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1. History

Table 1 provides a detailed description about the history of BOA_Argo gridded

data set.

2. Introduction

The Array for Real-time Geostrophic Oceanography (Argo) program was
originally proposed by scientists from the United States and Japan at the end of the
20th century. By the end of 2007, the global Argo network consisted of 3000
Lagrangian free-drifting profiling floats had been accomplished at a spacing of
approximately 300 km (33<. The target of the network is to provide continuous,
high-resolution temperature and salinity (T/S) observations within the upper 2000 m
of the global ocean. Argo data are made available in near real-time, within a few
hours after data collection. Over two million Argo temperature-salinity profiles had
been obtained by November 2018, from then on, more than 15000 additional profiles
per year have been added. Both the data coverage and volume exceed previous
traditional observations, however, like those previous observations, temperature and
salinity profiles from Argo floats have an irregular spatial and temporal distribution,
thus confines its applications.

Many Argo member states have developed their own individual monthly
gridded Argo products (e.g. Jamstec-Argo, Hosoda et al., 2008; Roemmich-Argo,
Roemmich and Gilson, 2009; EN4-Argo, Good et al., 2013; IPRC-Argo,
http://apdrc.soest.hawaii.edu/projects/Argo/data/Documentation/gridded-var.pdf).
These Argo gridded data sets are mostly based on optimum interpolation (OI) or more
sophisticated variational analysis methods (Troupin et al., 2010). As pointed out by
Locarnini et al. (2013), Ol is based on the second-order statistics, which tends to
induce large errors when data is relatively sparse.

The advantage of Barnes corrections is that it is able to capture signals at
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Table 1. History of the BOA_Argo gridded data set

o . . . Temporal
. . Data ) Objective analysis Spatial Vertical . o
Version Domain First guess . . coverage , Variable Online time
source method resolution resolution .
resolution
Global ocean Cressman(1955), Argo 08/2012
BOA_Argo Barnes (1973), new 48 levels, 2004-2011, )
(180V-180FE, Argo T/S 2004-2011 T/S . 1 degree T/S (Li et
2012 . respond function 5-1950m monthly
59.58-59.5M) climatology data al.,2012)
Global ocean 04/2013
BOA_Argo Argo 2004-2012 T/S The same as 48 levels, 2004-2012, )
(1809V-180FE, Argo T/S . 1 degree TIS (Liet
2013 climatology data BOA_Argo2012 5-1950m monthly
59.5%-59.5) al.,2013)
Global ocean 04/2014
BOA_Argo Argo 2004-2013 T/S The same as 48 levels, 2004-2013, .
(180V-180E, Argo T/S ) 1 degree T/S (Li et
2014 climatology data BOA_Argo2013 5-1950m monthly
59.58-59.5M) al.,2014)
Global ocean Argo 2004-2014 T/S/ 06/2015
BOA_Argo The same as 49 levels, 2004-2014, T/S/IILD/
(180WV-180E, Argo T/S ILD/MLD/CMLD 1 degree (Liet
2015 ) BOA_Argo2014 0-1950m monthly MLD/CMLD?
59.58-59.5) climatology data al.,2015)
Global ocean Argo 2004-2015 T/S/ 06/2016
BOA_Argo The same as 58 levels, 2004-2015, T/S/ILD/ )
(1809V-180FE, Argo T/S ILD/MLD/CMLD 1 degree (Liet
2016 . BOA_Argo2015 0-1975dbar monthly MLD/CMLD
79.58-79.5M) climatology data al.,2016)

1 T: temperature, S: salinity, ILD: Isothermal Layer Depth, MLD: Mixed Layer Depth, CMLD: Composed Mixed Layer Depth.
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Global ocean Argo 2004-2016 T/S/ 05/2017
BOA_Argo The same as 58 levels, 2004-2016, T/S/ILD/ )
(1809V-180FE, Argo T/S ILD/MLD/CMLD 1 degree (Liet
2017 . BOA_Argo2016 0-1975dbar monthly MLD/CMLD
79.5%8-79.5M) climatology data al.,2017)
Global ocean Argo 2004-2017 T/S/ 06/2018
BOA_Argo The same as 58 levels, 2004-2017, T/S/IILD/
(1809V-180FE, Argo T/S ILD/MLD/CMLD 1 degree (Lu et
2018 . BOA_Argo2017 0-1975dbar monthly MLD/CMLD
79.5B-79.5M) climatology data al.,2018)
Global ocean Argo 2004-2018 T/S/ 06/2019
BOA_Argo The same as 58 levels, 2004-2018, T/S/IILD/
(1809V-180FE, Argo T/S ILD/MLD/CMLD 1 degree (Lu et
2019 . BOA_Argo2018 0-1975dbar monthly MLD/CMLD
79.5%8-79.5M) climatology data al.,2019)
Global ocean Argo 2004-2019 T/S/ 06/2020
BOA_Argo The same as 58 levels, 2004-2019, T/S/ILD/ .
(1809V-180FE, Argo T/S ILD/MLD/CMLD 1 degree (This
2020 . BOA_Argo2019 0-1975dbar monthly MLD/CMLD
79.5]8-79.5M) climatology data manual)
3] SOED & DESS
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various scales based on pre-defined response functions. However, there has been no
monthly Argo gridded data set generated by the Barnes method so far, because the
classic Barnes method also requires uniformly distributed observations in spatial.

