country, New Zealand’s level of emissions has increased in recent decades. 

From 1990 to 2008 there was been a 63.2% national increase in giga-tons of CO2 being emitted, 

which has been reflected by the increasing rate of forest land being converted for agricultural 

needs. The growing meat and dairy sectors are the highest emitting sectors within the agriculture 

industry. Subsequently, agriculture accounts for 47% of New Zealand’s total emissions profile, 

an amount that is well above a developed country’s average agricultural addition to total 

emissions (8%).80 Since the emissions from agriculture are heavily dependent on weather effects, 

it is difficult to predict the emissions trend from year to year, enhancing the difficulty of 

implementing effective policies to deal with them.  

 The sheer market power of New Zealand’s agriculture entails many stakeholders that 

would be discontented with any policy changes that could limit the amount of money they can 

potentially gain. The original ETS of 2008 placed grand expectations on the lowering of 

agricultural emissions levels, expectations that could realistically only be achieved by producing 

less agricultural goods. The keystone lobbying group for the 2008 legislation was Federated 

Farmers, who capitalized on the monetary benefit the agricultural sector brought to the country 

as a means to justify the emissions caused from their actions. The group focused their opposition 

                                                
80 David Bullock, 2012, "Emissions trading in New Zealand: development, challenges and design 
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on two main arguments: the imposition of emissions obligations on farmers would cause them to 

be less competitive in a global market where not every farmer has the same obligations and that 

these obligations should only be expected when there are viable prospects for emissions 

reduction available.81 As a result of strong lobbying efforts, the agricultural sector was granted a 

longer grace period with the abridged 2009 ETS and now serves as a prime example that some 

agents have the ability to be potentially destructive within carbon market discourse. 

The compromise reached between policy makers and the agricultural opposition was that 

agriculture would not be fully included in the NZ ETS until 2015, a full two years later than it 

would have under the original 2008 plan based on the low abatement options within the 

agricultural sector and to uphold consistency with Australia’s Climate Change Response 

(CPRS).82 This uniformity was essential for the agreement between government and the 

Federated Farmers because a gripe of the farming lobbyists was that they should not be upheld to 

a standard that other countries were not expecting of their agricultural sector. As such, this 

amendment put New Zealand on the same plane as its more economically robust neighbor. This 

concern over competitiveness led to the freer allocation of emissions units in 2009 when 

compared to 2008. Starting in 2015 agricultural emitters receive a 90% free allocation per unit of 

production, a rate that will decrease by 1.3% each year and allowing the sector’s emissions to be 

subsidized by the government for 80 years.83 This approach taken to reduce agricultural 

emissions within the NX ETS, though beneficial for firms within this specific industry, has 

proven to be very ineffective by creating a policy perception that emission from agriculture are 

too difficult to effectively mitigate. Consequently, there has not been the push for emission-
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reducing innovations within the country that was originally intended by the 2008 ETS. Other 

countries have been utilizing and developing this technology, making New Zealand agriculture 

producers less competitive in an unforeseen way. 

New Zealand made the decision to exclude itself from the large-scale emissions reduction 

target of the Kyoto Protocol and instead became emission trade partners with powerful global 

players such as the United States, Canada, China, and Russia. The implication of entering an 

international emissions trading agreement is that each country acts as a policing force to ensure 

that no single country is polluting too freely.  These participants in New Zealand’s emissions 

trading scheme (NZ ETS) are now able to surrender both domestic NZ emission units (NZUs) or 

Kyoto carbon units to offset the greenhouse gas emissions produced by their activities.84 This has 

resulted in an unlimited number of international carbon credits to be surrendered, which has 

decreased the liquidity and credibility of the domestic market for credits. Under the NZ ETS, 

there is no strong incentive for New Zealand to decrease its own emission levels or fund 

innovation for cleaner technologies. The decreasing price of the credits over time can be seen in 

Figure 1085: 
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Figure 10: The price of certified emission reductions (CER) and New Zealand emission units (NZUs) (2010-
2013) 

