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Introduction 9 

Three species of Pacific salmon (chinook, coho, and sockeye) return to the Columbia River 10 

watershed to spawn each year, dying soon after1. Their offspring then swim out to sea, returning 11 

in the spring and summer months, as adults, to spawn the next generation of salmon. However, 12 

as these anadromous fish prefer cold freshwater and require specific temperature conditions to 13 

thrive, fluctuations in these freshwater conditions can influence their population levels2. 14 

 15 

The migratory cycle and life history of these Pacific salmon populations heavily depend on 16 

particular water conditions, including water temperature and the timing and volume of riverflow. 17 

These two conditions influence the timing of salmon’s return to spawn more than air 18 

temperature or long-term natural climate fluctuations3. As climate change slowly warms the 19 

planet, temperatures will rise, precipitation patterns will change, and the timing and temperature 20 

of Columbia River flow will change, significantly affecting the future health of salmon populations 21 

spawning in the Columbia River. Indeed, in recent decades, Pacific salmon populations have 22 

declined, which has been closely linked to climate variability2.  23 

 24 

Salmon need specific water conditions to survive 25 

Salmon thrive in cold water and will avoid warm patches of water to maintain their body 26 

temperature4. The optimal water temperature for salmon to thrive is 12-14°C5. Swimming in 27 



 2 

warmer water requires salmon to expend additional energy to thermoregulate, reducing their fat 28 

stores and depleting the energy reserves needed to reach their spawning grounds. When water 29 

temperatures exceed a certain threshold, salmon will seek patches of colder water, and cannot 30 

tolerate temperatures exceeding 25°C5. This suggests that if temperatures in the Columbia 31 

River approach or exceed this threshold, the salmon population could be unable to reach their 32 

spawning grounds, thus limiting their ability to reproduce. 33 

 34 

Furthermore, juvenile salmon are extremely sensitive to mortality threats, including predation 35 

and environmental stressors. Varying temperatures of river water can affect the timing at which 36 

juveniles leave their freshwater environment for the ocean, potentially subjecting them to altered 37 

levels of predation6. These juveniles typically return at the same time each year, as adults, to 38 

spawn, and rely on predictable temperatures to effectively swim upstream to their spawning 39 

grounds.  40 

 41 

Climate change is affecting the water conditions 42 

Over the past few centuries, humans have significantly influenced the hydrologic cycle of the 43 

Columbia River. Water has been diverted for irrigation purposes, river flows have been altered, 44 

dams have been constructed for power and reservoirs, and the surrounding landscape has 45 

been deforested. All of these changes drastically affect the natural flow of water in the Columbia 46 

River and upend the cycling of sediments and nutrients7. However, more than any of these 47 

anthropogenic stressors, climate change stands to most significantly disturb the timing, flow, 48 

and temperature of the Columbia River. 49 

 50 

The Columbia is one of the largest rivers in the world and supplies the most water to the Pacific 51 

Ocean of any river in North or South America8. Its basin covers approximately 75% of the 52 

Pacific Northwest8, and its mountains receive 100-200 inches of snow each year9. Much of its 53 

flow comes from melting snowpack, which accumulates through the winter and gradually melts 54 
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in the spring. Yet Cohen et al. (2009) have determined that these spring flows have decreased 55 

11% since 1858 due to climate change10.  56 

 57 

These changes are primarily due to two factors: increased winter precipitation and warming 58 

temperatures11. Water flow in the Columbia River basin is primarily fed by melting snowpack. 59 

that slowly melts throughout spring, typically peaking in June. A warming climate results in 60 

increased temperatures and precipitation12, which means that more precipitation will fall as rain 61 

instead of snow. This rain flows straight into the Columbia River during the winter months and 62 

increases the rate at which existing snowpack melts. These altered precipitation patterns will 63 

affect water flow in the Columbia River basin, and peak flow could occur earlier in the season10. 64 

Total annual flow and minimum flow could also both decrease10. 65 

 66 

Climate change could increase the frequency and severity of droughts, possibly impacting the 67 

flow of the Columbia River downstream from its major dams. Additionally, the Columbia River is 68 

an important source of water and is sensitive to climate variability relating to drought.8 During 69 

drought conditions, water resource managers could keep a higher percentage of water in 70 

existing reservoirs, decreasing the allocated flow in the lower Columbia River, further 71 

decreasing water flow and increasing its temperature, since weaker downstream flows warm 72 

water more quickly.  73 

 74 

Altered water conditions affect salmon populations 75 

This problem is not unique to the Columbia River basin: all around the world, humans are 76 

stressing water basins and making them increasingly susceptible to climate change13. Even if 77 

climate variations produce few differences in winter precipitation, changes in temperature 78 

patterns will shift summer streamflow earlier in the season14. Bryant et al. (2009) have 79 

demonstrated that “increased winter precipitation may lead to more scouring and loss of 80 
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spawning habitat in redd-spawning salmonids”15, and that higher river temperatures might cause 81 

juvenile fish to prematurely return to the ocean at a time when food resources are scarce15. 82 

