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Climate Change Impacts

•An international scientific body  
•Purpose: review and assess the relevant 

scientific, technical, socio-economic 
information relevant to climate change 

•Does not conduct research 
•Provide rigorous and balanced scientific 

information to decision makers.

IPCC - Intergovermental Panel on 
Climate Change



•Five Assessment Reports have been produced: 2014, 2007, 
2001, 1995, 1990. 

•Each report has 3 sections: (a) Physical science, (b) 
Impacts, adaptation and vulnerability, and (c) Mitigation.  
Each report ~ > 900 pp, summarizing 1000s of primary 
studies. 

•1000s of scientists worldwide contribute their work on a 
voluntary basis 

•Fifth Assessment report published 2014 

•> 800 authors were involved (including a number of 
scientists at UH Manoa)

IPCC - Intergovermental Panel on 
Climate Change

IPCC reports represent 
international scientific consensus

Read the synthesis report - The current & 
projected changes to Earth’s systems will 

dominate your adult life
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Introduction

This Synthesis Report is based on the reports of the three Working Groups of the Intergovernmental Panel on Climate Change 
(IPCC), including relevant Special Reports. It provides an integrated view of climate change as the final part of the IPCC’s 
Fifth Assessment Report (AR5).

This summary follows the structure of the longer report which addresses the following topics: Observed changes and their 
causes; Future climate change, risks and impacts; Future pathways for adaptation, mitigation and sustainable development; 
Adaptation and mitigation.

In the Synthesis Report, the certainty in key assessment findings is communicated as in the Working Group Reports and 
Special Reports. It is based on the author teams’ evaluations of underlying scientific understanding and is expressed as a 
qualitative level of confidence (from very low to very high) and, when possible, probabilistically with a quantified likelihood 
(from exceptionally unlikely to virtually certain)1. Where appropriate, findings are also formulated as statements of fact with-
out using uncertainty qualifiers.

This report includes information relevant to Article 2 of the United Nations Framework Convention on Climate Change 
(UNFCCC).

SPM 1.  Observed Changes and their Causes

Human influence on the climate system is clear, and recent anthropogenic emissions of green-
house gases are the highest in history. Recent climate changes have had widespread impacts 
on human and natural systems. {1}

SPM 1.1  Observed changes in the climate system

Warming of the climate system is unequivocal, and since the 1950s, many of the observed 
changes are unprecedented over decades to millennia. The atmosphere and ocean have 
warmed, the amounts of snow and ice have diminished, and sea level has risen. {1.1}

Each of the last three decades has been successively warmer at the Earth’s surface than any preceding decade since 1850. The 
period from 1983 to 2012 was likely the warmest 30-year period of the last 1400 years in the Northern Hemisphere, where 
such assessment is possible (medium confidence). The globally averaged combined land and ocean surface temperature 
data as calculated by a linear trend show a warming of 0.85 [0.65 to 1.06] °C 2 over the period 1880 to 2012, when multiple 
independently produced datasets exist (Figure SPM.1a). {1.1.1, Figure 1.1}

In addition to robust multi-decadal warming, the globally averaged surface temperature exhibits substantial decadal and 
interannual variability (Figure SPM.1a). Due to this natural variability, trends based on short records are very sensitive to the 
beginning and end dates and do not in general reflect long-term climate trends. As one example, the rate of warming over 
  
1 Each finding is grounded in an evaluation of underlying evidence and agreement. In many cases, a synthesis of evidence and agreement supports an 

assignment of confidence. The summary terms for evidence are: limited, medium or robust. For agreement, they are low, medium or high. A level of 
confidence is expressed using five qualifiers: very low, low, medium, high and very high, and typeset in italics, e.g., medium confidence. The follow-
ing terms have been used to indicate the assessed likelihood of an outcome or a result: virtually certain 99–100% probability, very likely 90–100%, 
likely 66–100%, about as likely as not 33–66%, unlikely 0–33%, very unlikely 0–10%, exceptionally unlikely 0–1%. Additional terms (extremely 
likely 95–100%, more likely than not >50–100%, more unlikely than likely 0–<50%, extremely unlikely 0–5%) may also be used when appropriate. 
Assessed likelihood is typeset in italics, e.g., very likely. See for more details: Mastrandrea, M.D., C.B. Field, T.F. Stocker, O. Edenhofer, K.L. Ebi, D.J. Frame, 
H. Held, E. Kriegler, K.J. Mach, P.R. Matschoss, G.-K. Plattner, G.W. Yohe and F.W. Zwiers, 2010: Guidance Note for Lead Authors of the IPCC Fifth Assess-
ment Report on Consistent Treatment of Uncertainties, Intergovernmental Panel on Climate Change (IPCC), Geneva, Switzerland, 4 pp.