Levitus (1982) successfully developed a global climatology of ocean
temperature and salinity using simple Barnes successive corrections. Theoretically,
this enables the production of objective analysis via examinations of the response
function and calculation of the key parameters. However, the Argo monthly data are
not evenly distributed and relatively sparse compared with WOA observational data.
This poses a significant obstacle to apply the default Barnes correction method
directly to the irregularly distributed monthly Argo data.

We refine the classic Barnes method by adopting the most suitable parameters
and response functions. A series of error analysis are conducted to quantify the most
appropriate parameters in the Barnes method, including the iteration number,
influence radius, convergence factor, and filtering parameter. New response functions
are then derived based on these parameters. Compared to the three iterations required
in the classic Barnes method, the new approach only requires two iterations. Due to
the flexible response functions used, the refined method is able to retain more
mesoscale signals than the classic method.

Then a new Argo gridded data set (Barnes objective analysis, BOA_Argo) is
produced following the below procedures. First, a quality control filter is used for
screening all available Argo profiles and, the geometry model method proposed by
Chu et al. (2011) is employed to calculate the Mixed Layer Depth (MLD) for each
Argo profile. The corresponding sea surface (Odbar and 5dbar) temperature and
salinity are then estimated using the linear fitting method in the mixed layer. The
initial background state is constructed using Cressman successive correction
(Cressman, 1957). The Barnes successive correction is then applied to produce
monthly gridded analyses. We use this approach to generate the monthly mean

3-dimensional temperature, salinity, and derived products in the global ocean.
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3. Data preparing

The global Argo temperature and salinity profiles are provided by the China
Argo Real-time Data Center (http://www.argo.org.cn). All of the data have been
quality controlled (either a real-time quality control (QC) or a delayed-mode QC) at
the national Argo Data Assembly Centers (DACSs). Users should refer to the Argo
data management documentation (Wong et al., 2015, Argo quality control manual for
CTD and trajectory data Version 3.0, http://dx.doi.org/10.13155/33951) for details.
Despite the above QC criteria, the quality of some data is still insufficient for our
application. We further improve the quality and suitability of the profiles ingested into

BOA_Argo by applying some additional filters that listed in Figure 1.

4. Scheme of production of the BOA _Argo gridded data set

The generation of BOA_Argo data follows the four steps (Figure 1).

(1) Data screening

The Argo data quality control procedure is as shown by Figure 1, which yields
data on a uniform 58 levels in vertical. Figure 2 shows the time series of monthly
number of the profiles before and after the application of our quality control criteria
between January 2004 and December 2019.
(2) Construction of the first guess field

A monthly climatological initial conditions are obtained via Cressman analysis.
Cressman (1959) introduced a successive correction scheme, which iteratively
corrects gridded background values (first guesses) by applying a linear combination of
corrections between predicted and observed values. Corrections are applied at each
grid point using the equation

K
Zwirt])(fbo - fbn)
fin+1 = f.n +—b::l ] ’ (1)

I Kln
n
W

b=1
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where f" is the analysis field after the n iteration at grid point i, f; is the b®"
observation within the scan radius Rn (called the influence region) for the n™" iteration,
f' is the estimate after the n™ iteration interpolated to the location of the b
observation, K" is the number of the observations collected within R, and wiis a

weighting function. The weighting function W;; is defined as:

a
ra

Argo data quality control(Jan.1997-Dec.2019)

1. Choosing rigth domain

‘L 2. T/S exist ,qe=1
Merging to 1" x I 3. Min(pres) <10dbar,max(pres) >400dbar
1( 4. Density inversion check
5. Topand bottom spike test