 The dropping price of NZUs benefits the agricultural sector to such an extent that it has a 

positive correlation with an increase of sector-specific emissions, as well as a rise in overall 

greenhouse gas emissions within this same range of years (2013-2010). While the agricultural 

sector was able to produce more and make a greater contribution to the nation’s prosperity, it 

was also able to freely emit during this time. This timeframe followed the 2009 amendment to 

the ETS, so the agricultural sector was still not held to a reduction obligation by the policy. Such 

a trend in greenhouse gas emissions can be seen in Figure 1186:  

                                                
86 Ministry for the Environment, "New Zealand's Greenhouse Gas Inventory 1990-2013", Snapshot April 2015, 
April 1, 2015. 
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Figure 11: New Zealand's greenhouse gas emissions (1990-2013) 

 
Presently, the NZ ETS, though flawed, is still the most promising policy that is viable in 

the current global economy. However, its flawed design is a strong political challenge to a more 

dynamic carbon market. Low carbon prices within New Zealand have failed to provide incentive 

for investment in clean energy technology and afforestation.87 The policy could be augmented by 

an ambitious cap program, which would need to include the agricultural sector that accounts for 

45% of New Zealand’s greenhouse gas emissions.88 The improvement of the domestic cap 

program is hindered by international involvement, but the disconnect from international credits 

could result in a shortage of carbon credits for New Zealand in the short-run, which could 

adversely affect production levels. Any improvements to the NZ ETS, as well as any other 

national environmental policy, will be decided by politics. 
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As time progresses and the impacts from climate change are becoming more apparent, 

world governments are forced to include ecosystem services considerations into their policies. In 

the case of New Zealand, the implementation of regional mitigation councils ensures the 

protection of these services, which include food sources in the ocean.89 Also, the business 

community has found it pertinent to begin preservation and involvement with the ecosystem 

services to not only ensure protection of these natural systems, but also that the resources 

necessary for their income will continue to be available. However, though these management 

approaches are formally incorporated into planning documents, the process is not usually easily 

carried out. Decision makers must be able to justify the integration of any policy that either 

directly or indirectly affects business matters. As such, environmental protection on a national 

level becomes a battle between degradation and monetary statistics. The anthropogenic nature of 

ecosystem services means there are many stakeholders interested in preserving them, but just as 

many needing to exploit them in order to further their own well-being.  

A very interesting and precarious relationship thus arises between the ecosystems of the 

ocean and the “business as usual” way in which New Zealand conducts certain policies. The 

agricultural sector, which is heavily dependent on the well-being of the natural world in order to 

prosper, is the largest single culprit of emitting greenhouse gases when compared to all other 

industries in New Zealand. These greenhouse gases adversely affect numerous natural systems, 

but most pertinently further along rates of ocean acidification. In 2013 alone, the agricultural 

sector of New Zealand produced approximate 40 metric tons of CO2, which is more than the 

industrial and waste sectors combined emitted.90 If these emissions rates were to continue, the 
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level at which the agricultural sector is producing to result in these emissions will surpass the 

efficient level, having a negative impact on economic well-being. This creates an incredibly 

unclear issue for policy makers and unfortunately what the favored party in a policy is decided 

by is who holds more market power. The meat and dairy conglomerates in New Zealand are 

market giants who have far more political pull than any fisher does. As such, their terrestrial 

interests will be considered more than the marine stakeholders’. Moving forward, it will become 

more necessary for the longevity of the ocean’s ecosystem services to be considered if New 

Zealand wants to remain the competitive producer the nation has been striving to be.   

 

Chapter 5: Conclusion – Raising Expectations to Lower Acidity 

Although reversing environmental degradation should be done for the sake of protecting 

the natural world, many policy makers need other motivation. The scientific explanations of the 

environmental processes being affected are necessary to have irrefutable support for new 

policies, but economic implications will most likely be the driving force behind any policy 

changes. The language of money is universal, so presenting the climate change issue of 

acidification as a costly form of degradation will appeal to more policy makers than the 

environmental ramifications would. Finally, political systems are key in passing any policies or 

regulations, so understanding how to best work in this arena depending on a country’s structure 

is key. Due to its unique emissions and economic profile, New Zealand cannot base its policies 

on other countries’ models, but rather must pave the way for itself and other island nations 

attempting to remain prosperous in an increasingly damaged world.  Taking into consideration 

the scientific, economic, and governmental components that have cause New Zealand to be 

measurably affected by acidification, policy change must come from all three of these 
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disciplines. Using climate change statistics to push for the research and development of carbon-

reducing technologies, voluntary sustainable business policies, and government intervention, 

effective policy implementation within New Zealand can be achieved. 