2 Ranges in square brackets or following ‘±’ are expected to have a 90% likelihood of including the value that is being estimated, unless otherwise 
stated. What is happening?
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Figure SPM.1 |  The complex relationship between the observations (panels a, b, c, yellow background) and the emissions (panel d, 
light blue background) is addressed in Section 1.2 and Topic 1. Observations and other indicators of a changing global climate system. Observa-
tions: (a) Annually and globally averaged combined land and ocean surface temperature anomalies relative to the average over the period 1986 to 2005. 
Colours indicate different data sets. (b) Annually and globally averaged sea level change relative to the average over the period 1986 to 2005 in the 
longest-running dataset. Colours indicate different data sets. All datasets are aligned to have the same value in 1993, the first year of satellite altimetry 
data (red). Where assessed, uncertainties are indicated by coloured shading. (c) Atmospheric concentrations of the greenhouse gases carbon dioxide 
(CO2, green), methane (CH4, orange) and nitrous oxide (N2O, red) determined from ice core data (dots) and from direct atmospheric measurements (lines). 
Indicators: (d) Global anthropogenic CO2 emissions from forestry and other land use as well as from burning of fossil fuel, cement production and flaring. 
Cumulative emissions of CO2 from these sources and their uncertainties are shown as bars and whiskers, respectively, on the right hand side. The global 
effects of the accumulation of CH4 and N2O emissions are shown in panel c. Greenhouse gas emission data from 1970 to 2010 are shown in Figure SPM.2. 
{Figures 1.1, 1.3, 1.5}
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What is happening?

+0.76ºC ± 0.19ºC in past century

Earth surface temperature increase (global average)

Rate of temperature increase = increasing towards 
the present

What is happening?
Oceans are warming - largely in the upper 700m

T Increase 0.10 º C, 1961 - 2003, 0-700 m depth



What is happening?
Sea level  is rising
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data (red). Where assessed, uncertainties are indicated by coloured shading. (c) Atmospheric concentrations of the greenhouse gases carbon dioxide 
(CO2, green), methane (CH4, orange) and nitrous oxide (N2O, red) determined from ice core data (dots) and from direct atmospheric measurements (lines). 
Indicators: (d) Global anthropogenic CO2 emissions from forestry and other land use as well as from burning of fossil fuel, cement production and flaring. 
Cumulative emissions of CO2 from these sources and their uncertainties are shown as bars and whiskers, respectively, on the right hand side. The global 
effects of the accumulation of CH4 and N2O emissions are shown in panel c. Greenhouse gas emission data from 1970 to 2010 are shown in Figure SPM.2. 
{Figures 1.1, 1.3, 1.5}

Causes: 
1) Loss of land-based ice 
2) Thermal expansion

Waikiki, 2100: with 1-m SL rise

Star Bulletin, 9/23/07
http://www.soest.hawaii.edu/coasts/sealevel/BlueLineTour.html

Chip Fletcher - Geology & Geophysics, UHM
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What is causing it ?

Each finding is grounded in an evaluation of underlying evidence 
and agreement.