Annual first guess field(COA)

|

—> Annual first guess field(COA)

The same T/S value in vertical test

T/Srange test

T/S month-by-month statistic check(6STD,5STD)

o0 -1 Oy

All T/S statistic check(6STD)

Annual first guess field(COA)

l

Monthly (1-12) first guess
field(SST.S8S8,T.S,ILD.MLD, .
CMLD)

Month-to-month gridded Argo
datasets(SST,SSS.T,S.JLD,MLD,CMLD) |,
(Jan. 2004-Dec.2019) (BOA)

A 4
T/S RMSE Variable with depth

Finding and deleting bad l
Argo T/S profile data (_| No pass | /’\

Legend
— 5 nextstep COA: Cressman Objective Analysis
—— firstguess BOA: Barnes Objective Analysis

Figure 1 Scheme describing the production of the BOA_Argo gridded data set, including quality
control and preprocessing of Argo data, as well as iterative applications of the objective analysis
and RMSE check steps.
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Figure 2 Number of Argo profiles before (blue) and after (red) a data screening from January
2004 to December 2019.

2 2
n_Rn_rib 2 2
ib_Rz 21rib<Rn
n+rib ' (2)

n 2 2
\Nibzo’rib 2Rn

where rif, is the square of the distance between the observation b and the grid point i.

Rn is usually taken to be several times the grid distance. We use a Cressman scheme

(Eqns. 1&2) with three iterations to generate an annual mean climatology that serves
as a first guess for the seasonal climatology. The scanning radii are set to 999 km, 666
km and 333 km, respectively. Four seasonal means are then estimated using the same
three radii of influence, with the annual mean as the initial condition. Finally, monthly
mean climatologies are generated based on the same approach, with the corresponding
seasonal mean as the first guess.

(3) Generation of gridded data using Barnes successive correction method

Monthly data are produced using Barnes successive correction method (Barnes,
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1973), which is similar to the Cressman scheme in many aspects. Barnes (1973)
defined the method by proposing a modified weighting function,
Wirt]) = exp(__ri‘;)’ r|l§ < an
ay , 3)
W, =0,1, >R}

where g is a filtering constant and g is the convergence factor. This modified

weighting function reduces the number of iterations typically required to reach a
stable solution. BOA_Argo applied the iterations twice, and the corresponding
influence radiuses are selected both as 555 km, with the filtering parameters of
8.0x10* and 1.6x10* km?, and the convergence factors of 0.2. After each iteration, a
9-point smoothing is applied twice. Consequently, BOA_Argo can retain larger
portions of the mesoscale and large-scale signals for wavelength=5AX? (Li et al.,
2017a).
(4) RMSEs of gridded T/S profiles

T/S profiles with large T/S RMSE values are removed, then the third (Barnes
successive correction) and fourth (calculation of RMSES) steps are repeated until all
T/S RMSEs in the deep waters (>1500 dbar) are smaller than a threshold
(RMSEs<0.06<C for T, and RMSEs<0.01 for S). Temperature and salinity in the deep
waters (>1500 dbar) may have a quite slow variability, so that T/S RMSEs at these
depths should be small and consistent across months. Additional details are provided
below.

Figure 3 shows the final global averaged T/S RMSEs at different depths. For
water depths deeper than 1000 dbar, the average RMSE of temperatures is
approximately 0.05840.008<C, and the average RMSE of salinity is 0.008+0.001.
Above 1000 dbar, the average RMSEs increase to 0.3174).036 <€ for temperature and
0.04240.007 for salinity, probably due to the impacts of surface winds, heat fluxes,

freshwater fluxes, and so on.

2 For AX = 111 km, the meridional separation at the Equator
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Figure 3 RMSEs of (a) temperature and (b) salinity between the gridded BOA_Argo analysis and
merged observations after the objective analysis step (January 2004-December 2019). Solid black
line denotes the average value of RMSEs for each variable, while solid grey lines denote the
monthly RMSEs over the global oceans.

5. Data set description

Name: BOA_Argo.
Temporal coverage: From January 2004 to December 2019.

Temporal resolution: Monthly.

Spatial resolution: horizontal 1°x<1° (Longitude: 0.5:1.0:359.5, Latitude:
-79.5:1.0:79.5); 58 levels in vertical from surface to 1975 dbar depth.

