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OUTLINE

• Retrospective analysis of relationships between 
long-term variations in Far East salmon stocks and 
climate

• Projections of future climate
• Present variations in Far East salmon stocks
• Assessment of future salmon catch based on 

climate projections
• Summarizing and conclusion  



DATA

• Russian salmon catches (1911-2017): 1911-1986 – from 
Klyashtorin (2002) and Dynamics of (1986); 1987-2017 – from 
NPAFC Reports (www.npafc.org)
• Sea surface temperature datasets: monthly Reynolds OI.v2 
SST data (1982-2017) and ERSST v.3b (1856-2017) data from NOAA 
(www.esrl.noaa.gov/psd/data/gridded/ data.ncep.reanalysis.html)
• Climate projections were taken from different literary 
sources



Asian (top) and  North American (bottom) commercial catch 
(thousands of metric tonnes) of Pacific salmon by species

from 1925 to 2015



Total Russian salmon catch (t) and share of pink 
salmon (%) in total catch, 1911-2017
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Two periods of high salmon production in 
Russia and their association with winter 

SSTA in the NP

1982-2013

Warming
trend

Correlation patterns between salmon catches 
and mean winter SSTA field for two high salmon 

periods



Linear trend values (°С/year) of mean annual SST in th North Pacific for 
periods with different Far East salmon stock state

1982-2013

1946-1981 

1916-1945



Summary of Physical Part

(1) Effects of the North Atlantic climate variability on the winter North 

Pacific SST are realized via the teleconnection patterns over the 

Eurasian sector;

(2) There is an evidence of strengthening of the North Atlantic impact 

on the western NP since the late 1970s, associated with the eastward 

shift of the NAO centers. The shift to warmer SST regime in the 

western NP in the late 1980s corresponded well to shifts in the state of 

the Eurasian teleconnection patterns;

(3) Also, there is evidence of lagged response of the North Pacific on 

longitudinal shift in the NAO centers. And 



Salmon catch by Japanese and Russian vessels in the Russian 
EEZ (1) and Russian catches in the Far East coastal zone (2) in 

1956-2016, thousand tons

 



The 21st century changes in SSTContrasting futures for ocean and  
from different anthropogenic CO2 emissions.  All projected values represent ensemble mean 

values from the Coupled Model Intercomparison Project 5 [CMIP5] (Gattuso et al., 2015) 

Business-as-usual scenario RCP 8.5 Stringent emissions scenario

Mean summer (VII-X) SSTA in the Northern Hemisphere in 2014-2017

RCP 2.6



The first (A) and second (B) EOFs of SSTA field in 
the North Pacific in the XXI century. This 

projection is mean of calculations made by 10 
models of CMIP3  (Wang et al., 2010)



Global SST  anomalies
Changes in global SST in XXI century relative to 

1990-1999 for two CO2 emission scenarios

Gattuso et al., 2015 Tisdale, 2015

Tisdale, 2015



MULTI-DECADAL CHANGES IN GLOBAL AND REGIONAL TEMPERATURE 
ANOMALIES (Modified from Tisdale, 2015)



Figure 9 from AKASOFU (2010): On the recovery from the Little Ice Age. 

Natural Science, Vol. 2, No. 11, 1211-1224:



Dynamics of solar activity in 1610-2011 and its forecast up to 
2035, Wolf numbers

Hathaway, 2017

http://solarscience.msfc.nasa.gov

Shepherd et al., 2014



Long-term dynamics of total Pacific 
salmon catch (bold line) and
detrended Global dT (thin line)

The projected trend of total commercial 
catches (bold line) of Pacific salmon 
Oncorhynhus spp. with a 50 year future 
perspective. Thin line shows commercial 
catch; bold line shows predicted trend marked 
with standard deviation vertical bars

Long-range forecast of total Pacific salmon catches based on cyclic 
character of changes in their stock (Klyastorin and Lyubushin, 2007)



Periods of high salmon 

abundance in the 20th and early 

21st centuries began on 

ascending branches of multi-

decadal cycles and continued till 

they reach their maxima. So, we 

can expect the beginning of next 

salmon period around 2040.

SSTA in the NP (0-65°N, 110-260°E)

smoothed by 121-month filter

detrended SSTA

projection

The North Pacific SSTA and salmon periods

Salmon
Sardine



Difference of SSTA in May-June

1946-1981 minus 1916-1945 1982-2013  minus 1946-1981

1982-2013 minus 1916-1945



Some features of temperature field in the NP in 2007-2013

Mean winter (I-IV) SSTA, 2007-2011
Corr. catch to mean winter (I-IV) SSTA 

for 1982-2011

Mean SSTA in cold season (I-V)

in 2012-2013

Mean SSTA in warm season (VII-X)

in 2012-2013



SSTA patterns in the North Pacific in January-

April (a), May (b) and July-October (c), 2014

(а) (b)

(c)



Sea ice extent in the Bering Sea by 

April 29



Conclusion

• During the last 10 years there were very considerable variations in catch 
volumes of main Far East pink salmon stocks. After the peak catch of East 
Kamchatka stock of 182,000 t in 2011, and West Kamchatka stock of 165,000 t 
in 2012, their catches decreased substantially, respectively to 37,000 t in 2013 
and 8,200 t in 2014. In 2015, the East Kamchatka pink salmon catch rose again 
more than two times, up to 89,000 t, and the catch of West Kamchatka pink 
salmon in 2016 increased 9 times. Moreover, in 2016 there was a sharp increase 
in catch of even-year generation of  East Kamchatka pink salmon. During 
2011-2015 there was 4-fold decrease in odd-year generations of pink salmon off 
the East Sakhalin. 

• These wide variations in pink salmon catches, and in a broader context, in their 
stocks were associated with the above-mentioned changes in climatic 
conditions, which reflected the intensifying short-term variability in the NP 
climate. It may be supposed that the occurrence of short-term “heat” and 
“cold” waves will increase during the next decades. This will make difficult to 
project the state and catches of Far East salmons.



Thank you for attention


