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Introduction  

This supporting information provides the comparison between the GLORYS12v1 

reanalysis dataset and in situ temperature observations on the Northeast U.S. shelf (NES) 

in Text S1 and Figure S1-S2. Text S2 and Figure S3 are about the difference between the 

two temperature-based Gulf Stream Indexes (GSIs). Figure S4 shows the probabilistic 

forecast mean-squared errors of the local persistence model using the Brier Score for the 

upper and lower terciles in each subregion. Figure S5 compares these Brier Scores among 

all subregions with regard to forecast month, initialization month and lead time. We also 

provide Figures S6-S7 to support the results about the predictability of large-scale indices 

on the NES bottom temperature (BT). Figure S8 shows the spatial prediction skill pattern 

for the deep Gulf of Maine (DGoM) and Georges Bank (GB). The increased prediction 

skill after adding the linear trends are plotted in Figure S9. Figure S10 shows the limited 

prediction skill of local persistence in sea surface temperature (SST) on the NES. Table S1 

lists the best nonlocal seasonal predictors across the six main subregions. Table S2 shows 

the fish stocks on the NES with identified links between oceanographic variables and 

population processes. 
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Text S1. Comparison between GLORYS12v1 and Observations 

To assess the realism of the GLORYS12v1 reanalysis dataset on the NES, we have 

compared the daily reanalysis dataset with in situ observations of SST and BT collected by 

NOAA Northeast Fisheries Science Center (NEFSC). Observations are extracted from the 

NEFSC hydrographic database which includes temperature and salinity measurements 

collected at more than 40,000 stations between 1993-2018 (Figure S1). Any observation 

collected within the upper 5 meters is considered a surface value and within 10 meters of 

the bottom is considered a bottom value. 

Comparisons were made at both seasonal and interannual time scales. First, we 

interpolated the GLORYS12v1 onto each observation’s latitude, longitude and time using 

an Inverse-Distance Weighting Method [Chen et al., 2018]. Subsequently, we calculated 

the climatological annual cycle at a daily interval for both datasets and compared them for 

each subregion (Figure S2a-c). Similarly, we computed the interannual time series for each 

subregion and compared between the two datasets (Figure S2d-f).  

Results suggest that the reanalysis dataset is highly consistent with the observations 

over the NES on both seasonal and interannual time scales (Figure S2). For the surface 

temperature, the correlation between the two datasets reaches above 0.96 for all eight 

subregions on both seasonal and interannual time scales; and the mean biases (reanalysis 

minus observation) are below 0.25°C for shelf boxes 02-04 and 07-08, and around 0.5°C 

for shelf boxes 01 and 06. The GB (shelf box 05) has the largest mean bias among all eight 

subregions, which is about 0.78°C and 0.79°C in SST on seasonal and interannual time 

scale, respectively. This is likely because the ocean model used by the GLORYS12v1 

reanalysis dataset does not include tidal forcing nor a parametrization for tidal mixing 

[Fernandez & Lellouche, 2018], which are crucial for the ocean dynamics around GB. 

Similarly, the mean bias in BT between the two datasets is below 0.4°C in shelf boxes 02-

03 and 05-08 on both seasonal and interannual time scales. Correlations between the two 

datasets are above 0.9 in the SMAB (box 01) and NSB (box 04), although the mean bias is 

larger, measuring roughly 0.9°C and -0.8°C respectively.  

Text S2. Comparison between Two Temperature-based GSIs 

Comparisons of the two 200-m temperature (T200)-based GSI time series are 

shown in the Figure S3, as well as the SSH-based GSI, suggesting that they have the 

general agreement with each other from 1950s to present. The main difference between the 

two GSIs is that Joyce et al. [2009] smoothed the WOD with a Gaussian taper temporally 

(0.5 year) and spatially (1.25° in latitude and 2.5° in longitude) to obtain seasonal index. 

On the other hand, the GSI using gridded EN4 does not require a Gaussian taper for 

temporal smoothing, thus the resulting index is monthly. Twenty locations (cyan dots in 

Figure 1b) are selected along the climatological 15°C isotherm at 200 m between 74° and 

55°W, which includes 8 base points used in Joyce et al. [2000]. The T200-based GSI is 

calculated as the standardized first principal component time series from the empirical 

orthogonal function (EOF) analysis of the 200 m temperature time series at the 20 base 

points and it represents the meridional fluctuation of the Gulf Stream North Wall [Joyce et 

al., 2019; Chi et al., 2019]. Both monthly SSH and T200 GSI time series are linearly 
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detrended. 

 

Figure S1. Locations of the observational data points (represented by blue dots) during the 

period of 1993 to 2018 from the NOAA NEFSC hydrographic database (Text S1). 

Percentage numbers of the observational points within each subregion to the total number 

of observation points on the NES (within the ten subregions; 43,215) are listed on the map.  

 

a Box03-NMAB d Box03-NMAB

b Box05-GB e Box05-GB

c Box07-DGoM f Box07-DGoM
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Figure S2. Seasonal (a-c) and interannual (d-f) comparisons of SST (red and black lines) 

and BT (blue and cyan lines) between the GLORYS12v1 reanalysis (black and cyan lines) 

and observations (red and blue lines) for subregions box03-NMAB (a, d), box05-GB (b, e), 

and box07-DGoM (c, f) on the NES. The gray bars in the background indicate the number 

of observations in SST used in each panel, and which is almost identical to the number of 

observations in BT (difference < 0.03%). 