The MATLAB and NetCDF format versions are available.
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5.1 MATLAB Version

For example:

BOA_Argo 2004 _01.mat is the data file for January 2004, variables included:
lon (longitude, 360<160),

lat (latitude, 360<160),

pres (pressure,58, unit: dbar),

temp (temperature, 360><160>58, unit: C),

salt (salinity, 360x<160>&8, unit: PSS-78),

mid_t (Isothermal Layer Depth, 360160, unit: m),

mld_dens (Mixed Layer Depth, 360160, unit: m),
mld_composed(Composed Mixed Layer Depth, 360160, unit: m).

BOA_Argo_annual.mat is the data file for annual climatology, variables included:
temp_annual (temperature, 360<160>58),

salt_annual (salinity, 360x<160>58),

mid_t_annual (ILD, 360x160),

mld_dens_annual (MLD, 360x160),

mld_composed_annual (CMLD, 360x160).

BOA_Argo_monthly 1.mat is the data file for January climatology, variables
included:

temp_monthly (temperature, 360<160>58),

salt_monthly (salinity, 360<160>58),

mid_t_monthly (ILD, 360x<160),

mld_dens_monthly (MLD, 360x160),

mld_composed_annual (CMLD, 360%160) ;

landmask.mat is the land mask file, variables included:

lons (longitude, 360x<160),

lats (latitude, 360<160),
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landmask (360><160>68), and land is flag 1,ocean is flag 0.

5.2.NetCDF format

‘BOA_Argo_YYYY_MM.nc’ is the NetCDF format data, for example:
BOA_Argo 2004 _01.nc is the data file for January 2004, variables included:
lon (longitude, 360),

lat (latitude, 160),

pres (pressure, 58),

time (days since 0000-01-01, 1)

temp (temperature, 1X58x160>360),

salt (salinity, 1 X58x160>360),

ILD (Isothermal Layer Depth, 1 X 160>360),

MLD (Mixed Layer Depth, 1X160>360),

CMLD (Composed Mixed Layer Depth, 1 X160>360).

FillValue is 99999.

Below is a MATLAB script to read all the variables:
ncid=netcdf.open('BOA_Argo 2004 01.nc','nowrite");% read the file

varid=netcdf.inqVarlD(ncid, lat); % get the latitude variable id
lat=netcdf.getVar(ncid,varid); % get the latitude value

varid=netcdf.inqVarID(ncid,'lon’); % get the longitude variable id
lon=netcdf.getVar(ncid,varid); % get the longitude value

varid=netcdf.inqVarID(ncid, pres’); % get the pressure variable id
pres=netcdf.getVVar(ncid,varid); % get the pressure value

varid=netcdf.inqVarID(ncid, time"); % get the time variable id
time=netcdf.getVar(ncid,varid); % get the time value

varid=netcdf.inqVarID(ncid,'ILD"); % get the Isothermal Layer Depth(ILD) variable
id
mld_t=netcdf.getVar(ncid,varid); % get the ILD value

varid=netcdf.inqVarID(ncid, MLD"); % get the Mixed Layer Depth(MLD) variable id
mld_dens=netcdf.getVar(ncid,varid); % get the MLD value

11 | SOED & DESS



Manual of Global Ocean Argo gridded data set (BOA_Argo) (Version 2020)

varid=netcdf.ingVarID(ncid,CMLD); % get the Composed Mixed Layer
Depth(CMLD)variable id
mld_cmd=netcdf.getVVar(ncid,varid); % get the CMLD value

varid=netcdf.ingVVarID(ncid,'temp"); % get the temperature variable id
temp=netcdf.getVar(ncid,varid); % get the temperature value

varid=netcdf.ingVarID(ncid,'salt’); % get the salinity variable id
salt=netcdf.getVar(ncid,varid); % get the salinity value

netcdf.close(ncid);
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9. Copyrights and conditions

The BOA_Argo gridded data set generated by China Argo Real-time Data Center
(CARDC, http://www.argo.org.cn/) is open for an unrestricted usage, any copying and
distribution of this data set are permitted.

Before using the data, please read the conditions below and acknowledge your
acceptance.

Conditions:

The user acknowledges that the Argo data product was developed by CARDC for
research purposes. The CARDC will not be liable for interpretation of or
inconsistencies, discrepancies, errors or omissions in any or all of the product as
supplied.

CARDC shall not be liable for any loss or damage when the user makes use of

this data set.
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The user agrees that whenever the data set is used in publications, the CARDC
shall be acknowledged as the source of the product, and with the following form:"
The BOA_Argo dataset used in this study is produced at China Argo Real-time Data

Center".
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