Assignment of confidence: extremely likely = 95–100%
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the past 15 years (1998–2012; 0.05 [–0.05 to 0.15] °C per decade), which begins with a strong El Niño, is smaller than the 
rate calculated since 1951 (1951–2012; 0.12 [0.08 to 0.14] °C per decade). {1.1.1, Box 1.1}

Ocean warming dominates the increase in energy stored in the climate system, accounting for more than 90% of the energy 
accumulated between 1971 and 2010 (high confidence), with only about 1% stored in the atmosphere. On a global scale, 
the ocean warming is largest near the surface, and the upper 75 m warmed by 0.11 [0.09 to 0.13] °C per decade over the 
period 1971 to 2010. It is virtually certain that the upper ocean (0−700 m) warmed from 1971 to 2010, and it likely warmed 
between the 1870s and 1971. {1.1.2, Figure 1.2}

Averaged over the mid-latitude land areas of the Northern Hemisphere, precipitation has increased since 1901 (medium  
confidence before and high confidence after 1951). For other latitudes, area-averaged long-term positive or negative trends 
have low confidence. Observations of changes in ocean surface salinity also provide indirect evidence for changes in the 
global water cycle over the ocean (medium confidence). It is very likely that regions of high salinity, where evaporation dom-
inates, have become more saline, while regions of low salinity, where precipitation dominates, have become fresher since 
the 1950s. {1.1.1, 1.1.2}

Since the beginning of the industrial era, oceanic uptake of CO2 has resulted in acidification of the ocean; the pH of ocean 
surface water has decreased by 0.1 (high confidence), corresponding to a 26% increase in acidity, measured as hydrogen ion 
concentration. {1.1.2}

Over the period 1992 to 2011, the Greenland and Antarctic ice sheets have been losing mass (high confidence), likely at a 
larger rate over 2002 to 2011. Glaciers have continued to shrink almost worldwide (high confidence). Northern Hemisphere 
spring snow cover has continued to decrease in extent (high confidence). There is high confidence that permafrost tempera-
tures have increased in most regions since the early 1980s in response to increased surface temperature and changing snow 
cover. {1.1.3}

The annual mean Arctic sea-ice extent decreased over the period 1979 to 2012, with a rate that was very likely in the range 
3.5 to 4.1% per decade. Arctic sea-ice extent has decreased in every season and in every successive decade since 1979, with 
the most rapid decrease in decadal mean extent in summer (high confidence). It is very likely that the annual mean Antarctic 
sea-ice extent increased in the range of 1.2 to 1.8% per decade between 1979 and 2012. However, there is high confidence 
that there are strong regional differences in Antarctica, with extent increasing in some regions and decreasing in others. 
{1.1.3, Figure 1.1}

Over the period 1901 to 2010, global mean sea level rose by 0.19 [0.17 to 0.21] m (Figure SPM.1b). The rate of sea level rise 
since the mid-19th century has been larger than the mean rate during the previous two millennia (high confidence). {1.1.4, 
Figure 1.1}

SPM 1.2  Causes of climate change

Anthropogenic greenhouse gas (GHG) emissions since the pre-industrial era have driven large increases in the atmospheric 
concentrations of carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) (Figure SPM.1c). Between 1750 and 2011, 
cumulative anthropogenic CO2 emissions to the atmosphere were 2040 ± 310 GtCO2. About 40% of these emissions have 
remained in the atmosphere (880 ± 35 GtCO2); the rest was removed from the atmosphere and stored on land (in plants and 
soils) and in the ocean. The ocean has absorbed about 30% of the emitted anthropogenic CO2, causing ocean acidification. 
About half of the anthropogenic CO2 emissions between 1750 and 2011 have occurred in the last 40 years (high confidence) 
(Figure SPM.1d). {1.2.1, 1.2.2}

Anthropogenic greenhouse gas emissions have increased since the pre-industrial era, driven 
largely by economic and population growth, and are now higher than ever. This has led to atmo-
spheric concentrations of carbon dioxide, methane and nitrous oxide that are unprecedented in 
at least the last 800,000 years. Their effects, together with those of other anthropogenic driv-
ers, have been detected throughout the climate system and are extremely likely to have been 
the dominant cause of the observed warming since the mid-20th century. {1.2, 1.3.1}

Modeling both natural and 
anthropogenic forcings

Attribution

(IPCC - AR4, 2007)

Modeling natural forcings 
only



What is causing it ?

Is global warming due to natural climate variability or 
anthropogenic forcing?

