
 
 

 

 

 

Supplemental Material 
 

 

 

© Copyright 2020 American Meteorological Society 

Permission to use figures, tables, and brief excerpts from this work in scientific and 

educational works is hereby granted provided that the source is acknowledged. Any use 

of material in this work that is determined to be “fair use” under Section 107 of the U.S. 

Copyright Act or that satisfies the conditions specified in Section 108 of the U.S. 

Copyright Act (17 USC §108) does not require the AMS’s permission. Republication, 

systematic reproduction, posting in electronic form, such as on a website or in a 

searchable database, or other uses of this material, except as exempted by the above 

statement, requires written permission or a license from the AMS. All AMS journals and 

monograph publications are registered with the Copyright Clearance Center 

(http://www.copyright.com). Questions about permission to use materials for which AMS 

holds the copyright can also be directed to permissions@ametsoc.org. Additional details 

are provided in the AMS Copyright Policy statement, available on the AMS website 

(http://www.ametsoc.org/CopyrightInformation). 

http://www.ametsoc.org/PUBSCopyrightPolicy
http://www.copyright.com/
http://www.ametsoc.org/CopyrightInformation


 

1 

Supplemental Material for 

Sea Surface Salinity change since 1950: Internal Variability versus 

Anthropogenic Forcing 

 

Qiwei SUN,a,b Yan DU,a,b,c* Shang-Ping XIE,d Yuhong ZHANG,a,c Minyang WANG,a,b 

Yu KOSAKAe 

 

a State Key Laboratory of Tropical Oceanography, South China Sea Institute of 

Oceanology, Chinese Academy of Sciences, Guangzhou, China 

b College of Earth and Planetary Sciences, University of Chinese Academy of Sciences, 

Beijing, China 

c Southern Marine Science and Engineering Guangdong Laboratory, Guangzhou, China 

d Scripps Institution of Oceanography, University of California San Diego, La Jolla, 

California, USA 

e Research Center for Advanced Science and Technology, University of Tokyo, Tokyo, 

Japan 

 

*Corresponding author: Yan Du (duyan@scsio.ac.cn) 

 

  

mailto:duyan@scsio.ac.cn


 

2 

Abstract 

Using an eastern tropical Pacific pacemaker experiment called the Pacific Ocean–

Global Atmosphere (POGA) run, this study investigated the internal variability in sea 

surface salinity (SSS) and its impacts on the assessment of long-term trends. By 

constraining the eastern tropical Pacific sea surface temperature variability with 

observations, the POGA experiment successfully simulated the observed variability of 

SSS. The long-term trend in POGA SSS shows a general pattern of salty regions 

becoming saltier (e.g., the northern Atlantic) and fresh regions becoming fresher, which 

agrees with previous studies. The 1950-2012 long-term trend in SSS is modulated by 

the internal variability associated with the Interdecadal Pacific Oscillation (IPO). Due 

to this variability, there are some regional discrepancies in the SSS 1950–2012 long-

term change between POGA and the free-running simulation forced with historical 

radiative forcing, especially for the western tropical Pacific and southeastern Indian 

Ocean. Our analysis shows that the tropical Pacific cooling and intensified Walker 

Circulation caused the SSS to increase in the western tropical Pacific and decrease in 

the southeastern Indian Ocean during the 20-year period of 1993–2012. This decadal 

variability has led to large uncertainties in the estimation of radiative-forced trends on 

a regional scale. For the 63-year period of 1950–2012, the IPO caused an offset of ~40% 

in the radiative-forced SSS trend in the western tropical Pacific and ~170% 

enhancement in the trend in the southeastern Indian Ocean. Understanding and 

quantifying the contribution of internal variability to SSS trends help improve the skill 

for estimates and prediction of salinity/water cycle changes. 
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Introduction  

This supporting information provides the supplemental figures which are not shown in 

the main article. 

 

Figure Captions 

Figure S1. Annual mean distributions of SSS in (a) POGA simulation, (b) EN4, (c) 

ISHII and (d) ORAS4 datasets for 1993-2012. 

Figure S2. Annual mean distributions of P minus E in (a) GPCP/OAFlux datasets and 

(b) ERA-Interim products for 1979-2017. (c)-(d) same as (a)-(b), but for P minus E 

1993-2012 20-yr linear trend. 

Figure S3. Annual mean distributions of (a) POGA SST, (b) OISST, (c) POGA P minus 

E and (d) GPCP Precipitation minus OAFlux evaporation for 1993-2012. 

Figure S4. Same as Figure 1, but for POGA and EN4 EOF1 and EOF2 for 1900-2014. 

The correlation of PC1 and PC2 between POGA and EN4 is 0.72 and 0.77, respectively. 