 

Figure S3. The time series of three Gulf Stream Indices (GSIs). The black line represents 

the seasonal subsurface T200-based GSI (1954-2017) calculated using the WOD data 

[Joyce et al., 2000]. The red line is the T200-based monthly GSI using the gridded EN4 

data (1954-2018). The cyan line represents the SSH-based monthly GSI (1993-2018). 
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Figure S4. Same as Figure 2, but for the probabilistic prediction skill assessment of the 

local persistence model using the Brier Score (BrS) for upper (a-h) and lower (i-p) terciles. 

Gray dots are identical to those in Figure 2, indicating the forecast month-lead month pair 

when the ACCs are significant at 95% confidence level. 
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Figure S5. Same as Figure 3, but for the probabilistic prediction skill assessment of the 

local persistence model using the Brier Score (BrS) for upper (a-c) and lower (d-f) terciles. 

 
Figure S6. Same as Figure 7, but for the prediction skills in ACC of (a-f) the SSH-based 

GSI model and (g-l) the NAOI model for each subregion. 
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Figure S7. The improvement in prediction skill of ACC by treating the T200-based GSI 

as an extra box in the persistence-advection model, relative to the original persistence-

advection model in each subregion. The grid with the “GSI” on it (light gray or black) 

means the ACC is significant at the 95% confidence level. The black “GSI” means the 

ACC improvement of the persistence-advection with GSI model relative to the original 

persistence-advection model is significant at the 95% confidence level.  
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Figure S8. As in Figure 8, but for the DGoM (a-d) and GB (e-h). 
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Figure S9. Same as Figure 4d-e, but for the improvement in prediction skill after adding 

the observed linear trend for each NES subregion.   

 
 

Figure S10. As in Figure 2a-h, but for the ACC assessment of the damped local 

persistence of SSTA on the NES. 

 

Table S1. The best nonlocal predictors selected for the simplified persistence-advection 

model in each subregion on the NES. 

Target 

Subregion 

Box01-

SMAB 

Box03-

NMAB 

Box05- 

GB 

Box06-

WSGoM 

Box07-

DGoM 

Box08- 

NEC 

Best Nonlocal 

Predictor(s) 

Box 05- 

GB 
Box B Box B 

Box09- 

NSGoM 

Combined 

Box C and D 

Combined 

Box C and D 

 

Table S2. Fish stocks on the NES with identified links between oceanographic variables 

and population processes. The listed initial month is the month before each assessment is 

currently conducted. We report the anomaly correlation coefficient (ACC) from the 

generalized persistence model (Figures 5 and 6) for cases with a clear forecast area, 

forecast months, and initial month. 
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* no forecast needed (catchability is not used in population projections) 

# forecast and/or initial months unclear 

 

 

Species 
Population 

Process 

Oceanographic 

Variable 

Forecast 

Area 

Forecast 

Months 

Initial 

Month 

Lag 

(mo) 
ACC Reference 

Yellowtail 

Flounder 
Recruitment 

BT,  

Cold Pool Index 

NMAB, 

SMAB 
Jan-Mar Aug 5-7 0.2-0.5 

T.J. Miller et 

al., 2016 

Xu et al., 2018 

Winter 

Flounder 
Recruitment BT 

NMAB, 

SMAB 
Jan-Mar Aug 5-7 0.2-0.5 

Bell et al., 2018 

NEFSC 2020 

Summer 

Flounder 
Mortality BT, GSI 

NMAB, 

SMAB 
Jan-Dec Aug 0-4  

O’Leary et al., 

2019 

O’Leary et al., 

2020 

Black Sea 

Bass 
Recruitment 

BT, Bottom 

Salinity (BS) 

NMAB, 

SMAB 
Jan-Mar May 8-10 0.3-0.4 

A.S. Miller et 

al., 2016 

Butterfish 
Catchability 

(distribution) 
BT 

GB, 

NMAB, 

SMAB 

* *   NEFSC 2014 

Atlantic 

Cod 

Recruitment, 

Mortality 
SST 

WSGoM, 

DGoM 

Jul-Sep, 

Oct-Dec 
Aug 

0-1, 

2-4 
0.6-0.8 

Pershing et al., 

2015 

Atlantic 

Cod 

Growth, 

Maturity 
BT GB Sep-Nov Aug 1-3 0.8-0.9 

Miller et al., 

2018 

American 

Lobster 
Recruitment BT, BS 

WSGoM, 

DGoM, GB 
Apr-Jun #  0.4-0.9 

Tanaka et al., 

2019 

American 

Lobster 

Recruitment, 

Growth, 

Mortality 

BT 
NMAB, 

SMAB 
# #   ASMFC 2020 

Atlantic 

Surfclam 

Growth, 

Mortality 
BT 

NMAB, 

SMAB 
# May   

Hennen et al., 

2018 

Northern 

Shrimp 

Recruitment, 

Abundance, 

Distribution 

BT, SST, BS 
WSGoM, 

DGoM 

Mar-

May, 

Sep-Nov 

Oct 
5-7,  

0-1 
0.4-0.9 

Richards et al., 

2012 

ASMFC 2018 

Cao et al., 2017 