Anthropogenic forcing is required to simulate observations

What are the impacts ?
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What are the impacts ?
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N=29,000 data series.  89 - 100% show changes consistent with warming

Topic 1 Observed changes in climate and their effects

32

Figure 1.2.  Locations of significant changes in data series of physical systems (snow, ice and frozen ground; hydrology; and coastal processes) and
biological systems (terrestrial, marine, and freshwater biological systems), are shown together with surface air temperature changes over the period 1970-
2004. A subset of about 29,000 data series was selected from about 80,000 data series from 577 studies. These met the following criteria: (1) ending in 1990
or later; (2) spanning a period of at least 20 years; and (3) showing a significant change in either direction, as assessed in individual studies. These data
series are from about 75 studies (of which about 70 are new since the TAR) and contain about 29,000 data series, of which about 28,000 are from European
studies. White areas do not contain sufficient observational climate data to estimate a temperature trend. The 2 x 2 boxes show the total number of data
series with significant changes (top row) and the percentage of those consistent with warming (bottom row) for (i) continental regions: North America (NAM),
Latin America (LA), Europe (EUR), Africa (AFR), Asia (AS), Australia and New Zealand (ANZ), and Polar Regions (PR) and (ii) global-scale: Terrestrial
(TER), Marine and Freshwater (MFW), and Global (GLO). The numbers of studies from the seven regional boxes (NAM, …, PR) do not add up to the global
(GLO) totals because numbers from regions except Polar do not include the numbers related to Marine and Freshwater (MFW) systems. Locations of large-
area marine changes are not shown on the map. {WGII Figure SPM.1, Figure 1.8, Figure 1.9; WGI Figure 3.9b}
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What is happening to the ocean ?
• Climate change alters physical, chemical, and biological properties of the 

ocean (very high confidence)
• Vulnerability of most organisms to warming is set by their physiology, 

which defines their limited temperature ranges and hence their 
thermal sensitivity (high confidence).

• The warming-induced shifts in the abundance, geographic distribution, 
migration patterns, and timing of seasonal activities of species (very 
high confidence) have been and will be paralleled by a reduction in 
their maximum body size (medium confidence).

• By the mid-21st century, the spatial shifts of marine species will cause 
species richness to increase at mid- and high latitudes (high 
confidence) and to decrease at tropical latitudes (medium 
confidence), resulting in global redistribution of catch potential for 
fishes and invertebrates, with implications for food security (medium 
confidence).

What is happening to the ocean ?

• Open ocean NPP is projected to fall globally depending on RCP 
scenario (medium confidence).  The estimated decrease will occur by 
up to 9% by 2100 under the RCP8.5 business-as-usual climate 
scenario (relative to 1990, low confidence)

• Environmental drivers acting simultaneously on ocean biota* often lead 
to interactive effects and complex responses (high confidence). 



Projections of Surface T relative to 1980-99
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A1B

A2

Topic 3 Climate change and its impacts in the near and long term under different scenarios
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3.2.2 21st century regional changes

There is now higher confidence than in the TAR in projected
patterns of warming and other regional-scale features, in-
cluding changes in wind patterns, precipitation and some
aspects of extremes and sea ice. {WGI 8.2, 8.3, 8.4, 8.5, 9.4, 9.5,
10.3, 11.1}

Projected warming in the 21st century shows scenario-indepen-
dent geographical patterns similar to those observed over the past
several decades. Warming is expected to be greatest over land and
at most high northern latitudes, and least over the Southern Ocean
(near Antarctica) and northern North Atlantic, continuing recent
observed trends (Figure 3.2 right panels). {WGI 10.3, SPM}

Snow cover area is projected to contract. Widespread increases
in thaw depth are projected over most permafrost regions. Sea ice
is projected to shrink in both the Arctic and Antarctic under all
SRES scenarios. In some projections, Arctic late-summer sea ice
disappears almost entirely by the latter part of the 21st century. {WGI
10.3, 10.6, SPM; WGII 15.3.4}

It is very likely that hot extremes, heat waves and heavy pre-
cipitation events will become more frequent. {SYR Table 3.2; WGI
10.3, SPM}