Figure S5. Regression of (a) ERSST (℃) and (b) POGA SST (℃) upon the POGA SSS 

PC1 during 1861-2014. 

Figure S6. (a) Time series of Nino 3.4 SST (gray line), the 7-year smoothed IPO index 

(black line), and the principal component time series of the first EOF mode in POGA 

SSS (purple line, with red line for the 7-year running-mean). (b) 7-year smoothed 

GMST anomalies in HadCRUT (black line) and POGA (red line), superimposed on the 

principal component time series of the second EOF mode of SSS in POGA (purple line) 

and HIST (gray line). All normalized beforehand. 

Figure S7. The average of the first EOF modes obtained individually from ten members 

of (a) POGA SSS and (b) HIST SSS (PSS-78). (c) The 7-year smoothed principal 

component time series of SSS in individual ensemble members of POGA (gray lines) 
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and their average (red line); (d) is the same as (c), but for HIST. 

Figure S8. Same as Figure 3, but for (a)-(c) EN4 and ISHII (gray dots and red solid line) 

and (d)-(f) EN4 and ORAS4 (gray dots and red solid line) datasets. 

Figure S9. Same as Figure 3, but the 7-year smoothed time series of the EN4, POGA, 

and HIST, based on mean of SSS gridded products rather than SSS in-situ profile data. 

Figure S10. Same as Figure S8, but the 7-year smoothed time series of the EN4, ISHII, 

and ORAS4, based on mean of SSS gridded products rather than SSS in-situ profile 

data. 

Figure S11. (a) EN4 and (b)ISHII SSS (in PSS-78) 1973-1992 20-yr linear trend. 

Figure S12. Time series of POGA (red line), HIST (black line), EN4 (green line), and 

ISHII (blue line) 7-year smoothed SSS anomalies in the western Pacific warm pool for 

waters warmer 28.5 ℃ to be compared with Cravatte et al. (2009).  



 

5 

Figures 

 

Figure S1. Annual mean distributions of SSS in (a) POGA simulation, (b) EN4, (c) 

ISHII and (d) ORAS4 datasets for 1993-2012.  



 

6 

 

Figure S2. Annual mean distributions of P minus E in (a) GPCP/OAFlux datasets and 

(b) ERA-Interim products for 1979-2017. (c)-(d) same as (a)-(b), but for P minus E 

1993-2012 20-yr linear trend.  
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Figure S3. Annual mean distributions of (a) POGA SST, (b) OISST, (c) POGA P minus 

E and (d) GPCP Precipitation minus OAFlux evaporation for 1993-2012.  
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Figure S4. Same as Figure 1, but for POGA and EN4 EOF1 and EOF2 for 1900-2014. 

The correlation of PC1 and PC2 between POGA and EN4 is 0.72 and 0.77, respectively.  
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Figure S5. Regression of (a) ERSST (℃) and (b) POGA SST (℃) upon the POGA SSS 

PC1 during 1861-2014.  
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Figure S6. (a) Time series of Nino 3.4 SST (gray line), the 7-year smoothed IPO index 

(black line), and the principal component time series of the first EOF mode in POGA 

SSS (purple line, with red line for the 7-year running-mean). (b) 7-year smoothed 

GMST anomalies in HadCRUT (black line) and POGA (red line), superimposed on the 

principal component time series of the second EOF mode of SSS in POGA (purple line) 

and HIST (gray line). All normalized beforehand. 
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Figure S7. The average of the first EOF modes obtained individually from ten members 

of (a) POGA SSS and (b) HIST SSS (PSS-78). (c) The 7-year smoothed principal 

component time series of SSS in individual ensemble members of POGA (gray lines) 

and their average (red line); (d) is the same as (c), but for HIST.  
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Figure S8. Same as Figure 3, but for (a)-(c) EN4 and ISHII (gray dots and red solid line) and (d)-(f) 

EN4 and ORAS4 (gray dots and red solid line) datasets.   
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Figure S9. Same as Figure 3, but the 7-year smoothed time series of the EN4, POGA, 

and HIST, based on mean of SSS gridded products rather than SSS in-situ profile data.  
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Figure S10. Same as Figure S8, but the 7-year smoothed time series of the EN4, ISHII, 

and ORAS4, based on mean of SSS gridded products rather than SSS in-situ profile 

data.  
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Figure S11. (a) EN4 and (b) ISHII SSS (in PSS-78) 1973-1992 20-yr linear trend. 
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Figure S12. Time series of POGA (red line), HIST (black line), EN4 (green line), and 

ISHII (blue line) 7-year smoothed SSS anomalies in the western Pacific warm pool for 

waters warmer 28.5 ℃ to be compared with Cravatte et al. (2009).  