 Across the globe nations are now calling for higher standards as far as emissions and 

general production processes are concerned. The use of environmental indicators are being used 

more frequently to monitor environmental quality and human well-being, the most useful of 

which being the genuine progress indicator (GPI).91 The GPI is the combination of a country’s 

GDP (Gross Domestic Product) and other benefits not included in market transactions, with any 

harmful environmental and social costs deducting from the overall progress.92 By using the GPI 

as a measure of achievement, emphasis is shifted from solely economic success and pushes a 

nation to be more well-rounded in its efforts to be prosperous. Regarding New Zealand’s fishing 

policies this progress indicator will be essential to account for the environmental cost of 

acidification.  

 Effectively conveying environmental costs from acidification in a concrete manner, it 

will be more difficult for New Zealand policy makers and business leaders alike to ignore the 

importance of ocean health. As previously stated in Chapter 3, commercial and recreational 

fishing, as well as agriculture in general, add a significant amount of wealth to the nation’s GDP. 

As a result, the GDP and other benefits from these industries not included in market transactions, 

such as jobs created and the increased appeal of New Zealand to international tourists, would be 

high on the GPI. However, since this index factors environmental health into success, industry 

and government would be able to quantify how much the environmental degradation resulting 

                                                
91 G. Miller and Scott Spoolman, “Chapter 23: Economics, Environment, and Sustainability”, Living in the 
Environment, 17th ed. (Belmont, CA: Brooks/Cole, 2012), 621. 
92 G. Miller and Scott Spoolman, “Chapter 23: Economics, Environment, and Sustainability”, Living in the 
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from businesses’ actions detracts from the country’s overall progress. The goal of using the GPI 

is to emphasize that GDP and other benefits aren’t as valuable as many parties believe they are if 

they occur at a high environmental cost. As a result, the use of the GPI in measuring the well-

being of a country should serve as a call to action for cleaner technology, better business 

practices, and stronger government policy.  

As noted in Chapter 1, the rate at which the global ocean temperature is rising and pH is 

decreasing will only quicken in the coming years, with profound and irreversible ecosystem 

degradation occurring before the end of the century. In recent decades, this unavoidable truth has 

driven the innovation of cleaner technologies. However, more must be done in the research and 

development of these technologies to significantly slow the rate of climate change the earth is 

experiencing presently. Creating as many clean energy alternatives available as possible would 

allow more industries to be able to take initiative with reducing emissions and the overall impact 

production has on atmospheric carbon levels. If more technology were to become available at a 

competitive price, no industry would be able to argue itself exempt from becoming more 

environmentally-friendly like the agricultural industry did in the 2009 amended ETS (Emissions 

Trading Scheme) discussed in Chapter 4. Furthermore, the increase in technology would ease the 

adoption of environmental policies in the future as degradation from acidification becomes a 

larger issue globally. 

Aside from industry-specific innovations, researching and developing an effective CCS 

(carbon capture and storage) system would significantly decrease atmospheric carbon emissions 

on a global level. Currently, the cost of the offshore CCS system is too high to justify the method 

being used on a large scale, but development of a more affordable offshore CCS method, or a 

different CCS technique all together, would make a bigger difference in global carbon levels 
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than separate industry innovations would. However, this is a huge undertaking for any one 

country to be singularly responsible for and would require the cooperation of numerous countries 

to make a realistic method possible. 

In addition to augmenting production techniques and incentivizing technological 

innovation overall, clean technologies support economic competition. Since 2009, clean business 

practices have gained a lot of value in the social sphere and companies that emphasize their 

commitment to environmental health have an increased societal value. Generally, businesses that 

have strong Corporate Social Responsibility (CSR) measures tend to be more profitable than 

those that do not.93 This can be attributed to the idea that consumers are more likely to dedicate 

their patronage to an organization that reflects the values they find important. Bearing this 

concept in mind, it could prove to be profitable for more New Zealand businesses to adopt 

voluntary sustainable business policies. An example of such a policy that is common with larger 

corporations would be the dedication of a certain percentage of sales to aiding environmental 

efforts. Referencing the fishing industry specifically, some proceeds from fish sales could be put 

towards replenishing commercial fish stocks or towards the organizations that conduct research 

and analyze the data for commercially-fished species. This would not only benefit the 

businesses’ reputation, but also strengthen the cohesion between government and business 

interests. In a country where economy and business are so dependent on natural resources, it is 

especially pertinent that businesses take a vested interest in preserving the raw material sector to 

the best of their ability.  