Based on a range of models, it is likely that future tropical cy-
clones (typhoons and hurricanes) will become more intense, with
larger peak wind speeds and more heavy precipitation associated
with ongoing increases of tropical sea-surface temperatures. There
is less confidence in projections of a global decrease in numbers of
tropical cyclones. The apparent increase in the proportion of very

intense storms since 1970 in some regions is much larger than simu-
lated by current models for that period. {WGI 3.8, 9.5, 10.3, SPM}

Extra-tropical storm tracks are projected to move poleward, with
consequent changes in wind, precipitation and temperature patterns,
continuing the broad pattern of observed trends over the last half-
century. {WGI 3.6, 10.3, SPM}

Since the TAR there is an improving understanding of projected
patterns of precipitation. Increases in the amount of precipitation
are very likely in high-latitudes, while decreases are likely in most
subtropical land regions (by as much as about 20% in the A1B sce-
nario in 2100, Figure 3.3), continuing observed patterns in recent
trends. {WGI 3.3, 8.3, 9.5, 10.3, 11.2-11.9, SPM}

3.2.3 Changes beyond the 21st century

Anthropogenic warming and sea level rise would continue
for centuries due to the time scales associated with climate
processes and feedbacks, even if GHG concentrations were
to be stabilised. {WGI 10.4, 10.5, 10.7, SPM}

If radiative forcing were to be stabilised, keeping all the radia-
tive forcing agents constant at B1 or A1B levels in 2100, model
experiments show that a further increase in global average tem-
perature of about 0.5°C would still be expected by 2200. In addi-
tion, thermal expansion alone would lead to 0.3 to 0.8m of sea
level rise by 2300 (relative to 1980-1999). Thermal expansion would
continue for many centuries, due to the time required to transport
heat into the deep ocean. {WGI 10.7, SPM}

Atmosphere-Ocean General Circulation Model projections of surface warming

Figure 3.2. Left panel: Solid lines are multi-model global averages of surface warming (relative to 1980-1999) for the SRES scenarios A2, A1B and B1,
shown as continuations of the 20th century simulations. The orange line is for the experiment where concentrations were held constant at year 2000 values.
The bars in the middle of the figure indicate the best estimate (solid line within each bar) and the likely range assessed for the six SRES marker scenarios
at 2090-2099 relative to 1980-1999. The assessment of the best estimate and likely ranges in the bars includes the Atmosphere-Ocean General Circulation
Models (AOGCMs) in the left part of the figure, as well as results from a hierarchy of independent models and observational constraints.
Right panels: Projected surface temperature changes for the early and late 21st century relative to the period 1980-1999. The panels show the multi-AOGCM
average projections for the A2 (top), A1B (middle) and B1 (bottom) SRES scenarios averaged over decades 2020-2029 (left) and 2090-2099 (right). {WGI
10.4, 10.8, Figures 10.28, 10.29, SPM}

A2
A1B
B1
Year 2000 constant
concentrations
20   century

What are the impacts on 
biological systems?

Direct Effects - Changes in ocean temperature or chemistry that 
alter organismal physiology, behavior, or population dynamics 
(reproduction, mortality)

➡ Can lead to changes in size structure or abundance of organisms, 
and food web structure and species interactions

Indirect Effects - Changes to the physical environment that can also 
influence biological processes
➡ F.x.  Water column stratification and nutrient import, indirect 

effect on primary production
➡ Oxygen saturation and availability  



Direct effects: Coral bleaching

After GBRMPA, 2008

Direct effects: Coral 
bleaching

Increasing severity 
and frequency of 
bleaching events

- Due to warming 
ocean conditions
- Chronic source of 
stress for corals
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Poor Water Quality 

Overfishing 

Crown of Thorns 

+°C - Bleaching 

Overfishing 

Crown of Thorns Disease 
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-pH: Acidification 

Integrated Stressors 
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Direct effects: Range shifts
Organisms change their distribution to track suitable habitat
Example: Zooplankton moving poleward at 23 km per year

(Hays et al 2005; Beaugrand et al 2002)

Indirect effects:  Decreasing primary 
production in warming waters

(Behrenfeld et al. 2006)

areas of 
increasing 

SST = Areas 
of decreasing 

primary 
production

Time span: 1999-2004



Indirect effects: Habitat loss
Oxygen availability, vertical habitat compression, and fishing pressure 

