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SODA3: a new ocean climate reanalysis
James A. Carton, Gennady A. Chepurin, and Ligang Chen
Introduction
Here we provide additional figures and discussion to highlight six issues raised in the main text
of Carton et al. (2018). The first four: 1) the reason for the switch of SST data sources in 2003,
2) alterations to the topography data set when moving from SODA2 to SODA3, 3) estimation of
mixed layer depth and its performance, and 4) modification of seasonal ERA-Interim heat and
freshwater fluxes in response to the misfits obtained in a preliminary reanalysis, all describe
aspects of the reanalysis system. The last two, 5) comparison of soda3.4.2 to observed sea level,
and 6) spatial structure of warming trends, provide additional information about the performance
of the reanalysis.
1. SST Data: In 2002 we switch from Pathfinder v5.2 L3 satellite infrared SST, which finishes in
2013, to ACSPO which begins in 2002 and includes additional satellite data sets. We make the
switch in 2002 for two reasons. First, we found a cooling trend in Pathfinder SST that does not
occur in either ACSPO or in the gridded OISSSTv2 product (Fig. S1 lower panel). This trend
lowers global Pathfinder SST by ~0.25°C (even more in the Pacific warm pool). Another reason
we switch is that Pathfinder SST measures skin SST and must be corrected to be appropriate for
the depth of the first model level (bulk SST). ACSPO does not require this additional correction
(Fig. S1 upper panels).

Fig. S1 Comparison of Pathfinder v5.2 L3 SST and the ACSPO L3 bulk SST of Ignatov et al. (2016) for
the 12 year period 2002-2013. (Upper left) time mean difference between Pathfinder and ACSPO,
(upper right) reduced time mean difference between Pathfinder SST corrected to bulk SST
following Grodsky et al. (2008) and ACSPO SST. (lower) Global average monthly Pathfinder
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SST, ACSPO SST, and OISSTv2 2002-2015. Pathfinder SST is only available until 2013.

We evaluate the possibility that this change will introduce a spurious jump in soda3.4.2 SST due
to the change in data sources by examining the change in two-year average SST after the change
minus the two year average before the change (Fig. S2). The difference reveals a strong El Nino
signal in all three analyses (2003 was an El Nino year while 2000 was a La Nina year), but
shows little indication of a spurious jump.

Fig. S2 Comparison of the change in twoyear average SST (2002-2003) after the
switch to ACSPO SST from the two
year average (2000-2001) prior to the
switch. (upper) Change in Pathfinder
AVHRR SST, (middle) change in
soda3.4.2 SST, and (lower) change in
soda2.2.4 SST. Only soda3.4.2
changes SST products in 2003. The
SST change averaged in the latitude
band 60°S-60°N is: AVHRR: 0.13°C,
soda3.4.2: 0.16°C, and soda2.2.4:
0.08°C. Units are °C.

2. Topography SODA3 uses a somewhat finer topography data set that improves resolution of
key passages. In Fig. S3 we show a detailed view of the topography of the passages connecting
the Pacific and Indian Oceans where the impact of the change in resolution is evident.

Supplemental Material

Page 3

Fig. S3 Comparison of the topography
of the tropical western
Pacific/eastern Indian Ocean as it
appears in (upper) SODA3 and
(lower) SODA2. The 2500m
contour is included. Note the
improved resolution in SODA3.
Units are m.

3. Mixed layer depth: In the main text as part of the discussion of forecast error covariances we
describe how the vertical error covariance is elevated within the mixed layer. The mixed layer
depth used in this procedure is estimated from the model forecasts based on the change in density
from its surface value. In Fig. S4 we compare the climatological monthly maximum mixed layer
depth from the de Boyer Montégut et al. (2004) climatology with the soda3.4.2 mixed layer
depth monthly climatology. The pattern of mixed layer depth is qualitatively similar.
Interestingly, the soda3.4.2 mixed layer does have a systematically shallower monthly maximum
depth in the tropics despite using a slightly larger criterion (0.05 kg m-3 compared to 0.03 kg m3
).
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Fig. S4 Comparison of climatological monthly maximum (left) observed and (right) soda3.4.2
mixed layer depth. Units are m.
4. Fluxes: In the main text we point out that surface heat and freshwater fluxes calculated
directly from ERA-Interim surface variables are incompatible with the ocean observation set.
This incompatibility is indicated by the existence of systematic (e.g. time mean) analysis
increments of temperature and salinity within the mixed layer. Prior to carrying out soda3.4.2
we apply the methodology of Carton et al. (2018) to construct seasonal modifications of ERAInterim net surface heat and freshwater flux of which the time mean is shown in Fig. S5. Among
the striking changes we impose: time mean net surface heat flux in the subtropical gyres is
increased by 10-20W/m2 while net evaporation is increased by 1-2 mm/dy. In contrast, rain over
the west Pacific warm pool in increased by 1 mm/dy.

Fig. S5 Time mean modifications to net surface heat and freshwater flux obtained through application of
(1.3) to an initial reanalysis experiment. Units are: W/m2 and mm/dy.

5. Comparison to observed sea level: In the tropics and subtropics changes in sea level at periods
of a season and longer are mainly associated with baroclinic motions and thus associated with
changes in stratification. Previous sea level comparison studies such as Chepurin et al. (2014)
and Balmaseda et al. (2015) show quite close correspondence between reanalysis sea level and
the observations (although most of the reanalyses in the both studies actually assimilate sea
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level) with RMS differences of around 5 cm in the northeast tropical Pacific. In Fig. S6 we
present the RMS difference between annually averaged observed and soda3.4.2 sea level during
the 23 year period 1993-2015. Consistent with these previous studies, the sea level estimates are
quite similar in the tropical Pacific and Indian Oceans, but differ in the low variability eastern
tropical and South Atlantic.

Fig. S6 Comparison of annually
averaged sea level from
soda3.4.2 and satellite
observations 30°S-30°N
during the 23 year period
1993-2015. (Upper) Root
mean square observed sea
level, (middle) Root mean
square difference between
observed and soda3.4.2 sea
level, (lower) correlation of
observed and soda3.4.2 sea
level. Soda3.4.2 sea level
explains 42% of the observed
variance of annual sea level.

6. Spatial structure of layer average potential temperature trends: Discussion of the evolution
of potential temperature anomalies in three depth ranges (0-300m, 300m-1000m, and 1000m2000m) associated with Fig. 9 in the main text leaves open the question of whether the trend in
these anomalies varies spatially in the same way for EN4.1.1, soda3.4.2, and soda2.2.4. In Fig.
S7 it is evident that the spatial structures of the linear trends of the potential temperature
anomalies in the upper 300m are similar, with the primary areas of warming occurring in the
western Pacific, South subtropical Indian and North Atlantic Oceans. Below 300m the results
for EN4.1.1 and soda3.4.2 both suggest that the major warming is occurring in the Atlantic and
Southern Oceans. soda2.2.4 differs below 1000m. The range of the color pallets reduce from
±0.05°C for 0-300m to ±0.02°C and ±0.01°C for the deeper layers.
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Fig. S7 Linear trends in layer average potential temperature for three layers: 0-300m, 300m-1000m, and
1000m-2000m computed grid point by grid point using least squares linear regression. The trends for
EN4.1.1 and soda3.4.2 are computed over the 36 year period 1980-2015 while the trends for
soda2.2.4 are computed over the shorter 29 year period 1980-2008. Units are °C/yr.
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