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Summary  
The world’s climate has changed and human activities will continue to contribute to the 
acceleration of greenhouse gases and temperature rise. The major drivers of these changes on 
coastal hypoxia are increased temperature, altered hydrological cycles and shifts in wind 
patterns that might alter coastal currents. Increasing temperatures alone have the potential to 
strengthen stratification in coastal waters, but lower surface salinity (e.g., from increased 
freshwater runoff) would be more of a factor in stratifying the water column. The combination 
of increased nutrient loads (from human activities) and predicted increased freshwater 
discharge will aggravate the high loads of nutrients from the Mississippi River to the Gulf of 
Mexico, strengthen stratification (all other factors remaining the same), and worsen the hypoxia 
situation. Reduced precipitation, on the other hand, would lower the amount of nutrients and 
water reaching the coastal zone and, perhaps, lead to oligotrophication and reduced fisheries 
productivity, or perhaps alleviate hypoxia. The increase or decrease in flow, flux of nutrients 
and water temperature will have important, but as yet not clearly identifiable, influences on 
hypoxia. In anticipation of negative effects, nutrient loadings to coastal waters need to be 
reduced now, so that further water quality degradation is prevented. 

 
Introduction  
Deoxygenation in open ocean waters due to increased water temperature from global climate 
change is apparent around the world. However, low oxygen areas, sometimes known as ‘dead 
zones,’ have been known for decades in the coastal oceans and have increased in size and 
number during the last several decades.  Gilbert et al. (2010) concluded that the median oxygen 
decline rates in extensive datasets are more severe in a 30 km band near the coast than in the 
open ocean (> 100 km from the coast). Also, oxygen time series with negative oxygen trends are 
more prevalent in the coastal ocean than in the open ocean. The activities of humans in the 19th, 
20th and 21st centuries have resulted in many more areas of hypoxia than occurred historically 
and have aggravated conditions in areas that were already low in oxygen (Rabalais et al. 2010). 
The coastal ocean is an area of high primary and secondary productivity, but Hughes et al. 
(2015) clearly linked declining estuarine water quality in the form of worsening hypoxia to 
declines of fish diversity, reduced estuarine habitat suitability, and declines in offshore fisheries. 
The biogeochemical cycling of nitrogen, phosphorus and carbon are altered in the more reduced 
environments (Rabalais et al. 2014). The causes of coastal hypoxia point to the need for nutrient 
reduction (Fulweiler, Heiskanen and Rabalais 2012), but these issues are complicated in an 
overall treatment of human factors, including climate change. 
 
Materials and Methods  
The focus of this presentation is a conceptual model of how climate change and continued 
human activities that affect nutrient loads may affect hypoxia in the coastal ocean.  

 
Results and Discussion 
Based on current human population and the global need for fuel, food and fiber, the loads of 
nitrogen and phosphorus will continue to increase, unless measures are taken, such as change 
in diet, agricultural practices, fossil fuel burning, and wetland recreation. Climate change, on the 
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other hand, predicts a warming of the ocean and related hydrological and physical shifts both on 
land and at sea. 
 
The discharge is driven by weather. With increasing concentrations (human activities) and 
higher rainfall (climate) more water and nutrients will reach the coastal ocean. Eutrophication, 
noxious algae, and hypoxia will worsen in the case of greater rainfall under changing climate. If 
the rainfall decreases, oligotrophication will result (see figure, from Rabalais et al. 2010). 
 
Increasing air temperatures will lead 
to different climate change scenarios. 
Increasing surface water 
temperatures will strengthen 
stratification. Increasing surface 
water temperatures will hold less 
dissolved oxygen. Increasing surface 
water temperatures will increase 
rates of primary production as long 
as other factors do not become 
limiting and contribute to more 
carbon flux.  Higher phytoplankton 
biomass may increase respiration 
but the overall result will be increase 
in carbon production. Increasing water temperatures may lead to increased storminess that 
would aerate surface waters and offset decreasing saturation. There may be more frequent or 
more severe storms that temporarily aerate the water column. Shifting coastal currents may 
alleviate or aggravate hypoxia. 
 
As carbon flux increases, respiration increases, pCO2 increases, and pH decreases (acidification). 
As bottom-water dissolved oxygen decreases, the efflux of dissolved nutrients and hydrogen 
sulfide increases. Should increasing storminess result from increased water temperatures, more 
of the bottom-water dissolved constituents will be brought to the upper mixed later for indirect 
stimulation of primary production. If stratification is strengthened because of increased 
freshwater inflow or warming surface waters, these dissolved constituents will be retained in 
bottom waters, further aggravating hypoxia. 
 
The interaction of climate change with processes related to eutrophication and hypoxia may and 
likely will aggravate hypoxia, but there are several feedback mechanisms that will not likely 
contribute to worsening oxygen deficiency or counteract it. The prudent action to take is to 
reduce the loads of both nitrogen and phosphorus, because both limit the growth of 
phytoplankton in the coastal ocean (Turner and Rabalais 2013). 
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