Billfish getting compressed in a narrow near-surface layer, greater 
susceptibility to surface fishing pressure

LETTERS

NATURE CLIMATE CHANGE DOI: 10.1038/NCLIMATE1304
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Figure 2 | Eastern Atlantic dissolved oxygen and habitat changes. a, Depth of the 3.5 ml l�1 dissolved oxygen surface (m) on 1 January 2010. b, Average
vertical change of the 3.5 ml l�1 dissolved oxygen surface 1960–2009 (m yr�1: blue deepening). c, Dissolved oxygen change (ml l�1 yr�1) at the depth of
the 3.5 ml l�1 surface in 2010. d,e, Summed area of sorted grid points by depth of the 3.5 ml l�1 dissolved oxygen level for the region shown in b (d) and the
corresponding average habitat loss relative to the surface over the cumulative area due to the change in d (e).

Tropical pelagic tunas and billfishes exhibit a high-performance
physiology17, including exceptionally high rates of somatic and
gonadal growth, digestion, and rapid recovery from exhaustive
exercise. These energy-consuming expenditures require large
amounts of oxygen15,17. Direct oxygen tolerance measurements
for adult billfishes are not available, although one juvenile
sailfish (Istiophorus platypterus) study indicated high oxygen
consumption and typical metabolic rates associated with tropical

tunas19. These high-oxygen-demand species also share obligate ram
ventilation respiration, large gill surface and intolerance to low
ambient dissolved oxygen15,17,20,21. Here, we consider the plausible
hypothesis that these species have oxygen limitations that impact
vertical habitat use.

A major consequence of habitat compression is increased
vulnerability to overfishing by surface fishing gear8,9. As most
Atlantic billfishes and tunas are at least fully exploited, if not
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Expansion of oxygen minimum zones may reduce
available habitat for tropical pelagic fishes
Lothar Stramma1, Eric D. Prince2*, Sunke Schmidtko3†, Jiangang Luo4, John P. Hoolihan5,
Martin Visbeck1, DouglasW. R. Wallace1,6, Peter Brandt1 and Arne Körtzinger1

Climate model predictions1,2 and observations3,4 reveal
regional declines in oceanic dissolved oxygen, which are
probably influenced by global warming5. Studies indicate
ongoing dissolved oxygen depletion and vertical expansion of
the oxygen minimum zone (OMZ) in the tropical northeast
Atlantic Ocean6,7. OMZ shoaling may restrict the usable
habitat of billfishes and tunas to a narrow surface layer8,9. We
report a decrease in the upper ocean layer exceeding 3.5ml l�1

dissolved oxygen at a rate of1myr�1 in the tropical northeast
Atlantic (0–25� N, 12–30� W), amounting to an annual habitat
loss of ⇠5.95 ⇥ 1013 m3, or 15% for the period 1960–2010.
Habitat compression and associated potential habitat loss was
validated using electronic tagging data from 47 blue marlin.
This phenomenon increases vulnerability to surface fishing
gear for billfishes and tunas8,9, and may be associated with
a 10–50% worldwide decline of pelagic predator diversity10.
Further expansion of the Atlantic OMZ along with overfishing
may threaten the sustainability of these valuable pelagic
fisheries andmarine ecosystems.

Dissolved oxygen is critical for sustaining most marine animal
life.When dissolved oxygen is minimized, widespreadmortality11,12
or avoidance13 of affected areas can result. OMZs in the eastern
tropical seas represent the largest contiguous areas of naturally
occurring hypoxia9 in the world’s oceans. In the present climate
change cycle, characterized by anthropogenic CO2 emissions2 and
global warming, these areas are expanding and shoaling3,12,14. Pos-
sible consequences of OMZ expansion to the marine ecosystem14

include loss of vertical habitat for high-oxygen-demand tropical
pelagic billfishes and tunas and the associated increased risk of
overfishing of these species by surface fishing gear8,9.