 83 

If salmon arrive to find warmer, weaker-flowing water, they will be stressed as they swim 84 

upstream to their spawning grounds, significantly decreasing their ability to reproduce. Fewer 85 

salmon successfully returning to their spawning grounds each year will severely threaten the 86 

ability of Pacific salmon species to survive. Additionally, unstable river conditions that cause 87 

juvenile salmon to enter the ocean at inopportune times could increase their mortality, further 88 

eroding the resilience of these species. Therefore, additional fluctuations in temperature and 89 

water flow make the future of these salmon populations extremely uncertain. 90 

 91 

Conclusion 92 

Climate change will impact the timing, temperature, and volume of water in the Columbia River 93 

basin. Salmon rely on these habitats to spawn their next generation of fish. While it is difficult to 94 

say exactly how these salmon populations will be affected by changing water conditions, 95 

predicting the life cycle, migratory patterns, and future growth of these species is extremely 96 

uncertain under variable future conditions16—which spells trouble for the three species of Pacific 97 

Salmon that spawn in the Columbia River watershed. Salmon can tolerate a range of 98 

temperature and water conditions, however, they prefer colder, faster-flowing waters. Human 99 

disturbances including the erection of dams and the clear-cutting of forests have already 100 

negatively impacted salmon habitat and life cycle and additional fluctuations in temperature and 101 

water flow due to climate change make the future viability of these salmon populations even 102 

more uncertain. However, considering that these temperature and flow conditions vary widely 103 

across the Columbia River watershed, additional study is needed to better understand the future 104 

effects of climate change on these salmon populations. 105 

 106 

  107 



 5 

References 108 

1. Columbia River Salmon, Pacific Northwest | Chinook Salmon. https://www.critfc.org/fish-and-109 

watersheds/columbia-river-fish-species/columbia-river-salmon/. 110 

2. Climate and Salmon Restoration in the Columbia River Basin: The Role and Usability of 111 

Seasonal Forecasts in: Bulletin of the American Meteorological Society Volume 78 Issue 3 112 

(1997). https://journals.ametsoc.org/view/journals/bams/78/3/1520-113 

0477_1997_078_0381_casrit_2_0_co_2.xml. 114 

3. Keefer, M. L., Peery, C. A. & Caudill, C. C. Migration Timing of Columbia River Spring 115 

Chinook Salmon: Effects of Temperature, River Discharge, and Ocean Environment. Trans. 116 

Am. Fish. Soc. 137, 1120–1133 (2008). 117 

4. Sauter, S., McMillan, J. & Dunham, J. Salmonid Behavior and Water Temperature. 118 

https://www.fs.fed.us/rm/pubs_other/rmrs_2001_dunham_j001.pdf 119 

https://www.fs.fed.us/rm/pubs_other/rmrs_2001_dunham_j001.pdf (2001). 120 

5. Brett, J. R. Temperature Tolerance in Young Pacific Salmon, Genus Oncorhynchus. J. Fish. 121 

Board Can. (2011) doi:10.1139/f52-016. 122 

6. Petersen, J. H. & Kitchell, J. F. Climate regimes and water temperature changes in the 123 

Columbia River: bioenergetic implications for predators of juvenile salmon. Can. J. Fish. 124 

Aquat. Sci. (2011) doi:10.1139/f01-111. 125 

7. Naik, P. K. & Jay, D. A. Distinguishing human and climate influences on the Columbia River: 126 

Changes in mean flow and sediment transport. J. Hydrol. 404, 259–277 (2011). 127 

8. Miles, E. L., Snover, A. K., Hamlet, A. F., Callahan, B. & Fluharty, D. Pacific Northwest 128 

Regional Assessment: The Impacts of Climate Variability and Climate Change on the Water 129 

Resources of the Columbia River Basin1. JAWRA J. Am. Water Resour. Assoc. 36, 399–420 130 

(2000). 131 

9. Climate and climate change | Northwest Power and Conservation Council. 132 

https://www.nwcouncil.org/reports/columbia-river-history/climate. 133 



 6 

10. Cohen, S. J., Miller, K. A., Hamlet, A. F. & Avis, W. Climate Change and Resource 134 

Management in the Columbia River Basin. Water Int. 25, 253–272 (2000). 135 

11. Hamlet, A. F. & Lettenmaier, D. P. Effects of Climate Change on Hydrology and Water 136 

Resources in the Columbia River Basin1. JAWRA J. Am. Water Resour. Assoc. 35, 1597–137 

1623 (1999). 138 

12. Rana, A. & Moradkhani, H. Spatial, temporal and frequency based climate change 139 

assessment in Columbia River Basin using multi downscaled-scenarios. Clim. Dyn. 47, 579–140 

600 (2016). 141 

13. Cosens, B. & Fremier, A. ASSESSING SYSTEM RESILIENCE AND ECOSYSTEM 142 

SERVICES IN LARGE RIVER BASINS: A CASE STUDY OF THE COLUMBIA RIVER 143 

BASIN. Ida. LAW Rev. 51, 35. 144 

14. Payne, J. T., Wood, A. W., Hamlet, A. F., Palmer, R. N. & Lettenmaier, D. P. Mitigating 145 

the Effects of Climate Change on the Water Resources of the Columbia River Basin. Clim. 146 

Change 62, 233–256 (2004). 147 

15. Bryant, M. D. Global climate change and potential effects on Pacific salmonids in 148 

freshwater ecosystems of southeast Alaska. Clim. Change 95, 169–193 (2009). 149 

16. McIlgorm, A. et al. How will climate change alter fishery governanceʔ Insights from 150 

seven international case studies. Mar. Policy 34, 170–177 (2010). 151 

 152 