                                                
93Christopher C. Baughn, Nancy L. Bodie, and John C. McIntosh, 2007, "Corporate social and environmental 
responsibility in Asian countries and other geographical regions", Corporate Social Responsibility & 
Environmental Management 14, no. 4: 189-205, Environment Complete, EBSCOhost (accessed May 7, 2017). 
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Besides voluntarily adopting more sustainable business policies, industry leaders could 

also make a commitment to not support the buying or selling of products that are sourced from 

the poaching of any species. Concerning marine life, this would be especially meaningful with 

paua, as the annual poaching rates nearly double the number of animals obtained by legal means. 

By depriving these illegal markets of a percentage of their customer base, the poaching of paua 

would hopefully become less attractive. If combined with stronger law enforcement, the risks 

needed to be taken by poachers to collect paua would not be justified by a monetary pay out. 

Also, by decreasing the quantity of paua available within the market, the value of each sample 

would be driven up, making the selling of this animal even more lucrative to the businesses that 

do so legally, which would benefit New Zealand’s overall GDP.  

The entity with the most power to cause real change in the effects of acidification is the 

New Zealand government. One type of policy that could be imposed is an incentive-based 

mechanism that fines or taxes fisheries for removing more than the TAC (total allowable catch) 

of a species or individuals that have not yet reached maturity. This policy would need to be 

enforced with more stringent monitoring of all commercial fishers within New Zealand’s EEZ 

(Exclusive Economic Zone). Since commercial fishing makes up such a significant portion of the 

country’s primary sector GDP, this policy has the risk of fisheries opting not to comply, 

subsequently reporting false catch data. A way to avoid this flaw with the incentive-based 

approach would be to also implement a reward system for fisheries that consistently file reports 

and adhere to TACs and fish size minimums. Tax breaks could be used for this and would not 

cost the government too much in tax revenue. The key aspect of this policy that would ensure its 

success would be more manpower in terms of having inspectors able to randomly check in on 

fisheries to make it more difficult for false data to be reported. 
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 In addition to an incentive-based policy for large commercial fisheries, the Minister of 

the Environment could have it within their power to close off areas of the EEZ to fishers for 

certain periods at a time. This could be done on a rotating schedule or as need arises based on the 

species that inhabit the area. Since this would be very similar to the existing sustainability 

measures within the Fishery Act of 1996 it would not be difficult to implement. By allowing 

certain ecosystems to rebuild and replenish themselves on a regular basis the longevity of the 

fishing industry would be ensured. Also, these areas would have time to become more full of life 

by not having key species exploited by fishers, which would result in more fish stock in the long-

run.  

 While the policies outlined here are specific to New Zealand and are not scalable to 

larger, more developed countries, the problems resulting from acidification and ocean warming 

are more universal. Atmospheric carbon levels will indubitably rise in the coming century, 

putting a plethora of species at risk and degrading most the world’s coral reefs beyond repair. A 

country like New Zealand that is so economically dependent on the ocean recognizes these 

consequences more quickly than a larger country in a different climactic zone could because the 

New Zealand economy is so inextricably linked to the ocean’s health. In this sense, New Zealand 

serves as somewhat of an economic ‘indicator species’; the country is highly vulnerable to 

climate change and is an example of how other countries’ environmental health will eventually 

be impacted by the same forces. As marine warming and carbon emissions trends continue to 

rise, no country will be left unaffected by these climate change implications. It is imperative for 

nations to implement preemptive policies to protect the largest natural resources in the world. By 

synthesizing carbon-reducing technologies, voluntary sustainable business practices, and strong 

environmental policies, industry and government can successfully mitigate the climate change 
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risks associated with ocean acidification and temperature rise. To avoid profound adverse effects 

on economic prosperity and environmental well-being, the world cannot hesitate to act. 
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