Large-scale expansion of OMZs over the past 50 years3 poses
a challenge for predicting impacts to pelagic fish stocks and
their ecosystem. Although oceanographic modelling and ocean
observations for retrospective analyses are useful for examining
past trends, understanding future OMZ expansions and the
concurrent impacts on billfish and tuna populations is essential
for preventing overfishing. We analysed recent hypoxia data
associated with OMZ expansion in the eastern tropical Atlantic
(ETA) to examine possible habitat loss of the near-surface
layer. We also present vertical habitat use data of Atlantic blue
marlin (Makaira nigricans) monitored with electronic tags (Fig. 1).
Changes in habitat use were validated by maximum daily depths

1Leibniz Institute of Marine Sciences IFM-GEOMAR, Düsternbrooker Weg 20, 24105 Kiel, Germany, 2National Marine Fisheries Service, Southeast
Fisheries Science Center, 75 Virginia Beach Drive, Miami, Florida 33149, USA, 3National Oceanic and Atmospheric Administration, Pacific Marine
Environmental Laboratory, 7600 Sand Point Way NE, Seattle, Washington 98115, USA, 4Rosenstiel School of Marine and Atmospheric Science, University
of Miami, 4600 Rickenbacker Causeway, Miami, Florida 33149, USA, 5Cooperative Institute for Marine and Atmospheric Studies, Rosenstiel School for
Marine and Atmospheric Science, University of Miami, 4600 Rickenbacker Causeway, Miami, Florida 33149, USA, 6Canada Excellence Research Chair,
Oceanography Department, Dalhousie University, Halifax, Nova Scotia B3H 4R2, Canada. †Present address: School of Environmental Sciences, University
of East Anglia, Norwich NR4 7TJ, UK. *e-mail: eric.prince@noaa.gov.

Figure 1 | Blue marlinM. nigricanswith an electronic tag used to monitor
horizontal and vertical habitat use. As one of the largest teleosts in the
Atlantic that grows to nearly 1,000 kg, this high-oxygen-demand tropical
pelagic fish requires dissolved oxygen levels �3.5 ml l�1. Photo courtesy of
B. Boyce (http://www.savethefish.org/gallery_bill_boyce.htm).

(MDDs), whereby increasingly deeper exploration was evident
outside the OMZ (where dissolved oxygen remains elevated),
when compared with inside the OMZ (where dissolved oxygen
decreases with depth).

Here, habitat loss associated with OMZs (termed hypoxia-based
habitat compression) is characterized as the diminishing of the
oxygenated shallow surface mixed layer above a threshold of cold
hypoxic water. As a reference benchmark, we defined the OMZ
as the areas where subthermocline dissolved oxygen levels are
3.5ml l�1 (⇠150 µmol kg�1; ref. 8) with regard to this species
grouping15–17. This threshold has been reported8,9,16,17 as a plausible
lower habitat boundary for billfishes, tropical tunas and other
tropical pelagic fishes, but occasional short-duration deeper dives
occur9. Although dissolved oxygen requirements of individual
species vary depending on their mode of respiration, metabolic and
physiological requirements18, dissolved oxygen levels 3.5ml l�1

may induce stress symptoms reaching lethality over prolonged
exposure for high-oxygen-demand billfishes and tunas15,19, thus
potentially restricting their depth distribution to the oxygenated
near-surface layer8,9.
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(Stramma et al 2012)

Oxygen minimum zone (OMZ)

• Warming leads to reduced 
dissolved oxygen levels and 
expansion of OMZ

• 15% reduction in habitat for 
billfish/tuna

Atlantic oxygen minimum zone 

The future of our world is:

• warmer (1.8 - 4 deg C warmer)
• higher sea level (ca. 1 m by 2100)
• wetter in the tropics, drier in the subtropics

• higher intensity of precipitation 

• higher frequency, intensity of storms

• ice-free in the Arctic in summer - region with 
greatest warming

• less diverse (biodiversity)

• more full of people



What are the projected impacts?

All coral reefs bleached

most conservative projection

High risk of extinction of polar bear

Coral reefs extinct: reefs 
overgrown with algae

Predicted extinction of 15-40% of 
endemic species

Major extinctions worldwide

IPCC 2007

Questions ?


